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Fluency Practice

For the following terms,

a) Write with a positive exponent
b) Evaluate:

1. 267t 9, 2

5. —2671 6 -2
9. (=26)"! 10. (-2)!
i3 27 12. =-7-8
15. (—4)73 16. 97*

19. —3* 20. 2572

11.

13.

i by

21.

1072
-1072
(-10)~*
(-8)~*
~1172

(-2)"°

12.

14.

18.

22.

Decide if there are mistakes in the following and explain how to fix the answer:

b) 1073=_

a) 472 =-16
30
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Fluency Practice

Write in index form:

1 1
a) 5—2 b) 3—4
Write in the form 2™:

1 1
Write in the form 5™:

1 1

Arrange in ascending order:

Q=

d)

d)

d)

390,625
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Fluency Practice

Simplify the following:

%

20.

o

19.

=)

18.

-

25.

%

(_

24,
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Fluency Practice
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Fluency Practice

@ Complete each collection of equivalent expressions.

Example

o
o
o
o
o
o
gl
o
—

ey ) oy

C o)
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Fluency Practice

POSitive. neGative & ZeRO inDiceS Match these calculations to their answers, which are jumbled up

below. Record your answers in the table at the bottom.

©o3zx20 i 31x3 i (22 i 62+6' i 30x3
- 2 x 3 21x62 i 51x51 {1 10x51 || -21x2
22 x 23 25 + 50 11 x 20 31 x 30 51 x -2
21+21 |1 (321 21x2x2% || (-2x-3) 22 x%x 3
ox52x 101 63x32 1 12+60 i 51451 11 (42x41)
____________________ L___1_____________1___| S | S | S |
1% & g o1 e 3% 2 2
3 25 3 18 16 25 A 4 195
7 9 3 11 20 4 12 7
A B C D E F G H | J K L M N (0] P Q R S T U \Y w X Y
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Fluency Practice

TASK Evaluate:

Calculations with Negative Indices

(@) @)1 451 (@ 2+ ;1)1 (&) 672 +373
v 6 +@ N () (3 . O +0
- 577" 6 0471 +0.7572 (i) = -3

; () +(m

= +&)
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Fluency Practice

TASK Show that

Calculations with Negative Indices

(a) G)_l L1l 18_5 (d) (g N g)_l _ ;_; (8 6-2 4373 = 1_(7)8
R A AN - B () S A O R O
OO e | otvorstoag |0 (@) (7)) -
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Fluency Practice

Rewrite the following with positive indices:

1.

6.

11.

16.

21.

x_6

k—14

2.

7.

12.

17.

22.

x_7

2573

13.

18.

23.

14.

19.

24,

(=5x)7

10.

15.

20.

25.
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Fluency Practice

Task 1

Rewrite the following with negative indices:

1 1 1
1. x_4 2. ; 3. dj
1 3 5
6 mn 7. 213 8 )
11. = 12. — 13. =
x 3x2 xn
1 1 3
16. " 17. = 18. P
Task 2

Match the equivalent pairs of expressions

(3x)71 (3x)~2 3x~1 x3
1 1 = 2
x3 x—3 9x2 x

14.

19.

3x 2

10.

15.

20.
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Fluency Practice

Simplify each of the following. Assume that all variables represent positive numbers. Present your answer without negative

exponents.

26.

27.

28.

29.

36.

o372 50a ™2 m™2 3\ 2
9-3 +=3 34,5
9. “_ 16. 2Y 35
. A 4 2 O b
m . \ © 23
3 " 693 B
v 1. —a? ¢ 23. (3m?)?
ad-a ! 2\ *
12. (-z)° 18. <*>
P (p7) p® (=) 3 24. (—2ab‘3)_3
. _ 2 —
13, (b7°) (v%) (b71) 19. 243
$74 3\ —3
L 1 L (%)
-9 14, — 20. (2 25.
@ ) ) 6 @) (k5
2a3b5 >_2 (a3b*5)73 30 _ﬂc3y0$5)_2 13 (—2&‘2)_2 b3al (—aba_Qb_2)_3
—3a3h—2 Y3 2a2 (72a*2())72 abd

ady Tz ® 0 —a? (b_la)_5 -
(—3p?’q5_)2 3 <_ y ) M ( b7 (—ab?) >

1 -1 _
' szfza 35 ) * a0 (—2yay”

yad (y—22) 7" (20~ Lya3) !

2

z2)°

Suppose that 2 = 8.5- 107'2 and y = 7.5 - 107. Perform each of the following operations. Present your answer using
scientific notation.

a) zy  b) 2® ¢) i d) g o) L
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Fluency Practice

£X  ZX
I I

L+l ) x
AH + ﬁVN

X
A + mxmv sX
6

T
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(- x@ma

(F+ 24w
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T T
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‘81

‘ST
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?x + mxv £X

T T z
ATGN + mcv g
(o2 -22)2-2
(WL + ywg) ug

(zx€ +2x2) 2xg

sX  ¥X
L1 )zx
z €)1

Mm
ANI&S* + ﬂv m\SN
(23— 2-3€) ;2

ﬁ\vIE.v - ._”IENVE

(g_x— x)x

"JOMSUE IN0A AJ13sn( ;aN.1) JUSWIILIS SIYY S|

:JuaIale)s SUIMO[[0] Y3} UMOP SIILIM UIne]

‘8¢

KA

'6C

9¢

L1

4"

Zsel

(d-a) +dz g

T

Am-n + mav cd 'g7
T k4 T
(gnz +m)g_nz sz
ANR.T mRvmlR 22
A.vR. + NIRVMIR. 61
w
Aﬁl + NEV Zug 9T
€ £ £
Amk. + .vkvmk €T
(_v+1),_ D01
(z-PE+ D)0y L

(A4S + ,£€) A7 ¥
F-eXx T
:Ajiiduats A[ny pue puedxyg

T ysel
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Fluency Practice

Expand and fully simplify:

1. MM 2+m3(m2+m)

3. (x+x71)?
1
5. (3kz—2)?
1 2
7. (CE + ll)
2

9. (xg + y%) (xé — y%)

10.

3 1 1 1

(SCZ + 9c5) (6c5 - ZCZ)
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Fluency Practice

Expand and simplify
a »(r-x") b 2xX’(x' +3) ¢ x'Gx-x) d 4x7°(3x +2x°)
¢ %x2(6x+ 4x7" f 3xi(x —xg) g x_;(Sx2 +x§) h x;(3x§ —x_j)

i &+ D -3) i 0 +3) k (P-2 D -xY) 1 —x)(x—x0)

Page 23




Fluency Practice

|

-

T

:sjuauodxa [euonoely uisn SuIMo[[o) 9y ALIMIY

R YA muum
‘61 MI«ONI
ST z_981
T
T1 mukvﬂl
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T
‘€ £_Xp
T

K4

LIE
sq0Z—
T
2981
T
sXp1—
T
01dST
1

Xy
T

£iseL

T

:udis [earpes ay3 3uisn SUIMO[[0] A ANLIMIY

Zysel

:ugis earpeu ayy Suisn Sumor[oJ 3yl ANLIMAY

1seL
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Fluency Practice

'GZT = x uaym £ puy ‘ex = L1ey) uaary (p
'I8 = X uaym £ puy .Mx = Ay uaan (0
9T = x uaym £ puy .Mx = A1eyy uaam (q
79 = x uaym £ puy .Wx = A1eyy uaaln (e

Z¥seL
6ZL . 62L . 000T . 000T .
m-Aﬂv 9¢ %&v st m-Aﬂv ve %ﬂv (23
T T T T
EVE . EVE . 9621 . 962TY |
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T T T T
ajeneay
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Purposeful Practice

9N, I9ASN
9NIJ, SOWI}aWO0S
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Fluency Practice

(P) g
(@ 6

m\HR ()

N\HR (e)

‘'suollenba asayy aA|0S

(W) m\TA%V (6)

e, 8 ) ¢ €gve ()
e/, _C1S  (P) 2/, Sz )
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Problem Solving

Which is bigger?
L
10 £ or
20 or

NlH NIH

NlH

ND
-

4 e
-

Q0
-

(O] [ —
e e

w|m=

Page 29




Fluency Practice

Task 1

Write in index form:

1. Va3
5. VwS
9. Vx2
13. Vw?
17.Ym?
21. Vk*
25./x5y7

10.

14.

18.

22.

5vVa3 3

4ws 7

9Vx2 11.
-6Vw* 15.
—2Vm? 19.
-12Vk* 23
Va7b3c 27.

12.

16.

20.

24.

28.

Vi*
1
p2q3rt
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Fluency Practice

Task 2

Write with a radical sign in simplest form:

1. xs 2. ms 3. p 4.
6. 4 (x%) 7. 9 (mi) 8. 16 (pf) 9.
1. xs 12 ms 13.  p 14.
6. 4 (x‘f) 17. 9 (m‘ﬁ) 18. 16 (p‘i) 19.

Task 3

Find equivalent terms from the following:

x3 x> x2 \/; 2/; x| 2x!

x: x? vx? xvJx x5 | x72 a2 | &°
2x
x 1 | 2x72 £ x* Ty = 1 —4
x Yol2dx| Y|
1 _-4|1 - ! 2 1 3.

15.

20.

Page 31




Fluency Practice

Task 1
Evaluate:
4
1 83
3
6 92
3
11. 814
5
16. 472
2
21. 1000z

2
26. (—3125)s

2
3. (—64)7
36. (%)Z
41. (%)_5

4
46. (1%)3

12.

i br

32.

37.

42.

47.

