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n CHAPTER

Exponents and Powers

12.1 Introduction
Doyou know? /

Mass of earth is 5,970,000,000,000, 000, 000, 000, 000 kg. We have
already learnt in earlier class how to write such large numbers more 1024

conveniently using exponents, as, 5.97 x 10 kg.
We read 10* as 10 rai sed to the power 24. \
We know B=2x2%x2x2x%x2 m
and 2M=2x2%x2%x2x..%x2x%x2. .. (mtimes) We say:
10 raised to the power 24.

Let usnow find what is2-2_isequal to?

12.2 Powers with Negative Exponents

Exponentisa

You know that, 10?=10x10=100 negative integer.
10=10= o
10
10
10°=1=—
10 As the exponent decreases by1, the
10-1=7? value becomes one-tenth of the
' previous value.
1
Continuing the above patternwe get, 10-* = 0
Smila oo taggily L 11
iy 107 10710 100 102
1 1 1 1 1

3z —+10=—X—=—=x=—
107°= 700 100 10 1000 10°
Whatis10-*° equal to?
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Now consider thefollowing.
P=3x3x3=27

The previous number is
divided by the base 3.

F=3x3=9= =
meUTeTET g

pog2?
T3
T3
Solooking at the above pattern, we say
1
1—1.2==
31=1+3 3
1 1 1
2 —_+3=-_""—_ ==
3 3 3x3 ZF
1 1 1 1
| I S
You can now find thevalueof 2-2inasimilar manner.
1 1
2= —— =
Wehave, 10 102 or 10? 102
103 = 1 10° = 1
T 10° o BETE
) 1 5 1
= 7 or 3F= 37 etc.
1

In general, we can say that for any non-zero integera, a ™= PoE wheremisa
positiveinteger. a™isthemultiplicativeinverseof a™

TRY THESE

Find themultiplicativeinverseof thefollowing.
@i 24 @iy 10°% (iiiy 7-2 (iv) 53 (v) 10w

Welearnt how to write numberslike 1425 in expanded form using exponentsas
1x103+4x10°+2x 10"+ 5x 10°.
L et ussee how to express 1425.36 in expanded forminasimilar way.

3 6
= _t —
We have 1425.36 1><1OOO+4x100+ZXl0+5><1+10 100

=1x10°+4x10°2+2%x10+5%x1+3x101+6x%x102

TRY THESE

Expand thefollowing numbersus ng exponents.
(i) 1025.63 (i) 1256.249

1

o=l jge i1
10’ 10> 100
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12.3 Laws of Exponents

Wehavelearnt that for any non-zerointeger a, a"x a” = a™*", wheremand n are natural
numbers. Doesthislaw a so hold if the exponentsare negative? L et usexplore.

1 1 ~ 1
1

1 1 1
Therefore, 2_3X2_2 = ?X?= 23X22 = 23+2

-5
2 N~
-5 isthe sum of two exponents—3 and — 2

(i) Take(=3)*x(3)7

1
_12\-4 _3 -3 = X —
( 3) X( ) (_3)4 (_3)3
o
= = = ()7
(_3)4 X (_3)3 (_3)4+ 3 ( 3)
(i) Now consider 52 x 5% In Class VI, you have learnt that for any
54 A a"
52x 5¢= e 5% = == 572 =50 non-zero integer a, T a™ ", where
(iv) Now consider (-5)~* x (-5)? mand n are natural numbers and m> n.
1 » (-5)? 1
—5)4x (52=——x(-H)" = =
( ) ( ) (_5)4 ( ) (_5)4 (_5)4 X (_5 -2

1
= 5 (5@

Ingeneral, we can say that for any non-zerointeger a,
anx a'=a""" wheremand n areintegers.

TRY THESE

Simplify andwriteinexponentia form.
) (7x(2)* (i) p’xp™ (i) 3 x3°x3°

Onthesamelinesyou can verify thefollowing laws of exponents, whereaand b arenon A
zerointegersand m, nareany integers.

m

O w=a"" @) @r=am @) @ xb= ()

) Z—:=(%jm V) =1

L et us solve some examples using the above L aws of Exponents.

These laws you have studied
inClassVII for positive
exponents only.
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Example 1: Findthevalue of

1
0 23 @i 32
Solution:
_ 1 1
@) 23 23 § iy — =3x3=9

Example 2: Smplify
() 4> (4™ @) 2+2°

Solution:

1
A5 % (—A)0= (_ A\ (-10 = (_ A)S5 = m n— am+n g M=_"_

() 4PxE=4H7=(4 (-4) C 2 (@ xa'=am, o)

('l) 25 . 2—6— 25 (-6) = 211 (am+an — am—n)

Example 3: Express4-3 asapower with the base 2.

