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GCSE Maths — Number

Powers, Roots and Fractional Indices

Worksheet
WORKED SOLUTIONS

This worksheet will show you how to work out different types of questions on
powers, roots and fractional indices. Each section contains a worked example,
a question with hints and then questions for you to work through on your own.

This work by PMT Education is licensed under CC BY-NC-ND 4.0
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Section A

Worked Example 1

Find 133

Step 1: Identify the power and use the number to indicate how many multiples there are.
133 =13 x 13 x 13

Step 2: Calculate the product.
133 =13 x 13 x 13 = 2197

Worked Example 2
-4
Find (2)
Step 1: Due to the negative sign, flip the base.
@ -6
4 5

Step 2: Apply the remaining power to the numerator and denominator.

4

5

(5)‘4 (4)4_44_4><4><4><4_256
4 ~ 5% 5x5xX5x5 625

Guided Example 1

Find 212
Step 1: Identify the power and use the number to indicate how many multiples there are. 2 |
2% =2\ % 2\ ’i_%
Step 2: Calculate the product. /\ ig;g
2% =\ x2) = &4l 4 4 |
Guided Example 2
. 13\ 72
Find (?)
Step 1: Due to the negative sign, flip the base. 9
(2Y* = ( 2)
=] 3 (3
Step 2: Apply the remaining power to the numerator and denominator. X 13
3\% 3> IxD . P
N = = = i —— (o)

V.
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

1. Find 73 \/\ 49
X 63
3

2.3 x3x3 = &9 x3 =343 343
2. Find 4* 6‘1:
[
L\_4=L\.’<L‘.XL{.XL‘.=\Gx4xq—=6‘(-¥‘\-=256 256
3. Find 5° .
= 625 x9x
5.5 x5 %5 x5 x5 x5 =25 x5 x5 x5x5 =125x5 x5 x5 2 = 3125 %5
15625
2
4. Find (3) K nzs
R
3y2 3% _ 3x3 -4 e
(5): %57 5728
_9\3
5. Find (2)

-4x-qx-4 _ -329
4® ax x4 64

-3 3 l |
- 2 V. = =—
2 3. ("-\ = (2) 2° 3
L flip twe vose 4o vemone v\egaﬁ»e wndox
7. Find 0.5°

S
5_ 1\, L oL
05°: ()= =~ 32
c.svwed- d%cwv\o\l +o0 geockion

8. Fmd( )
1" \_ x i x\Wxlh o 1464l
( \ - ?) T 3w FxaxxF 2401
'F ip twe oose 4o vemove neao&'\\oe wmaex
2
9. Fmd(g)

5V - L. 2xax2xAx2x22 . 128
3 37 3Ix3x3Ix3Ix3Ixix3 218

10. Find (—11)~* flip twe bose to vemove negpfive wndox

- Y B A LA S L ! = |
('“\ * o ( ’\‘) - (-ll) (IIY* T xuxixll o ue4d
AR

J
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Section B

Worked Example 1
Simplify g°> x g3

Step 1: As we are multiplying, we must add the two powers together.

Step 2: Simplify the addition of the two powers.

g5+t3 = g8

Worked Example 2
Simplify (¢%)!!

Step 1: As we are raising a power to another power, we must multiply the two powers together.

(q6)11 — q6><11

Step 2: Simplify the multiplication of the two powers.

6X11 — 66
q =q

Guided Example
Simplify y° ~ yz

Step 1: As we are dividing, we must subtract the second powers from the first power.

: ‘ RulEs of
\jﬂ N ji _ 3“‘1 INDICES :

P AR S

Step 2: Simplify the subtraction of the two powers.