273
3
100z
2
1255
_2
64 3
3
8174
(—8)3

(-8)
OF
&)
()

3 64s
2
8 3125s
2
13. 2437 s
4
18. 8 s
3
2, 62574

2
28. (—=125)7s

33. (-32)7:
o (%)
o (@)
o G

14.

19;

24.

29.

34.

39.

44,

49.

81:

_2
32 s
_4
327s
(—8)s
2
(—243)7s

(—125)":
o5
=,
&)
GR
25

w

10.

15:

20.

25.

40.

45.

50.

3
6254
5
42
3
16 +
2
12573
5
(—=27)3
2
(-32)7s

(=1000) "3

3
(2
100
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Purposeful Practice

Task 2

a) Arrange the following in ascending order:

12 1
252,83,273

Task 3

Gina has completed her homework.

Can you spot any mistakes?

Question 1
Work out O-

4.5

v

Task 4

Question 2

Work out 2773

18

3
a) Giventhaty = xs, find y when x = 32.

c¢) Giventhaty = xg, find y when x = 1000.

5
e) Given thaty = xs, find y when x = 64.

b)

d)

b) Which is the odd one out? Explain your answer.

1 3 2 3
642,164, 93,42

3
Given that y = xz, find y when x = 49.
Given thaty = x%, find y when x = 81.

3
Given that y = x4, find y when x = 10,000.
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Fluency Practice

Task 5

Find equivalent pairs from the following:

8§ ( 1)3 9: 16 Z l l ﬂ
3 8 6 125
2 e 3 1 1
2 5 ) 3 >
2 [(16 V] 391 | 42 1
el [ ]
_1 1
_3 —2|( 1 4y 25
3 — — — i
ool s (2] e |
Task 6
1. (4x) 2. (9m): 3. (16p): 4 (Sy) 5. (100)
6. (4 7. (Om)= 8.  (16p)— 9. (Gy)~ 10.  (100)7:
o () 2. G 1 (G
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Fluency Practice

Task 7

Match up each expression from the first column with its partner from the second column, and

write the answers in the table below

2x7!

o
=
X
=
X
=

Table for Answers:
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Purposeful Practice

Page 36




Fluency Practice

N

Y4

(572)
EN9TC

N\

y

0001
Al

)

AN

4 h
9
__ Y
4 A
o)
__° \
4 A
()
. Y

"buimo)joj ay} Jo yoea jo anjen ayy puiy
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Purposeful Practice

1. Fill in the blanks

3
1. 1002 =
5
2 16t =
3 647 = (Y64)*

..........

N
:01
I
5
(N

5 UE =
3
6 E =

108 =9
=i =7
= i = ?
= i = 8
=35 =272
= i = 216

EXAM

ENGE
c\\\\\g\
[Edexcel GCSE June2003-6H Q17b]

Lletx = 2P,y =249,

If xy = 32 and 2xy? = 32, find the value of
p and the value of g .
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Fluency Practice

m\ﬂ = m\N\A\. X R\A\. AUV
v9=¢x (@ tp=¢x (€
"X puld
0000T (4
LB @, @) e
8 6
m\TAmv () N\m|Aav (@)
6 9
, G @ (&) @
S¢t €ve
, () @ (F) ©
:9)en|eA]
s, € (W) %._0000T (B)
2. 18 Q) 2S¢ (3)
e/,_000T  (P) 2. ¥9 ()
e, _€ve  (d) e/, ¥9 (€
:9jen|en]
TAAC) v 9T (D)
z/,00T @) 2.6 (3)
e,(8-) (P) e,8 ()
e/ ,S¢1  (d) e/, L (B)

:93en|eA]
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Fluency Practice

Fractional Indices

1
=2In.

Y and o7

T2 an

Patrons are reminded that /x
Also note that v4 = 2. (V4 # £2.)

1. Without a calculator evaluate the following;:

<+ho
| | N
(=] o0 e
—~ o~
o e T
—_ = =
R .
=l Nl
<t —
= =3 o
AN,

inllel

wIn e L\
| —~ ‘_1‘1\
I~ < ]
N ~—  ~—
— —~ —~
— 2] +
= = Nas?

. =l .
. o Nl
=l <t [a\| Ne)

(o] Nej — —

= o “ =
T L e X

e

—|=im
— e fmlR=liallo] ©
5r) I | . + | @‘—1 l\‘oo
. . | /‘\ —~ Pl [l D — ™
. Yo Ho| e~ —~ . ~
e P e N e e i \ |
Lome LT X + | | JY P
oy o Ko Lo I Sl ol e S 5 o] B
[a N [a\] <oy Ne) ™ N < oI
~— ~— ~— ~— ~— — < [aN] ~— | ~— ~—
e B2 &2 2 2z N 0 =)
e .
| el
. -
—
—Ie ™ - <flen
—~ oo‘“‘ ~—
<o N —
= — —| ] < +
— [a\l + o
+ N |
. . . .. o] kel — —
—ho =, . — . <) — — oo‘l\ —o
o D~ ola | 1wl ?67 e <flo ] 00| —
ne) o <t <t = ~— ~— ~— ~—
o322 372 8 =2 2 =T =
4 —
co =227 &2 F 5 =
= m
[N}

3. Simplify the following:

X xT2.
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Fluency Practice

~

L mia\/ St w(@h) e

" : () 2
z 9%

(@R) (@N) vy oA I

‘A[uo s103ojul 9AnIsod Jursn JomSue IN0A Juosald "SuImo[[o} oy} Jo yoea AJrjdwis o} uonejou [enusduodxo asn

m\ﬁs

N7 oy Pe
1§ (e/gt) (o/v11)

OHAN\ﬁ\@V ‘oF NMNH@M
m\?\m\@ ¢ \ £

o/r— (z/1-7) €€

oelesaV) 6€ st
v/e—Te/e”
oﬁw\hw&w\mmm}\&mlv 8¢ wAm\H&v e

‘stoquinu dARIsod Juasardor soqeLIeA [[E JBy) SWNSSY

. L = ¢/z—T ‘ordwrexas 10 “AJuo sjuouodxd 9AnIsod SuIsn SIOMSUR [BUL JNOA JUISAId “SUIMO[[0] 9y JO yoed Ajrjdung

_18 '0€ . .
v ¢/e(87) ¥T z/1-9¢ 91 ¢/1-8 '8
oy (@E—) 6T en(87) "€ 2/198 'S e/ L
ee-F—) TT ¢/gG8 V1 e/e6 9

_(eg) 8t
o ee—V— 1T oi(Te—) €1 or(6-) s
g/e-8 LT g/e-98 "0C g/e-V— Tl g/1-6— v
2/1-(96—) 61 g Tl 2/16— €
2/1(96—) 81 /e-9T 01 /1-6 T
¢/191— ST ¢/196— L1 ¢/1(87) 6 16 1

‘suoIssa1dxa Furmo[[oj oy Jo yoes Ayrdung
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Problem Solving

dways, sometmes, never +rue?

————————————————————————

_______________

________________

____________________

____________________

_______________________

———————————————

--------------------

_______________

_______________

_____________________

____________________

____________

_______
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Fluency Practice

Al
State the value of 5°

A2
State the value of 7'

A3
Evaluate 4°°

Give your answer as a fraction in its
simplest terms.

A4

Evaluate /125

B1

1
Evaluate 492

B2

1
Evaluate 273

B3

2
Evaluate 643

B4

3
Evaluate 164

C1

1
Evaluate 8 3

Give your answer as a fraction in its
simplest terms.

C2

1
Evaluate 36 2

Give your answer as a fraction in its
simplest terms.

C3

3
Evaluate 81 ¢

Give your answer as a fraction in its
simplest terms.

C4

2
Evaluate 216 3

Give your answer as a fraction in its
simplest terms.

D1

1

2
Evaluate 2
16

Give your answer as a fraction in its
simplest terms.

D2

2

3
Evaluate ﬂ
343

Give your answer as a fraction in its
simplest terms.

D3

1
3
Evaluate (—1 ;5 j

Give your answer as a fraction in its
simplest terms.

D4

3

2
Evaluate ﬁ
36

Give your answer as a fraction in its
simplest terms.

Page 47




Fluency Practice

square and cube roots: give your answer as a fraction

V0.3

()]

V12445
N 2'%55

V3.2
V4.8

IS

NRZE

3
19425

(

1%V%64

N

-V

1) V2%

2) V1'%

3) 1"

4) 12 Ve

(5) Vs\N15.625
(6) 2(2%%0) "

(7) V% x 3% x1%6

8) 3(3.375) "

Joje|nojes ou
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Fluency Practice

(24)= % x (3%)*
(1.25)= % x (10)*
(1.5)-2 x (16)~ % x (81)%
(48)%x (9)% x (3) %
(20)%+ (100)* x (35)%

(12)%+ (81)" x (162)%
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Purposeful Practice

T

2

X 5

-

1o, = 1 Million

— 10

4
0.1 x10

x 10"

\

/|

x 10




Fluency Practice

Write the following without negative or fraction powers.