Solution: Wehave, 4=2x2=2?

Therefore, (4)2=(2x2)3=(29)3=2239=2-6 [(@)"=a™
Example 4: Simplify and writetheanswer inthe exponential form.

) @+2%px2° @) 4)7°x(OB)*x(H?

5 4
(iii) —>< 3 iv) (-3*x (3)
Solution:
1
(‘) (25 - 28)5x2—5—(25 8)5X2_5_(2_3)5X2_5_2_15 5—2—20— ﬁ

W) (=47 x©O)*x (D)7 =[(=4) x5x (9] =[100]"*= 773

1
[usingthelaw a"x b™=(ab)™, a™= E]

1 1 1
i) =x(@)°==xQ3=23x3=(2x3)3=67=
(i) $xE@7=%x0E (2x3)” &
5 4 4 4
iv) (-3*x (3) = (-1x3)* x % = (-1)* x 3* x %
=(=D*x5t =50 [(-D)*=1]
Example 5: Findmsothat (-3)™** x (-3)°> = (-3)’
Solution: (-3)™*1x (-3)°=(-3)’
(-3) o= (3’
(_3)m+6 - (_3)7
On both the sidespowers havethe samebase different from 1 and — 1, so their exponents
must beequal.
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Therefore, m+6=7 a"=1only if n=0. Thiswill work for any a

or m=7-6 =1 excepta=lora=-1.Fora=1,1'=1°=13
=172=..=1or(1)"=1forinfinitely many n.

2\ 2 For a=-1,

Example 6: Findthevalueof (3) : (-1)°=(-1)p2=(1)?*=(1=*=..=1or
(=1)P=1for any eveninteger p.

Solution: @2_3_9

olution: =37 272

Example 7: Simplify (i) {@ o ( %) ‘3} . ( %) 5

B 5 -7 8 -5
W (é) X(E)
Solution:

o (7L

(i|) (2)_7X (3_5: Z_::XE_::=Z_:;X2_::=5(_7)_(_5) ><8(_5)_(_7)

=52x8= 8—2: &4
52 25
HEEE EXERCISE 12.1
1. EBEvduate
_2 Nz (1)
i 3 (i) (-4 (iii) (Ej

2. Simplify and expresstheresult in power notation with positive exponent.

0 454 @) (2—13]

(iii) (-3)* x @) (iv) (837+310)x3°5 (v)23x(-7)3
3. Findthevaueof.

() @F+49x2 @) @ x4)=27 (i) @+@+@
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22
(iv) (3t+41+51H° V) {(%2) }
4. Evauate(i) 8_;(453 (i) (5 x 2) x 64

5. Findthevaueof mfor which5m+~53=55,

6. Evauae()) {@)_1_ (%J'l}_l(“) (g)—vx(gr

Smplify.

25xt™4 . 3°x10°°x125
) ——— (t#0 il
0 53x10xt® t=0) ) 5'%x67°

~

12.4 Use of Exponents to Express Small Numbers in
Standard Form
Observethefollowingfacts.

Thedistance from the Earth to the Sunis 149,600,000,000 m.
The speed of light is300,000,000 m/sec.
Thicknessof ClassV Il Mathematicsbook is20 mm.
Theaverage diameter of aRed Blood Cell is0.000007 mm.
Thethicknessof human hair isintherange of 0.005cmt00.01 cm.
The distance of moon from the Earthis 384, 467, 000 m (approx).
Thesizeof aplant cell is0.00001275 m.
Averageradiusof the Sunis695000 km.
Mass of propellant in aspace shuttle solid rocket booster is 503600 kg.
Thickness of apiece of paper is0.0016 cm.
Diameter of awire onacomputer chipis0.000003 m.
Theheight of Mount Everestis8848 m.
Observe that there are few numbers which we can read like 2 cm, 8848 m,
6,95,000 km. There are some large

numbersike 150,000,000,000mand Very large numbers | Very small numbers
some very small numbers like ylarg y

0.000007 m.
|dentify very largeand very small | 150,000,000,000m 0.000007 m

numbers from the above factsand | -----mmmmeeem ) mmmmmmmomooees

writethemintheadjacenttable:. ™ | —ccmmmmmmmeeeen | s
We have learnt how to express | = ------=====---= | —--mmeeooooooe-

very largenumbersinstandardform | cceeeeeeeeeeeen | e

inthepreviousclass.
For example: 150,000,000,000 = 1.5 x 10*

Now, let ustry to express0.000007 min standard form.