\jﬂ-‘a . lj'\'?f’

b

[ R
"
(O

V.
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.
11. Simplify x X x X x
XXX XA =X = RULES OF INO\CES
12. Simplify a® x a*
plity o xm%x,\:xm-m
adxat = 0¥ . " o -
®d x™ +x" =%
n mxn
13. Simplify 740 = 21 @™ =X
(40 . 2l o 40—zt ® x~" - _‘_"
L © x* < myx7
14. Simplify e+ X ez
3 L 3,1 3.2z 5
e* xe*=e+' =" *=¢
15. Simplify £5 + ¢2
3 _6C L
L S L
16. Simplify (a?)3
((l"‘)S = QLX3= QG
17. Simplify (9b*)7
(204! = 977 438296906
18. Simplify (3/5)i0 5 .
4> ul
(265)5 - 3% (£9)% = 4B = w3 £ - wflaces £2
19. Simplify (p=9)~"
(p=9) "= prv<r = py
20. Simplify (5)?
xzc_., 3 (x23)3_ x23x3 _ x‘s — Y a2 S9° x%\j
( X9 ) (203 a3 ™
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Section C — Higher Only

Worked Example 1
Find and simplify V68

Step 1: Identify if the number in the root has any square number factors.
68 = 4 X 17 so 4 is a square number factor.

Step 2: Simplify the square root using rules of surds.

V68 = VA x 17 = V4 x 17 = 2 x V17 = 2V17

Worked Example 2
Find and simplify 1625

Step 1: Without using a calculator, find an integer which factors into 625 exactly 4 times (the same
number of times as the root).
625=5%x5x5x5=>5"*

Step 2: Deduce the solution to the root expression.

V625 =354 =5

Guided Example 1
Find and simplify V126

Step 1: Identify if the number in the root has any square number factors.
\26 =9 x4 so 9 s o Sgpase  NUN(l Loctof.
Step 2: Simplify the square root using rules of surds.

N26 = Jaxie = Ja x G = 3G
=" ruies of surds

Guided Example 2
Find and simplify ¥/32

Step 1: Without using a calculator, find an integer which factors into 32 exactly 5 times (the same
number of times as the root).

22:=2xaAXxAXx2x2=2"

Step 2: Deduce the solution to the root expression.

5932 =%2° =2

V.
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

21. Find V81

=9 x9 so 8l has two Sguate numbper factos of A
. Alecnadive meshod: 81=9qxq=9%

30 = Jaxa =daxJa = 3x3=19 @r=J9 =9
22. Find V24 22:4

24 = 6x4% so & is o squove (Y\vmber foctd,
Jza = J6x4 = §6 xJ3& = Jg x 2 = 276

1':
23. Find v/900 o 0=
900 = 100x 4 so 100 iS O. squose nuMber foacfor,  Altemodve metwod:
Q00 = 30 x 30 = 30%

Ja00 = §100xq =J100 xJq = 10 x3 = 30 Ja = J30% = 30
24. Find V612

612 =36x13 so 36 is o squore numbel  factof.
Joiz - R6x13 = 36 x J17 = 6xI@3 = 637

= T?gfcfiz so €4 is o sguoYe  mumioel focior.

Jizg = Jeaxz = J6w =2 = gxJz =312
237 = 2 (832) = 1632

26. Find 13v338 ‘
328z 164 x2 O 169 is on Squove  numbe( factor

J33% - fieaxe = §i6a x {7 = 1B xJZ = 32
1R 7R8 = 130(1382) = 16a3Z

27. Find /64

169= 13"

bl = 16Xt = Gxtxt= 4
Jou = Vo = &

28. Find V16 4
\(,I=q_\/;‘.-.2x2><2x1=2
i =024 = 2

29. Find V125 _g?
125 = 25 x5 = 5x5%x5*

3J1as =453 =

(]

30. Find /243
x4 x3= 3Ix3IxIx3 x3=3’

243 - 81%3 =
Y2y =937 -3
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Section D — Higher Only

Worked Example
3
Find and simplify 2™ 2

Step 1: Due to the negative sign, flip the base.

Step 3: Simplify the remaining powers and roots. Rationalise the denominator if necessary.

2 1 1 1 VB VB VAXZ VExVZI 2VZ 2
—3:—:—:—)(—:—: = = = —
2 V23 V8 V8 V8 8 8 8 8 4
Guided Example
1

Find and simplify (<)

Step 1: Apply the power to the numerator and denominator. As it is a fraction, we will get a root.

i
z

Ul

Step 2: Simplify the remaining powers and roots. Rationalise the denominator if necessary.