@ x73 @ 3x~! @ 5x~* @ %x‘4
@ %3 x2 @ X7 3x2
® wi @ i

®
Ol

-3

1
2

® @

Write the following without roots and, if the x is on the denominator, with a negative power:

1
4x2

® 1 @ = 6 =
@O > ©® v (@O »
® 5 ® 5 ®

w
s
o

O,
O,

@

(9

%

4
x2

[98)

(9
4
(O8]

® ®
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Fluency Practice

Q | Evaluate, without a calculator: Answers Q | Evaluate, without a calculator: Answers
-1 1
1 (9 13 497
1 1
3 (1671 15 ( 1 )-1
81
1 1
4 1162 e (%)’
81
-2 1
5 |5 17 ( 1 )‘5
81
1 -2
¢ |2 ()
-2 2
7 |8 19 ( 1 )3
64
1 4
64
9 |42 21 (g1
1 1
10 161 22 bR
11 | 3272 23 | &
1 m
12 | 5t 28 | g
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Fluency Practice

One variable

Two variables

Rewriting

aixa (b2)° et~ d+d3
Fxet |G o+ g* (hy?
(31°)° ZiE X T X ] 8k? + 6k° 918 + 31
2y B2 1 1
(mE) (SnE) (9p°)z (8¢°)3
2 T N 4 4 1 1
(Brt) < 3t [xs Xil2x CEvaE Sy iy
(3x2)2 5 4 5 2
4ab? x 5a3b 10c?d + 8cd ™! 1 \
(E ef) X Eef
6gh® x 4gh3 (59%h)3 3 lk . " 4
2 A &
8gh 5g2h 7/ % (91 )
1 3 1 1
—xad Vb x Vb c? +— —xVd
a c> d
V9e x 9/e 1 1 & 2 3
— X /4gf2 — % (8h)3 T
g vh e
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Fluency Practice

"D JO anjeA ayj puly

(et x o) =2 (cp)

.
leyy uaaln  (9)
"q J0 @njeA ayy puy

QAH%W\(\QX&\M

jeyauaAa ()

"D JO anjeA ay3l pul

A
s

xiﬂ

D

jeyy usaln  (e)

* p o)
.vun.

xxxp (@  xpxx o (e)

:X Jo 1omod 3|buls e se 231

T T
mAmﬂJ (p) = o)
NA%V (a) % (e)

:X JOo Joamod 3|buis e se a3

gp 0 (3 @
xp () XN )
LX) (@) g ()

:X JOo Joamod 3|buls e se M
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Fluency Practice

)

L

()
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Fluency Practice
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Purposeful Practice

Question 5:

x"2 xo X x3

Put the expressions above in order, from smallest to largest, when:
(a) x=2 (b) x=1 (c) x=0.5 (d) x=-0.5

(e) x=-1 (f) x=-2
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Fluency Practice
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Fluency Practice
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Intelligent Practice

Write in terms of the given number:

1) 16 as a power of 2
2) 16 as a power of 4
3) 64 as a power of 4
4) 125 as a power of 5
5) 42 as a power of 2
6) 43 as a power of 2
7) 4% as a power of 2
8) 273 asapower of 3
9) 273%* as a power of 3

10) 253* as a power of 5
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Intelligent Practice

Solve the following equations:

1)

3% = 243
3% = —
243
4% = 64
4x = L
64
5% = 625
5% = —
625
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Intelligent Practice

Solve the following equations:

1) (%)x — 81
2 (3) =4
) (3) =5
a) (%)x =27
5) (})x — 64
6) (%) =256
N () =5
8) (2) =625
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Intelligent Practice

Find the value of x that satisfies:

1) 23% x2*3 =32
2)  2%% x 2%*3 = 64
3) 3%*x3¥6=81
4) 3%+2 x 3%72 =243
5) 2% £ 2%7°2 =37

6) 36X =3%5 =243
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Intelligent Practice

Find the value of x that satisfies:
1 2

1) 162 Xx2* =83
1 2

2) 81+ x3* =273
1 4

3) 25zx125% =52

1 2
4) 27:x3% =03
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Fluency Practice

Repeat addition Index problems

1)  Simplify
a)3°>+3°+3° b)3Y +3Y +3Y c) 32V+4 4 32y+4 4 32y+d
d) 23 + 23 e) 23+ 23 + 23 +23 f) 23 +23 433+ 3% +33
g) 23+ 23433 h) 2% + 2% +2Y i) 2% 4+ 2Y + 2% + 27
j) 2323 + 26 k) 25 + 210 + 25 1) (2%)2 + 2%° 4 22%
2) Solve
a) 4% + 45 + 45 + 45 = 4% b) 45 + 45 + 45 + 45 = 43%75
C) 4% F 4% 4 4% 4 4% = 410 d) 43x+1 + 43x+1 + 43x+1 + 43x+1 — 410
E) 23x+1 + 23x+1 + 23x+1 + 23x+1 — 210 f) 23x+1 + 23x+1 + 23x+1 + 23x+1 — 410
g) 25x—2 + 25x—2 = 410x—-1 h) 25x+3 + 25X25x_2 = 410x-1
i) 43 4+ 43 = 2% )83+ 8% + 83 + 83 = 2%
]) 83 + 83 + 83 + 83 = 4% k) 83x+2 + 83x+2 + 83x+2 + 83x+2 = 2%
3) Solve
1 11 1 1,1 1 1 1 1
a)23+23=2—x b)2_3+2_3=2_x C)g+z+2=2—x d)m+m=27(x—_2)
3 3
e) (V2)" + (vV2) =2* f)V25 + V25 = 2% g) V45 + V45 = g¥
4) 23%72 4 23%=2 — 4¥+1 and 3*x(3* %)t = 33% find the value of x and v.
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Fluency Practice

— 22m+4

16°
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2 _

Find the value of m in each question

AN

~

1257 — 59m+3

Y4

35m-3

274 —
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Y4

57m-9

6

25

AN
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Fluency Practice

Find the value of x in each question
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice

(gfize)

N
9
) m@m&wi . Na&n

NAN@&W - \Mmﬁu

2p-r8) | gfig-rg

wlma&vw N mmAmHNv

NG ggng
() a9

glfigrg) g

mﬁwmvav&m

plg=0m)(g0en)
m?m:mvm?:v

L LUy

g(uwy)

(2T + ¢TT) (T

Z 10J 9ATOS G

oF =38 (9)

iz4 .
= ®)

:10JRINOTRD © INOYIIM d)eneAs]

c? .
—
—

—
|
—~

A~~~ o =M o
N

e <Hen

o0 o
—

— : (o] :
| |
)
o
~— ~—

M 0 F b~ ~— ~—~ ~~—

O
~

' om
| |
< Q

A~ Y~ Y~~~ ~  ~ o~
— ~

—
|

:10JRINOTRD © JNOYIM d)eN[eAr] "¢

ebede)dit o
mAm@&NVHlm&b

2(fiyy) )

R.x (fic_x J
%7 (,fig-7)¥9
y4z-"

f——— (9

Y (®)

fte9

. NA@.HNV g A@v

nAN.H@v AUV

p(g-22) X ¢(1-7€)

. ¢(rg) x 77

o(7T) X 2T

=T X 29 ()
2(§22) X ¢(7-22)

(q)

Ay Aprpduarg g

Ay Ajdurg T

so2IpU]

Page 88



Fluency Practice
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Purposeful Practice

(a) (b) (c) (d)
Write down the cube root of 27 Work out 35 — /441 Write down the value of 5° Simplify y°> X y*
(e) (f) (9) (h)
R -335 - C 25,4\3 5y 2
Simplify (x72) Write as a power of 2 Simplify (3a“b*) Simplify a >j;1
212 a
23
(i) i) (k) Q)
. . 3/ _4-/ 410 X 4x
Write 2\/7 as a single power of Evaluate (i) 2 Evaluate 8™ /3 — 41
2 9 46
Find the value of x.
(m) (n) (o) (p)
210 1 _ 49 = 16 x 82¢ Given that
_ Write 3= as a single power of 2
64 2" V4 gep Find the value of a. 9% = (27“)1/2 x 3P

Find the value of n.

find an expression for x in

terms of a and b.
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Fluency Practice

Al

Write 5° as a power of 25

A2

Write 8° as a power of 2

A3 Write 8% as a power of 4

A4 Write 8° x4’ as a power of 2

B1

Write 2 as a power of 8

B2

Write 4 as a power of 8

B3 Writev8 as a power of 2

B4 Express 3\/5 as a power of 9

C1 Express C2 Express C3 Express C4 Express
1
— as a single power of 3 1 as a single power of 9 1 as a single power of 2 37 +9* +15x27%as a power of 3
81 V3 w2
D1 Solve: D2 Solve: D3 Find the value of x if: D4 Find the value of m and » if:
1 [ 3 2
32x=g 2" =84x16° 94 x27" =813 6x12" =9* x 2"
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Fluency Practice
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Fluency Practice

|- Find the value of ...

|
1 1 J 0-25 125\ 3 I\ 5 T
. . . | . (-
a 1442 b 625§ ¢ 273 (E) e 0-012 f (64) g (64) he gl 0
2+ Find the value of ...
5 3 2 4

3 2 3 2 ) £ s 3

2 < 2 AW N\ T 27\ 3 3125\ 5 - =
a 162 b- 10003 ¢ 325 d- (E) e (ﬁ) f- (m) g (m) h- 625 1§

3- Find the missing values

o Ié%=64 b- %=25 ¢ (%) %% d(%) %% ¢ (%)é=25
Y- Write in the form 9" 5- Write in the form 64"
a- 8l b- 3 ¢ 21 d- 243 a 8 b- U ¢ 1o d 512
o* Find the value of x

X X+2 2X- | Ox-1
o 9%-3 b lo ¥ - ¢ 1256 =5 ¢ 27 6 =38l
. Ty : (2_45)5)(2:% g Ix ST g 3% 482y
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Fluency Practice

Part One - Consolidate

1)5% x 53 =5 4)b® x b3 =b’

2)573 = 53 =5 5)h™* - h=2 =R’

1
3)52 x 5% =5’ g)yz x y2 =y’

Part Two — Develop
1)y xy' =y> 4y +y =1
2)6%2 +72=09 5)h2 x h =1
3)50 x 57=5  6)yz x y' =y

Part Three — Enhance

1)% X V6 =6
2) 8% + 83 =g*
3) V125 x 5% = 25

9))? x Vb = b’

5) G/ )z =1’
6) y*

N
X y3 =y’
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Problem Solving

2 -3 3. _1 2
X< X VX x7T2 x3

Part Four - Investigate

1_

Here are seven cards: Assume that x is a positive integer greater than 1

Find:

Two different pairs of cards that when multiplied, equal x

A matching pair of cards

Two cards which multiply and give an answer that is on a different card also in the list!