©oo Nk wWDdDRE

SE B
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150000000000. Decimal is moved
1110987654321 11 places to the left.

0.000007m=7x10"5m
Similarly, consider thethickness of apieceof paper
whichis0.0016 cm.

16 1.6x10 4
= = =16x10x10
0.0016 10000 10*

=16x 103
. . 3 Again notice
Therefore, we can say thickness of paperis1.6 x 10-*cm. 0.0016 decimal is moved

TRY THESE IU;};I 3 places to the right.

1. Writethefollowing numbersin standard form.

(i) 0.000000564 (i) 0.0000021 (i) 21600000 (iv) 15240000
2. Writedl thefactsgiveninthestandard form.

0.000007 decimal is moved
123456 0placestotheright

12.4.1 Comparing very large and very small numbers

The diameter of the Sunis 1.4 x 10° m and the diameter of the Earthis 1.2756 x 10" m.
Supposeyou want to comparethe diameter of the Earth, with the diameter of the Sun.
Diameter of theSun=1.4 x 10° m
Diameter of theearth= 1.2756 x 10’ m

14x10°  14x10°7 1.4x100

1.2756x10° ~ 1.2756  1.2756

So, thediameter of the Sunisabout 100 timesthe diameter of the earth.
L et uscomparetheszeof aRed Blood cell whichis0.000007 mtotheat of aplant cdl which
is0.00001275m.

Therefore whichisapproximately 100

Sizeof Red Blood cell = 0.000007 m=7 x 10-°m
Sizeof plantcell = 0.00001275 = 1.275 % 10-°>m

_7x10°_7x10© 9 paot 07 07 1
1.275%x10° 1275 1975 1275 13 2 Pprox

Soaredblood cdll ishalf of plant cell insize.
Mass of earth is5.97 x 10?*kg and mass of moon is 7.35 x 10?* kg. What is the
total mass?
Total mass=5.97 x 10** kg + 7.35 x 10%* kg.
=5.97 x 100 x 102 + 7.35 x 10%2
=597 x 102 + 7.35 x 10%
= (597 + 7.35) x 10%
= 604.35 x 10??kg.
The distance between Sun and Earthis 1.496 x 10**m and the distance between
Earth and Moonis3.84 x 10m.
During solar eclipse moon comesin between Earth and Sun.
At that timewhat isthe distance between Moon and Sun.

Therefore,

When we have to add numbersin
standard form, we convert them into
numbers with the same exponents.
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Distance between Sun and Earth = 1.496 x 10"m
Distance between Earth and Moon = 3.84 x 10°m
Distance between Sunand Moon = 1.496 x 10" — 3.84 x 108
=1.496 x 1000 x 10® —3.84 x 108
= (1496 —-3.84) x 10°m=1492.16 x 10® m
Example 8: Expressthefollowing numbersin standard form.
(i) 0.000035 (i) 4050000

Solution: () 0.000035=35x105 (i) 4050000 = 4.05 x 10°

Example 9: Expressthefollowing numbersinusual form.
(i) 3.52x10° (i) 7.54x104 (i) 3x10°

Solution:
() 352x10= 375%2 10(;(_)502 = 352000 Again we need to convgrt
0 75410~ 5= <0008 QL
(i) 3x10°= % = ﬁ — 0.00003 exponents.

B EXERCISE 12.2
1. Expressthefollowing numbersin standard form.
() 0.0000000000085 (i) 0.00000000000942
(iif)  6020000000000000 (iv) 0.00000000837
(v) 31860000000
2. Expressthefollowing numbersinusua form.
(i) 3.02x10° (i) 4.5x10* (i) 3x10°®
(v) 1.0001x10° (v) 5.8x10% (vi) 3.61492 x 10°
3. Expressthenumber appearinginthefollowing statementsin standard form.

() 1micronisequa to 1000000 m.

(i) Chargeof an electron is0.000,000,000,000,000,000,16 coulomb.
(i) Sizeof abacteriais0.0000005m
(iv) Sizeof aplant cell is0.00001275m
(v) Thicknessof athick paperis0.07 mm
4. Inastack thereare 5 books each of thickness 20mm and 5 paper sheets each of
thickness0.016 mm. What isthetotal thicknessof the stack.

— WHAT HAVE WE DISCUSSED? —

1. Numberswith negative exponentsobey thefollowing lawsof exponents.
@ a"xa'=am™" (b) an+a"=am™" (o (@M=am

a™ (a)"
(@ a"xb"=(ab)" ( a=1 G) b—m=(gj
2. Very small numberscan beexpressed in standard form using negative exponents.

Source: NCERT