TIE G oS
SO A

E-A-_z_,f_fi,lﬁ

5 & 55 8 5

K_ RQ’\'\ONRL\SE THE
DENOMINATOR

V.
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

1
31. Find and simplify where possible 92
L
ﬂ . r B

3
32. Find and simplify where possible 1272

NALISE
l{'ﬁa‘-:rlgemmnmﬂ
ot (eyto(ayEe 2D L L T
-\ 2 12.% 23 Jz8  J38 s 118
= J536x3 . J576 xJ3 | o «J3 . 2403. I3
1728 1923 \328 128  J2
divide  numenfr
5 N\\% g:zy\uwivxo.w
33. Find and simplify where possible (f)z RATIONALLSE THE
; . . 3 / DENOMINATOR
< 2 5
(.%y: ii= E = (%) = 2 = 2xax2xax) . 32 _ 32 _Ju3
3= J3F 3 3T Raxaa w3 8 Ja@m
- 2578 | 3leix3 . 32 (D) | 3(axd® . 32(03) | 29383 | 33
243 \ 243 243 2473 2473 243 27
Simgiey surd VY divid\ezmx\k -
Foontes Wactor L ond. danemingyer
of 243 _1
34. Find and simplify where possible () *

— —

N, 323 343
Flip twe bas€

A0 Yemove
negotive ndax

(;i)‘%_(éﬁf_ 5 _ (& _4
e+l  ~ \23| @ =—=" 3

1
35. Find and simplify where possible 9™ 2

TH- (- (3. g
A

pr=

NI
I T 3

Flip the bas€
10 TeMmove
negpdive ndax

J
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36. Find and simplify where possible (g) 3

Twis Solution conrer d
be LuWrner Slim \\Q\e
2 2 z S——- 4
-= = 3 ! 143 sinte  ARNOoMminetoNS
(%) 3 (%)3 = _8_ - y¢ -3 6% = __q'_ = _. Wit cuoe foots con ek
z 7 3 3|’ be roXionolised N +ne
I3 V4 49 4 49 Some woy o5 denominafus
\/’ withh  sguoasre foOfs.
Flip the base C;\AL:.CNJ( &e How Cot‘\d{-ﬁou
10 Yemaove odae € Sequore Yoo
negoptive ndex

fafionalicofion Metired
£or cuoe coots 7

5

37. Find and simplify where possible (;_i)_z

5

(\9\'% (2‘_\7; st BF  WET | WF)_ 37| 133 263
—_— = = —_ = = = . - 2 31
¥ N e \ei A& (4“6)5 (IL") 15 T 2x2x2Axax

Flip the base \_Jl

' Y
*optemo\)e ."g: con aqp\\&
V\egl‘h\le wndex ook ??“wwwcmr
order 8 S\N\M

4

38. Find and simplify where possible (%)_E

-4 & & 4
(1\3 (2. 2 (7 _ (F) | 3. 3x3x3x3 = 8
27 - 3 y3° (;J—)‘» (ﬁ)" 2 LXQAX2X2 \
N
Flip the base You Con oQpt
e pouser
s ndax ook i nscnener

L — Here, v makes
ordRr i Stmgeny Sensé +o opply the
root first So we ofe

5 v\ow\o\\mg SN OMEr NUMLers
39. Find and simplify where possible (1—96) 2
3 2 z . .
Az - (16)3— - 163 - NI 3|25¢ This solution C&!\V\O‘\’
16 “\q)] ° S = 2= W ed
(ls\ q Z W e be gurther simpvit
N
Flip twe bas€
A0 Yemove

negotive ndax

2
40. Find and simplify where possible (32) s

2
(32) % (323 )“E'”l T E
= _L - 2 2
3% Bz {m) Wz 2
AN
You con oQpt
the gouver on
ok N wwhichewer R
L — Here, it makes
order i3 simgett Sensé +o owpply the
root {irst So e ofe
\Aw\o\\mg SN O NUM el
(and we Enow twie §™ ook of 32)

L
4
Flip twe \ouse

‘o (emaove
negptive ndax

o
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Section E — Higher Only

Worked Example
Estimate 6.5

Step 1: Recognise that 6.5 is between two integers, 6 and 7.