The two cards who give the largest product

Finally— create one more card similarto above, and use three more from the list,

so that you can complete this sum:
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Fluency Practice

shifting bases (i)

use a calculator to work out the missing powers
(1) 8= 2?=47=64"

(2) 64 = 2? =47 =87

(3) 729 = 3? =97 =277

(4) 4096 = 2?7 =47 = 167

(5) 15625 = 5? = 257 = 1257

shifting bases (ii)

(1) 92 = 37 (6) 2432 = 37

2) 27 = 82 (7) 781252 = 57

(3) 162 =47 (8) 37 = 531441

(4) 813 =37 (9) 97 = 43046721
(5) 57 =625 (10) 327 = 33554432
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Fluency Practice

multiple writings

(a) use a calculator to work out the missing powers:

1) 92=37 6.) 2432=97 .
2)) 27=82 7.) 781252 =57 g’;":ps'?
3.) 162 =47 8.) 37=531441 625 = 5¢
4) 813=37 9.) 97=43046721
5.) 57 =6252 10.) 327 = 33554432

(b) write these as powers of two different base numbers:
1.) 81 6.) 4096 .
2.) 16 7.) 59049 g’z‘asf‘;péi-
3.) 10,000 8.) 0.001 625 = 252
4.) 2401 9.) 390625
5.) 512 10.) 1771561

(c) write these as a power of a power:
1.) 4096 examples:
2.) 729 46656 = (63)2
3.) 10,000,000 531441 = (34)®
4.) 15625
5.) 117649
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Fluency Practice
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Exam Questions
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Problem Solving

®+Rm|NRN|mR
@l.un.mlN.X.Nl—lm.X.

S+ X9 + ;X

X
¢+ +w

ZXg — zX
T €

ST + X8 + X
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Y+ X+ X

xp X T-x T+ (-2

(z+x) (§+x) (e+x) (z-2x) xpx
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Problem Solving

The power (q) is
negative

Think of a number
in the form p4
that could belong
in each of the
regions

The base number
(p) is a fraction

If you think a
region is
impossible to
fill, convince
me why!

The answer is

positive
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Problem Solving

The power (q) is
a fraction

Think of a number
in the form p?
that could belong
in each of the
regions

The base number
(p) is a fraction

If you think a
region is
impossible to
fill, convince
me why!

The answer is an

integer
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Problem Solving

The power (q) is The power (q) cannot be
negative written as a unit fraction

If you think a
region is

impossible to
fill, convince
me why!

Think of a number
in the form p4
that could belong p4 is a positive
in each of the
regions

integer
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Problem Solving
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2 Calculating with Surds

Page 113




Intelligent Practice

Simplify:

1) V2x+3 10) V10 x /8

2) V4x+3 11) 20 x V4

3) V5x+3 12) /20 x+/5

4) VJ6x+3 13) V20 x /10

5) V24 x+/3 14) V20 x /20

6) Vi2x+3 15) V20 x V40

7) V12 x4 16) V20 x V40 x /2
8) V11x+4 17) V20 x V40 x /3
9) VI0xv4 18) (V20 x V40 x V3)*
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Intelligent Practice

Simplify:
1) 2v2x+3

2) 2V4x+3

3) V5x2V3

4) V6x2V3

5) V24 x3V3
6) 2V12x3V3
7) 2V12 x 34
8) 2V11x3V4
9) 10 x 2v/4

10)
11)
12)
13)
14)
15)
16)
17)

18)

V10 x 2+/8
V20 x 2+/4
5120 x 3v5
5v20 x 3v10
5v20 x 320
2V/20 % 3v40
24/20 x 2140 x 2v/2
220 x 24/40 x V/8
2720 x 2v/40 x 2/8
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Intelligent Practice

Simplify:

1) V6++3
2) V6++2
3) Vi2++2
4) V12++3
5) V15++/3
6) V18=++3
7) V72+43
8) V36++3
9) V36++4

10)
11)
12)
13)
14)
15)
16)
17)

18)

V40 + V4
V40 + V40

V40 ++/5
V100 + /5
V200 + V10
V400 +v/20
V800 + V40
V800 + /40 + V2
V800 + /40 + /20
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Intelligent Practice

Simplify:

1) 2vV6++3

2) 46 ++2

3) 412+ 22
4) 412 +2V3
5) 6V15+3V3
6) 6V18+ 33
7) 2472 =343
8) 12v36+3V3
9) 1236 = 44

10)
11)
12)
13)
14)
15)
16)
17)

18)

20V40 + 44
20v40 + 20vV40
20120 + 5V5
10v/100 = 55

204200 + 10V10
40+/400 + 20v20
80800 + 4040
80v/800 + 40v40 + 2v/2
80800 + 40v/40 + 2v/20
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Fluency Practice

Multiplication Madness

Think of this like a normal multiplication table, just with terms missing everywhere. Fill in all blanks.

—V5| V2 —/6 2v/3|—V2 —2
3
V10 3v5 2v/15
16v/2 8v2
4
V7 V35 2v/14
2v/6
6 9v'2
-9/2)
4v/6 8V/3
—2v/5 —20
V2 2v/3 -24/3 V6
4
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Fluency Practice
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¢saJenbs uonesydiynw
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Fluency Practice

Multiplying, Dividing and Simplifying Surds

(a) (b) (c) (d) (e)
Simplify V5 x V7 Simplify V3 x V27 Simplify V10 + 2 Simplif V27 Simplify V2 x V10 x V5
implify —7=
3
(f) (9) (h) (i) (6)]
Simplify 2v3 x 4V7 Simplify v/5 x 8v2 Simplify 3v5 x 4V5 . 9/6 ~ +ag
Simplify — Simplify —
3v2 V3
(k) Q) (m) (n) (o)
. 10V24 Simplify V12 Simplify V28 Simplify V35 Simplify v/108
Simplify
5vV6
(p) (a) (r) (s) (t)
Express v90 in the form | Express V75 in the form | Express v125 in the form <200 4112
aV10 where a is an a3 where a is an a5 where a is an Simplify —— Simplify ——

integer

integer

integer
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Intelligent Practice

Simplify:

1) 2vV3+5V3

2) 2V3+5V6

3) 2V3+5V12
4)  2+/3+5V27
5)  2V3+6V27
6) 230+ 6v27
7)  2v30 + 63120
8) 6V30 + 2v120
9)  6V60 + 2v240

10) 6V6 + 2V24

11) 6V6 + 2v/24 + 5v/36
12) 6V16 + 224 + 5v/36
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Intelligent Practice

Simplify:
1 24/345V3
) =5
2V3+5V12
2) —5
2V3+5V27
3) -5
2) 5\/?/%2\/3
5) 10V27-43
2v/3
6 10v27-30V3
) —&m— 7
7) 10v/270+30v/30
2v/30
3 10v/120+30v30
) 730
9 10v/120+30v30
) 5030
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Fluency Practice

v

A
>

V27
+—>
SME + 80T

08/ + EN9
—>

]
SNT

'SP+ gD w0l
ay3 ul adeys punodwod ayj jo Jajawiiad
ayj pue A pue x Jo sanjeA ay3 puld

98% N — ZN9 + 9PE — 002N )
SAE +ZM9 + 0ZM + 81 ()
SN —0TM9 — 0T — SAE (P)
ZM — EMN9 + ZME + EMT )

1T+ 20— € — Z)S (@)

ENMGHET+EMT + G (B)
‘AJiidwis

09TMZ — 06 — 0T ME— (B)
ZIMNT+HEM—EMSB)
ZMOT — ZEM + 8N (3)

8YM+EpT—(P) 02N —SN9 (9)
OTM+ 0F ) (Q) 8N+ )€ ()

:pdns 9)buls e se ssaidx3

SME—SPT SO

LM — LMS + LT G)

EM—EM + EM )

M8 =M (P) SAL+SGpE— ()
EMT—EMOT () ZAE+ M (B)

1IN0 MJOM
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Fluency Practice

Adding & Subtracting Surds

1) True or False? Are these calculations correct?

a) V8 ++18 = b) V8 ++/50 = c) V12 ++/27 =
V2 + 32 =52 V2 + 5V2 =72 23 + 43 =6V3
e) V80—-+20= f) V125445 = g) V63++28=
8V10 — 2v10 =610 55 + 3V5 =85 W7+ T =TT
i)  V75-+108 = ) V180418 = kf  V72+2V8=
53 — 6V3 =43 10v18 + +18=11V18 6vV2 +  4V2 =10V2
2) Free Practice
a) V48++27 = b) /360 ++40 = c) V150 —v96 =
e) V20++40= f) Va8 —V12+27 = g V8+8=
i) Vi8++V18++32= ) Vo0+(2xV40) = k) V18+2V18 =
3) Extension
a) 2v24 ++/54 = b) 2v28 — V63 =" c) 2v32+2V18 = d) 2448 — 2v117 =

f) 24/180 — 2v/125 = g) 3V175 + 428 = h) 3v/500 — 3245 =

i) 2192 — 4475 =

V90 — V40 =
3v10 2V10 =10

d)

V150 — V54 =
5v6 3V6 =26

h)

)  2V18-+32=
5v2

d) +200-+32=

h) /45 ++/45 =

) 3v20-+/180 =

e) 350 —+/200 =

i) 2448 4 3v640 =
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Fluency Practice

surd simplification

1))

2)

3)

4.

5.

6.)

7))

8.)

9)

10.)

V2 + 32

V3 + 12
V20 + V125
V18 + 72
V45 + 120
V24 + 54
V243 — V48
V176 — 99
V539 — V275

V800 — V450

11.)

12.)

13.)

14.)

15.)

16.)

17.)

18.)

19.)

20.)

V80 + V125 + V180
V112 — V63 + 28
V245 — 125 + 20
V50 — 272 + /98
V135 — V540 + V240
V104 — V234 + V650
350 — V200 + 450
524 — 254 + 3v150
1020 — 380 + 2605

V198 — V1078 + V352
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Problem Solving

Pyramid II

Cut out the bricks below. Place the bricks in a pyramid shape
so that each brick is the sum of the two bricks beneath it.

W2 +V14T | V2-VT5 V3
2v/2 — /432 ~5V3 V3+ V8
—9V3 V18 + V48 | —3V3+ V722
2v/2 —V2 V48 | 12v2+8V3
5vV2 + V3 2(V3+v2) | —v2+3
V98 — /363 2v/3 V2 + V12
V2 V8 — V27 V27T +4V2

Page 136




Purposeful Practice

@

LN M| EN
8\ LZN
BOTM| SLM (4
R 8IN 8N
| Ep
oy 8o | zLp
(3
syM | 08N | 0CA LM | 2aap
SLM
GAET (a 00EM O
8r | 8IN e | p
ZEP
M6 (9 M (v

119412801 PappPE U MOo|aq SY214q OM] 3Y3 SI )d1ig Yyoe]

SpiwelAd pins

Page 137



Purposeful Practice
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Problem Solving
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Problem Solving
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Fluency Practice

Find the missing lengths & simplify your answers.

Pythagoras’ Theorem with Surds

Diagrams not drawn accurately.

A B C D E
A ’ J s ’ = ’
1 9
5 6 10 V12
F V63 ’_‘3 G : ; V123 H ' V140 )
V15 V48 : V110 V250 V70
K L M N 0 a3
3V5 V30 46 5V3 10/ \8v3 W2
Calculate the area.
45
14 Answers 3\/7 3\/5 5\/6 \/3_4- Zm 5\/5 5\/§
2V13 411 2v/21 5vV10 7V2 6v5 3V6
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Purposeful Practice

Averages with...

a)
b)
c)
d)
e)
f)

5v3
V3
2V12
227
2475
V243

4+/3
V108
4412
3V12

Surds

For each set of numbers find: (i) the mean, (ii) the median, (iii) the range.
Leave your answers in their simplest form.

63
V12

g)
h)
i)
j)
k)
y

V20 V20 /80
V28 /63  3V63
—/99  2v44 /11

0 —2V44 —4/44
V2 —J/18 /48

24/150 —2v54  2+/24

V320
47
444
Va4
V8
—24/96
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Intelligent Practice

Expand and simplify:

1)

3(4 +/5)
3(V5 +4)
6(V5 + 4)
6(V/5 —4)

6(4 —V5)

10)

11)

12)

13)

14)

15)

16)

17)

18)

V5(4 —V5)
2v5(4 —/5)
V20(4 —V5)
V20(V4 - V5)
V20(V6 —5)
V20(vV6 — V10)
V20(¥12 - V10)
V10(V6 — 5)

V10(V6 — V5 + V24)
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Intelligent Practice

Expand and simplify:

1) (V5+2)(V5+1) 10) (V7 +6)(v7 - 6)
2) (2++5)(1++5) 11) 2(V7 +6)(V7 - 6)
3 (2-VE)(1+V5) 12) (V7 - 6)(¥7 - 6)
9 (2= VE)(1-5) 13 (76
5 (2+2V5)(1++/5) 14) (V7-6)°

6) (V5+2)(vV5-1)
7). (V7+2)(V7-1)
8 (2v7+2)(3V7-1)
9) (2v7+2)(3V7 -6)
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Intelligent Practice

Expand and simplify:

1) (2++3)(4+V12) 10) (2v54-3)(V6-5)

2) (2++3)(4-V12) 11) (2v54 —3)(4V6-5)
3) (2-+V3)(4+V12) 12) (2v44 -3)(4V11-5)
4) (2-+3)(4-V12) 13) (3v44 —2)(5Vil-4)
5) (V3-2)(Viz-4) 14) (3Va4 —2)°

6) (Viz—2)(vV3-4)
7)) (V27-2)(V3-4)
8) (V27-3)(V3-5)
9) (V54-3)(V6-5)
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Fluency Practice

O @ G 6 e ® O

5%5

5><\/§

V5 x5

5%5/5

V5 x5v/5

5V/5 x5V/5

5(5+4/5)

V55 +4/5)

(®  s6+5v5)

5\/5(5 + 5V/3)

(D) 5V50/5+5/5)
(12 G+V/5HG+V5
(18)  G+VH5-V5)
(5+v35)6 +5V/3)
@ 5 +5V/5)5 +5V5)

W5 +5V5)0/5 +5v/5)
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Fluency Practice

(a) (b) (c) (d)
Simplify 2v5 + 35 Simplify 6vV5 + 5v5 Simplify 2v5 — 35 Simplify 7v/3 — 33
(e) (f) (9) (h)
Simplify 2v3 + 3v2 Simplify 7v10 + 3v10 — V10 Expand 3(6 + /5) Expand v2(7 —V3)
O) 6)] (k) m
Expand 5v2(3 —7) Expand and simplify Expand and simplify Expand and simplify
B +V2)(6 +V2) B+V7)(-V7) (4 +3V5)(2 —V5)
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Fluency Practice
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(Epr+ DS (Q) (EM+ S (e)
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pre—M @) prT+ M (3)
SM —egpz (P) EM —eprT (9)

ErMT— M (Q) EMT+EM ()
Aidwis
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Purposeful Practice

‘b pue d siabajul ay) JO sanjeA ay3 puly
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Purposeful Practice
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Purposeful Practice

generalising pythagoras surd families (i)

(2)

3)

3/ la
1
36

6
(o]

b

5

6 7 q
C
[] ]
4 5
C
7\14

b 5V10
5V10 7\14
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Purposeful Practice

generalising pythagoras surd families (ii)

b Cc

1421
10V15 J
46 642 155
a
a

(1)
2)
/,—] b | C
\/6—\/2 5+ \/3

21\7

N7 =1

V6 + V2 V5 -3 N7 + 1

3)
2 V10 - 8 ° V14 +2 c
.

V10 + 8 V14 -2 N2 + 4
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Purposeful Practice

find the missing length

(1

2aV(5a)

5+1\7

4ava

(2) (3)
b c
2+ 27 6 +\14
2N7 -2 6 —\14
(6) (7)
2cV(14c) —_ 6eV(2e) 8eve
d f

34— 4

4 ++34

9gVg
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Problem Solving

making numbers by multiplying two surds no calculator please
A (1) B+V7NE-V7)=7 B) (1) @B+bVc)3-bVc)=1

(2) (@+Vb)a-Vb)=3 (2) (8+bVc)8-bVc)=1

3) (a+Vb)a—Vb)=1 3) (a+bV3)a—bV3)=1

(4) (a+bVc)a-bVc)=4 :aannncjaf be (4) (@a+bV5)(a—bV5)=1  bcannotbe0

(5) (a+bVc)a—bvc)=5 e (5) (a+bv11)@a—by11)=1

can you make the other can you make 1 in at

digits in this way? least three other ways?

in more than one way?

(C) (1) (+Vb)(b-Vb)=6 D) (1) (@ab+Vc)avb-Vc)=5
2) (a+Va)a—-Va)=42 2) (@Vb+Vc)avb-Vc)=13
) =90 (3) (avb+Vc)avb—-Vc)=29
(4) =110 (4) (avb++c)avb—-+c)=38
(5) =420 (5) (avb+Vc)avb-Vc)=43
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Intelligent Practice

Rationalise:

Sl S Gl Gl Sle Fle

|

B

N

E

S

10)

11)

12)

13)

14)

15)

16)

17)

18)

Page 169




Fluency Practice

Simplify each fraction, leaving the denominator as a rational number. Any surds in the numerator should also be fully simplified.
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Fluency Practice

=l

Express each fraction below as either:
e arational number

e 3 fraction with a rational denominator, or

e asurdin simplest form

8

v8 V8 V8 8 8 8 B8
2 V3 V4 5 6 7

V8

V8 V8 8

e

V10 V11 12
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Intelligent Practice

Rationalise:
2
1) V2+3
2
2) 3+v2
2
3) 3-V2
7
4) 3-V2
7
5) 53
7
6) 73
N
7) 73
NH
8) 3
V5
9) =

10)

11)

12)

13)