6<65<7

Step 2: Due to this, 6.52 is between 62 and 72.

6% < 6.5% < 77
Step 3: Simplify this inequality.
36 < 6.5%2 < 49
Step 3: Using this we can estimate 6.52.
6.5% ~ 40

Guided Example
Estimate V14

Step 1: Recognise that 14 is between two square numbers, 9 and 16.

qQ € \4 t\6

Step 2: Due to this the square root of 14 lies between the square root of 9 and the square root of

16.
Ja ¢ g L 16

Step 3: As 14 is closer to 16 than to 9, square root of 14 is close to the square root of 16.

Ja ¢ g 6
3L duy 4

since JIG closer +o Ji§ +non J8, J1& (s closer to & +han

. 3 xe +wis favage
3.$0 we Con estimaiR B e oS e attowsed - o6
AN\MNV\MN

W 3.9 o it e

V.
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Now it’s your turn!
If you get stuck, look back at the worked and guided examples.

: fFor ghons ke the followin
41. Estimate 4.32 ° mvig’:o% et mw‘:o\ e
4<4.3<5 odowed. You \‘}\\m .nee: ::\v:‘?:ihe
SLYIC You'‘re CVNOooS\N!
?-Z< 4'3L < Sl CO“QC? fegion. S
<4.3°¢ 25

4.3 is closer t0 & +hon § so  &4.3* is cleser +o 16 thoan 25,
So, we estimafe 4.3%2x |9

42. Estimate 1.43

14 1.4 ¢ 2
3¢ 1.43¢ 23
1< 1.43¢ 8

1.4 is closer 40 \ than 2 SO 1.4 is cloger o | twon +o 8.
S0, we estimaie 1.4* =3

43. Estimate 2.1°

24 2.1¢3
IRGEVES
32<2.1°¢ 243

2.1 is closer 40 2 fthon 3 S0 2.1" will be closec 4o 32 +han 243
S0, we estimore 2 15z 40 '
AN~

44. Estimate 0.8232
04 0.’1L34)1)
04 0.%L3 <& |2
0 < 0.823 4|
0.923 is closer Y0 | +wan O so 0.8 is closer t0 | +han O
%0, we estimote (.923*=013
45, Estimate V39

36 € 39L4q «—— S\Jg\égdt;ﬂh»::\f required
§36 < 39 < &9 Sopare mumbers.
6< 3q <7
39 is cleser 40 36 so I3 is clower o 6 thwawn 3.
S, we estmate JFx 6.2
46. Estimate V35

25 < 35<36
25 < I35 ¢ &3¢
5<8B5¢¢

35 is closer to 36 twan 25 so JE is clower o £ +won 5.
$0, we estimore JI5R 5.9

47. Estimate V140
! Ao wetnod: V140 = 2835
\21 L1840 & (44

From @46, J35x5.9.
'3 P
J?\‘ 44})‘%&? S0 Ji40:23Gx 2 x5.9=11.8
V40 s closer +o 1G4 tmon (2} so Jigg is cleser to 12 +hon I\
€0, we estimode  Jigo « 11.8
48. Estimate v18.2

16 £1%.2<25
Jie<Jigz2¢ 25

4L d%2&5
18.2 is cloger 4o \6 +wan 25 so JB.2Z is cloger 6 4 +wan 5,

So, we estimare J82 & 43
49. Estimate /61

ndwich The
13 L 61464 —— I 02, 00 tween

3&3 (3{5‘_(@ cém v‘};mmw; dwe o the
3 <Yerdy

J

£1 is closoc 46 64 +non 23 so N6 _is clojer 40 & +han 3.
S0, we eshmote N6l = 3.9 @ @
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