14)

vl
|
w

&
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Fluency Practice

Q | Rationalise the denominator for: Answers Rationalise the denominator for: Answers
1 % 13 %
2 % 14 %
3 2_3§ 15 ?/;—_f
a4 2_33 16 i’gﬁ
> 5“‘3\/7 Y 75:2\</§§
7 % 19 75:/\/128
8 % 20 %:ﬁ
5 3
9 5 21 p—
10 % 22 %F
11 % 23 a-_\/zb
12 S5 24 a+Vb
J7-3 c+Vb
13 ﬁa 25 a;cf/?
14 = 26 atdVb
b+ ctevb
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Fluency Practice
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Fluency Practice

surds: rationalise the denominators

a) simple rationalisation b) harder rationalisation
" 5 0 T
o 5 I e
© 13;/2 ) 6 -:\?12
“ % @3 —5d3
® 8 O
© = ® L
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Fluency Practice

rationalise the denominators

3-13 4 +10
1 7
A 2 -3 (7) V10 =2
5+ 7 7 —3V5
2
@ 3+17 ©) 3++5
5+17 5+ 3V5
3 9
) 4 -7 ®) 5_2V5
7 -5 1+ 411
4 10
@ 3-+5 (10) 2 + V11
5) 9 — V11 (1) 8 + 410
4 — 11 V10 + 2
@ W3+ G
V13 -3 V12+4
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Fluency Practice
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Fluency Practice

r Y
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Fluency Practice

é Rationalising the Denominator
To rationalise these denominators we will multiply by one term.
A)2+\/3 B)5+«/2 C)\/§+3 D)6+\/2 . V5 +8
V3 V2 V5 V3 ) V2
V3-2 G)3+2\/5 H)\/E+3 1)3\/5—5 4 — 314
=7 5 vz V3 D—p
To rationalise these denominators we will multiply by two terms within a bracket
5 8 1 2
V2+3 1+v3 V5 -2 -3+4+42 V51
5v2 o) 3W7 R)\/3_+2 S)\/§+2\/§ . 5vV5 -5
)2\/3—3 5V3-4 V3-1 42 +3 )—1+2\/§
242 H3e s VZ_3V5
vz 3 473 \5 2
X) Work out the missing length. 5
Area
V3 -1 =25+ 5V3
-
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Fluency Practice
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Fluency Practice

(a) (b) (c) (d)
Write ¥108 in the form kv/3 | Write V45 4+ /20 in the form | Write V96 — /24 in the form Expand v2(5 + v/8)
kv's kv6
(e) (f) (9) (h)
Expand and simplify Expand and simplify Expand and simplify Rationalise the denominator
(7 +V3)(4—3) (5 +2v2)(6 - V2) (5 + 3v2)? and simefity fully
V18
(i) ) (k) O]
Rationalise the denominator V3+27 Rationalise the denominator (4 + \/E)(7 — \/E) =23+ kva
and simplify fully Express T and simplify fully Find the values of the positive
>+ 4\/§ as a single surd. \/§ 5 integers @ and k.
V3 2-3
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Fluency Practice

Al

Express \/E in the form a\/g
where b is a prime number.

A2

Express 4\/5 in the form \/; where
a is an integer.

A3
Express V175 — \/5 in the form

axﬁ where a is an integer.

A4
Express \/% + \/E in the form

a\/z where a and b are integers

B1
Expand (3+ \/g)(2 + \/g)

Give your answer in the form

a+ b\/g where a and b are integers

B2
Expand (2+ 3\/; )

Give your answer in the form

a+ bxﬁ where a and b are integers

B3
Show that

4+2V3)5-3)=14+6\3

Show clear working out.

B4
Show that

2+V8)9-32)=6+122

Show clear working out.

C1
Show that

12 45
Jas 5

Show clear working out.

C2

Rationalise the denominator and
simplify fully

9+243
NE)

C3

. 244200 .
Simplify giving your
J5-1

answer in the form a + b\/g

C4 A rectangle has an area of
\/% cm” and a width of 1+ \/g cm.
Calculate the exact height of the

rectangle, leaving your answer as a

simplified surd.

D1 Given that
(a+b) =49+ 124/p

Find the value of a and
the value of b.

D2 Given that
(1+\e)3+Ve)= f+445

Find the value of e and
the value of f.

D3 Given that

(5+3\/§)2=p+%

Find the value of p and
the value of g.

D4 Given that
(\/;+\/§)2 :54+y\/5

Find the value of x and
the value of y.
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Fluency Practice

gpr+8vp (1)
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Purposeful Practice
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Purposeful Practice
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Purposeful Practice
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Fluency Practice
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Fluency Practice

(9)
(r)
(s)

0 (25)

a

b+c\/?
9 7

+ :
V3-1 V3+1
\/§+3 1

VZ-1 V2

2
2

3+V2

).

69

(1)

1+V2+V3
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Purposeful Practice

Sequences with... Surds

1) Assuming that each pair of numbers is the start of an arithmetic sequence, find:
(i) the next three terms, (ii) the nth term rule, (iii) the 200t" term.

2) Assuming that each pair of numbers is the start of a geometric sequence, find:
(i) the next three terms, (ii) the ratio between the first and third terms,
(iii) the ratio between the second and fifth terms.

a) V2,
b) V2,
C) V2,
d) V2,
e) V2,

3v2
V32
2
1

2 +/2

f)v/27, V108
g) V48, V108
h) V3, V108
i) 6, V108

) —V75, V108
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Problem Solving

Show clearly that the mean and median of

\/§, \/ﬁ, \/E and \/ﬁare equal.

Simplify

1 : 1 ! 1 ! 1 . if ! 1 !
+2 +3 4 +5 6 +7

Complete the multiplication table.

X

2J6 |J6-2
wWe+e| 1

On the number line shown below, a is a number between 0

and 1, and b is a number between 1 and 2. Mark possible
positions on this line for

\/E, \/E, az, b2 and\/g

J : 12} ﬁ

These triangles all share a rather wonderful property.
Find the shorter sides and you'll see!

Can you find other triangles with this property?

Find the sum of

4+ ——+and to + e
\/T+\/§ \/§+\/§ and so on up to \/®+\/1—00
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Fluency Practice

powers of surds

what are the surd square roots of these surds?

(1) 9+4V5
(2) 25+ 4 21
3) 7-4V3
4) 8+2V7

(5) 36— 10V 11

what are the reciprocals of
these surds?

(1) 2++3
(2) 5-2V6
(3) 3+2V2
4) 7-4V3
(5) 8+3V7

try to find some other
examples

(6) 36+16V2

(7) 49+20V6

(8) 29-12V5

(9) 52+16V3
(10) 64 -24V7
what are the cube roots of
these surds?

(1) 26+ 15V 3

(2) 7-5V2

(3) 38+17V5

(4) 54-30V3

(5) 93+ 11V2

(11)
(12)
(13)
(14)

(13)

no calculator please

1M1+4V6
8-2V15

18 — 12V 2

55 + 30V 2

42 — 24N 3

what are these in surd form?

(1)
(2)
)

(8+4V3)~%

(9+6V2)~ "%

(15— 10V2)~%
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Purposeful Practice
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on+xm\/NINxAuv
T +XGM =GN —x€ (q)
Z+xgph=¢gpe(e)

JEIB[e]|
1sa|dwis s3I ul Jomsue JnoA bulalb ‘aA|0S

laquinu
swud e si [ pue uabajul ue s| 9 auaym

S]-2
S +aez
PMT

DPAS

‘Jaquinu swd e si p jeyy usal (e)

10 Jojeulwousp ay3 asijeuoney (q)

JO Jojeulwousp ay) asijeuone.

'slabajul aie p pue D USYM USAS sAem|e

st (OSMP — 8M2) TN 18Ul Moys (q)

‘s1abajul

aJe g pue v jeyy usAlb ‘G jo sjdpinw e
sheme s| 22

|e sl N + ,DGZ A eyl moys (e)

SYA+TT 0ZM+¥T SM+LT 02

2duanbas ay3 Jo wua3 Yyu aya pui4 (q)

FATA 1A A

9ouanbas ay3 Jo wua) yju ayy pui4 (e)

‘P pue 2 Jo sanjeA ay3 pul
‘PACT — 6€ = (PN — 2) 3eu3 uaAID (9)
‘A pue x Jo sanjeA ayy pul

ZMOT — £ = (XM — G) 1ey3 uBAID ()
"q pue v Jo sanjeA ayj puly N\E + /1

= (oM + %) (DM + €) 312U3 USAID (B)

Page 211



Fluency Practice

integer

a surd in the form a+/x where a is an

For each question express the answer as

4
ﬁ+2\/§
V3

N

N/ I
@
S|y
|

N\ J

N D
o
S +
NS

AN J

3v/5

AN
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3 Algebraic Fractions
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Intelligent Practice

Simplify:
3
1) =
3x
2) =
3) 2
12x
4 =
5) 12x
6) 12x
6X
7) 12xy
6Xx
8) 6Xx
12xy
9) 10x
12xy

10)

11)

12)

13)

14)

10x
12xy?

10xy
12xy2

10x2y
12xy?

10x2y?
12xy?2

10x2y3
12xy?

100x2y*
120xy?
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Intelligent Practice

Simplify:
2(x+3)
1) 3(x+3)
2) 2(x+3)
(x+3)
(x+3)
3) 2(x+3)
x+3
4) 2x+6
5) (x+3)(x+4)
2x+6
6) (x+3)(x+4)
2x+8
xX2+7x+12
7) ———
2x+8
3) xX2+7x+12
(x+4)(x-9)
x2+7x+12
9) x2-5x—-36

10)

11)

12)

13)

14)

15)

2x%2+14x+24

x2-5x—-36

2x%2+14x+24

3x2-15x-108

2x%+14x+24

3x2+4x-15

14x—24-2x>2

3x2+4x-15

14x—24-2x>2

3x2—4x-15

14x—24—-2x>2

4x+15-3x2
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Intelligent Practice

Simplify:

) oD
) e
3 Ge
) e
5 T
) e

4ax?+8ax—5a

10

) 4a2x24+20a2x+25a2
14x—24—-2x2

11) ——
3x2+4x-15
14x—-24—-2x2

12) ———
3x2—-4x-15
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Fluency Practice

6x + 10
[a] 5

8x — 12
[b] ==

] 5x + 15
5

20x + 24

] =2

Q1 Simplify the following algebraic fractions.

21x + 14

[e] 7

8x — 12
I ¢

Ie] 5x + 20
8l 710

bx — 12
[h] =5

12x + 18

[l =5

. 8x — 28
[i] 15

22x — 44

[k] 33

18x + 45

[1] 57
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Fluency Practice

Q2 Simplify the following algebraic fractions.

N U I N
O I G e

5x + 10

X+ 2

X+ 2

5x + 10

dx + 24

X+ 6

X+ 6

4x + 24

[m]

[n]

[o]

[p]

2x + 6
3x +9

3x — 21

dx — 28

4x — 20

3x — 15

2x + 12

3x + 18
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Fluency Practice

dx + 8

R

5x + 25

[bl Ox + 45

5x — 40

€] 3 =24

3x — 15

[d] 5x — 25

3x + 12

le] 2x + 8

2x + 6

Q3 Simplify the following algebraic fractions.

[f]

2x — 14

8] 59y —¢&3

5x — 30

L] 7x — 42

10x + 30

2x + 2
Ix + 7

[i]

2x — 20
7x — 70

[i]

8x + 24

[k] 10x + 30

10x — 80

[kl /7x — 56

5x — 20
8x — 32

[m]

10x + 40
O9x + 36

[n]

8x + 96

lo] 5 T 108

dx — 24
6x — 36

[p]
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Fluency Practice

6x%+ S5x
X

[a]

2x — 7x3
X

[b]

5t2 — 4t*

[c]

Q4 Simplify the following algebraic fractions.

12x + 6
2x +1

[e]

4x + 8
X+ 2

[f]

6x + 10
9x + 15

[g]

6x + 9
8x + 12

[h]

4x* + 8x°

11 12x3

9x°> — 6x3

[i] 18:3

6x2 + 15x

[k} 2x +5

[ (x +5)
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Fluency Practice

Q5 Simplify the following algebraic fractions.

x*+ 4x

[al 2x + 8

6x3 — x?2

[b] 12x — 2

x + 3x?

€] =375«

x4 — 5x3

ld] 6x — 30

2x2 + 6x3

[e] 6x + 2

x4 — 4x3

[f]

x3 — 4x?

3x°> — 9x*

[g]

x4 — 3x3

4x3 + 8x?

[h] 2x3 + 4x?

i (x + 2)(x + 3)

dx + 12
5x — 20

i} (x + 5)(x — 4)

Ox + 27

[k]
(x + 3)(x + 2)

0] (x — 3)(x + 5)

(x + 5)(x + 4)
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Fluency Practice

Q1 Simplify the following algebraic fractions.

(x — 5)(x + 2)
(x + 2)(x + 5)

(x + 4)(x + 3)
(x + 5)(x + 3)

(x —1)(x + 1)
(x + 6)(x — 1)

(x + 7)(x + 5)
(x —9)(x + 5)

[a]

[b]

[c]

[d]

[e]

[f]

[g]

[h]

(x + 6)(x — 8)

(x — 8)(x — 2)
(x + 3)(x — 9)

(x — 5)(x + 3)
(x + 4)(x — 4)

(x — 4)(x + 6)
(x + 2)(x — 4)

(x — 4)(x + 3)




Fluency Practice

Q2 Simplify the following algebraic fractions.
(x — 2)? x—8

) el S 8p —2)
Wiy n
QU s
[d] x(x + 6)° [h] (x + 2)(x — 3)(x + 5)

x(x —9)(x + 6) (x + 5)(x — 6)(x — 3)
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Fluency Practice

x2+6x + 8

[a] X+ 2

x2+4+5x — 24

[b] X+ 8

x2—1
x—1

[c]

[d] X+ 4

x2—2x—24

Q3 Simplify the following algebraic fractions.

le] X + 2
x2—x—6
x?2—3x —10

[f]

X—5

) X+ 4

8 X2 ¥ 13x + 36
x2+8x—9

[h]

X+ 9
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Fluency Practice

Q4 Simplify the following algebraic fractions.

fa] x?+3x+2 re] x?+ 4x — 45
x2+5x+4 x2+4+10x + 9
x2+4x + 4 x? — 16

[b] x2+6x+8 LF] x2+7x + 12
x2+6x+5 x2—x—20

[c] — 8] —
x4+ 3x — 10 x-—7x + 10

rd) x2+4+2x—3 h) x2+ 15x + 56
x2—6x+5 x2+ 3x — 40
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Fluency Practice

Q5 Simplify the following algebraic fractions.

2x%2 — 18x
x?2—2x — 63

4x?% + 16x
x2 4+ 12x + 32

3x? 4+ 24x
x2+ 2x — 48

x2+ 7x

[a]

[b]

[c]

d
[d] 2x2 4+ 17x + 21

2x?% + 4x
2x2+ 8x + 8

[e]
2x2 + 8x
2x%2 4+ 20x + 48

6x2 + 40x — 14
6x2 — 2x

6x2+ 16x — 32
6x2 — 8x

[f]

[g]

[h]
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Fluency Practice

Q6 Simplify the following algebraic fractions.

3x2+6x + 3
x?—4x —5

2x2 + 19x + 24

[a]

[b] x2+ 4x — 32

2x2 4+ 15x + 25
x2—x—130

3x2 + 25x + 28

[c]

ld] x% — 49

5x2 4+ 28x — 12
x2+4x — 12

3x2 — 25x + 42
x2—12x + 36

5x2+7x —6
x?2—5x — 14

4x% + 40x — 64

[e]

[f]

[g]

(h] x? — 64
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Fluency Practice

Al Simplify
x+3
X +x-6

A2 Simplify
x+6

x> +10x+24

A3 Simplify
2x—18
x> —12x+27

A4 Simplify
x?=Tx
x*=2x-35

B1 Simplify

B2 Simplify

B3 Simplify

B4 Simplify

x? =49 x’—4 x2—-16 x* =36
x*+2x-35 X’ +6x-16 x?=2x-24 x*+3x—18
C1 Simplify C2 Simplify C3 Simplify C4 Simplify
x*+6x—16 x*=7x+10 x*+3x x*+4x-21
2x*—x—6 3x*—14x-5 5x2+19x+12 4x* —17x+15
D1 Simplify D2 Simplify D3 Simplify D4 Simplify
2x*—5x—12 5x*=24x-5 4x* -9 6x*—11x+4
2x*—11x+12 5x2—14x-3 2x* +11x+12 4x* +8x-5
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Fluency Practice

3x+6
4x + 8

12x+ 4
15x+5

2x° +6
x2+5x+6

x2+7x+12
x3 + 4x?

x?—T7x+ 10
2x3 — 10x2

x?>—2x—8

x2—6x+8
x> —-5x—6
x2+5x+4
8x2 — 24x
2x2 + 4x — 30
3x% —3x—18
3x2 —9x — 30

12 — 4x
9 — x2

x?>—16
3x3 + 12x2

2x%> -8
2x2% — 4x

x®+2x—3
x2—1

x%—16
x2—5x+4

x> +5x+6
x2—9

x?+12x + 36
x%2—36

4x% —1
6x2 + 3x

3x3 + 4x?
9x2 — 16

2x%> —x—3
4x2 -9

9x% — 4
3x2—-8x+4

16x2% — 25
8x%2+2x—15

6x% —7x — 20

9x2 — 16

Page 245




Fluency Practice

y7v 7€ Xy~

592 + 929 321 - ¢29 eX2 + X221 - X8~
(0) (u) (w)
29 XG X
pGl ~g2€ @  yXOE - gXGl + ,X01 () XE + X + X8 (1)
X X 9
XL~ ¢XE ([ XG + . XE EE€+X2T + . X6 )
él Gt L
Xfp -2+ M8 Q) G2 +20] © ¢U0L - WL ()
G S ¢
02 + :XGE ) 2l = X6 8 +X9 (@

suonoelj oreaqagdre duimoroj oy Ajijdwig  :z uonsang)

4X02 9eObp 2X2 eIVE
MXN.H ) Nn_ucmm 8) ._wa 9] L.UN,H ()

Axz¢ ugt 29pQ09 9G

RXOb 5 UW9T ) Gy () ZAXZp

suonoej oreiqade Suimoroy a3 Ajidwis  : uonsany)
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Fluency Practice

91 - X
b+ XGl - X,

m+XO._”+NX
m¢|x¢+Nx

(M

8 + X{T + Nx

w|XN+NX

XN - Nx ﬁUu

(€ +x)(1 + X)x

X+ _X
4

=% @

om-mx
e + X0T + NX

(W

NﬂanNx
mH+xm+NX ()

Gr-xe- X
6+X9+ X

£-X2 - X

9-X-_X
¢ (w

T2l - X
XL+ 2%

O¢|XO+NX

8- Xg - X @

OH|XM+NX

Ol +XL=2% ()

m+x¢+Nx

¢+xm+Nx (e)

suonoej oreaqade Suimorioy aya Ajidwis 4 uonsanQ

(7 +x)
ST+ X2 +x)

(€ -x)(¥ - %)
(€-%)

NAm + X)X

(7 +X)(€ +x)(2 + X)

(W

(6 +x)(2 +X)

(2+X)E-%X) (9

(1-x)

(T+X)NT-%) (@

suonoelj orerqagde Suimog[oj ays AJijdwiis :€ uonsanQ)

(€+X)(2+X)UT+X)

(£ +X)
NAN + Xv )

(€ +X)

(€+X)(9+X%) @
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Fluency Practice

Question 5:  Simplify the following algebraic fractions

@) 3x2 +/x+4

x2+3x+2

() 2x2 +3x-2

2x2 -15x+7

(8) 3x% +5x - 12

12x% - 19x + 4

0) 9x2 _ 30x + 25
6x2 +Hx - 25

(b) x2-2x-8

3x2 + /X + 2
(&) 9x2_1
3x% - 13x + 4

() 3x%+11x + 6

9x2 + 21x + 10
() 10x2 - 23x + 12
4% + 4x - 15

) 5x2 -13x -6
x2-9

) x24+17x+70

B5x% + 38x + 21

(i) 4x2+x-3
4x2+9x+5

0 20x% + 21x + 4

16x% - 1
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Fluency Practice

Y+X6+,XC PT—XG—,X
J17oTee - - < =)
ZE—,XT ) 9—XL+,XS (®)

0E—X—zX ZT—Xh+ X
i S —_ < o)
SZHXST+,XT (P) Z1-X8Z+,XS ()

PI+X6+ X T+XE+,XT
THXL+,XE (@) 9+XL+,X (e)
Adwis

8—XZ+7X TZ+X0T+X
2 et —_- < o)
Y— X (P) XYT+,X2 ©)

CT—X+7X 9—XS+,X
e @ e @
Ajdwis

F-x)(T+x) OT+XL+7X
T+XZ+,X (P) (s+x)x ()

(T+x)(2+0)¥ (§=x)(z+x)
(T+x)xz (a) (s—x)x (®)
Aiidwis

L—X¥T XZ-9
= 7 =)
o W = ©®

ST—-X¢ XS
= @ i ©

(r-x)s X9

-~ 77 N e
r-x)xz (@) (6+x)x (®)
Ajidwis

PqD9 ZD8T
7 =)
2,9D9¢€ ) qpst (3)

ALT £x02
N\nmxo A_UV ANROH Auv

AT X8
Txp (q) Nx|¢ (e)

Ajildwis
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Purposeful Practice

tough algebra questions
(1)  simplify (a + b)? — (a — b)?
(2) expand (a-—b)(a? + ab + b?)

3) expand (i) (n—=1)(n2+n + 1)
({iY)(n=1)(n*+n2+n+1)

(4) show that (n + 1)(n + 2) + (n + 2)2 = (n + 1)(n + 6) is a perfect square

(5) if %2 (% (2a+b)+a—-3b)=%(a+2b) showthatb=7%a

" a’b +a
6 simplify S——<
6) imptl bZa + b

7 ; li k2—7k + 10
(7)  simplify e

e ?—8d+ 15
8 |
©) simelly g5

@ if a=t—% and b=t+% show that b2 — a2 = 4

show that a_ - %

. _ b
(10) if a= 575 T_a
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Problem Solving

Use the digits 0-9 (at most one time each) to fill in the boxes below so that the
rational expression on the left simplifies to the rational expression on the right.

% + z -+ T +
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Problem Solving

Denominator is 1
x24+6x+8 Equivalent to ")

If you think a
region is
impossible to
fill, convince
me why!

Think of an
algebraic fraction
which simplifies
that could belong Numerator is a
in each of the
regions

quadratic
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Problem Solving

Denominator is 1
x%2 +6x +8 Equivalent to v

If you think a
x+3 ..
x+4 T 7 132 region is
x2+6x+8 XA impossible to
fill, convince
me why!

x+1
x24+2x+1

Think of an
algebraic fraction
which simplifies

that could belong Numerator is a

in e.ach of the quadratic
regions
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Intelligent Practice

Simplify:
3
1) - X
2) I x
y
3) Ix
y
4) I x
y
5 = x
xy
6) X %
xy
7) LN
xy

v w

ol w

<L IR

S

olw

ol w

2|

1)

2)

3)

4)

5)

6)

7)

v ey Y
7xX . 6y
xy = 3 2)
7x 6y
xy X3 3)

7x? (6y
xy  \3
7x? (6y
xy  \3
7x? (6y
xy  \9

) 43/)
" 14
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Fluency Practice

qgp ST
N (a)
27 g254,P0¢
2,4qD DS
R NG (e)
POT 7D23,q D
rAjidwis
ZA7 Zq qL
— + (u) y+— (B)
X/ ANRN »g
DE qos IT X
—_— () — == (9
qot 4 A9 ¢
xz A1T S L
— = — (P —=—— (9
< XS X 2XC
€ S L €
— == (9) —=— (&)
A0T Xz X X
Aidwis
AS 8 6
Ax— (W) — X - (B)
eXT aoqv 14
X A a8 6
IxE @ Ex—=— ©
£7 ,x DE qo¥y
Xz IT S L
— X —(P) - xXx— (9
€e  Axs x Xz
Ag S S
— X — (9) —xX= (&)
0T xc X X
‘A dwis
QL7 A£x02Z
Rk () — (9
zA,X6 £,x01
q,;v8 2q2T
< (p) )
DS 2qv6
AZT X8
< (q) —  (®)
AXY XY

‘Al dwis
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Fluency Practice

x¥ x 0T+XS
X —— + (p)

¢T+X9 XZ—-9 7 X—X¢

XS+,X ZX€ ¢X9
X = ()
,XZ ¥ ST+XS

4 A9 Ay

o—fs \mmlm\mxu (9)

0T xS Xy+,X
-~ X (e)
H+x@+5m NRN

ANy AJiiduwais

91—-X¢ X8—zX

=k T 9-xs (4) T ©
Mw BLANG “x e ©)
2 xZZ (g D22 (o)
:Alny Ayiiduais

LT () e X ()
RNMBS - me (P) M X ¢+u\$ (2)
Z_xZl @ D x o ()
:Alny Ayiiduas

Q+Mam . Mrmx () GMHVR . me ()
Q+M5N - MMM (P) xMN X chNvo (2)
QM@« X Hma (a) ANMQN X NMR (®)

ANy Apjdwins
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Intelligent Practice

Simplify the following as far as possible:

1)

x—4

" x24x+20

Simplify the following as far as possible:

2
x2—4x+3 3
1) X
4x x2-2x+1
x2+3x—4 3x
2)
7x X2+7x+12
x%-2x-3  x?-7x+12
3) -
2x 3
2 2
X%+4x+3  x%4+3x+2
4) =

3x 5x

Simplify the following as far as possible:

x2-2x+1 x24+4x+3

1

) xZ-1 x242x-3
x2%44x-5 x2-x-2

2) 2 2
X4—x—2 xX“+6x+5
x2+4x-5  x2+10x+25

3) 2 2
xX“+x—-2 xX“+8x+15

2 2

x%+x-2 x%—4x+3

4) =

x2-2x-8  x2—-6x+9
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Fluency Practice

UmO.HN m >oX NN NDU m
299 29,091 Z X Ax 9 X 79q.02
(0) () (wr)
DG g€ 292 .M 2D o)
q9 < ;b2 mg1 X 9 5 X qo
¢ W) £ &) 0
X D de As Am €
D XX Xy < X9 RO
X8 Ag G v M 6 > L
ke ™ xp p M 7 bOT 2 7 vE
8 DG 9 o) 14 A
MG Xy o g X o¢ @ A XXz ®
‘uonoely payiduis a[3uls e se 3uimo[[oj ay3 ssaldxq :z uonsan)
2 2/ A A VA G
S A A £ 2
G " 99, X XX Xg X xz
mooy LA s 2
A X x Xe 2 L @ x ' x @
8 8 d 2 b L
8 8 4 . = 2 L
P ™2 LS. 2 7 PE
D X % o) Y b
e XM p D X ¢ (@ €t X7 ®

‘uonoety a[3urs e se Suimoq[oy ay3 ssaadxy :T uonsany)
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Fluency Practice

G- XET + ;X9 Ge - X G2 - X
(013 Xmlxw+NXm Gz +XOT + . X * 9-X+ ,X
(0) (u)
b+ X o+xm+mx 2+X 174
N+XXw-xm+Nx l X©+xm+Nx
(w) )
8 ¢-X 2 X8 + X Gl
xz-.x " ¥ or < g+x
&) 0
L+X I-X¢ 1 8 + X2 I+X /- X
m-xox 14 ¢+xx m|xx I+X
M (w 3)
G+X ¥ - X € [+X €+X
X X X
2- X ¥+ X I+X 2 +X¢g ¢ I
(3) (d) (p)
X ar L+X Z 14
G CTex 9 ~ e-x < Tx

)

(@) (e)

-arqrssod j1 Ajiduars ‘uonoely a[3uis e se SuIMo[[oj 9yl ssaadxy :g uonsang
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Fluency Practice

3 ><3x+3
2x + 2 4
5 2x+ 4
X
3x+6 3
4x — 12 1
X
5 2x—6
2x+8 3

7 % 5x+20

2x+5>< 2
6 6x + 15
3y 9 —6x

X
12 — 8x 5y

x2+3x+2>< 8
3 3x+6

x2+3x—10X 5
10 2x + 10

x2—9x 3
7 4x — 12

x%2+4x -5 2x%—14x+20

X
3x2 — 6x x%2 —25

To make each calculation easier we can factorise out binomial expressions (e.g. x + 2) from each fraction.

At which stage should we factorise out any integers or single variables?

3 3(x+1)
26+ D) 0 4

5 20 )
3C ) 3
4aC ) 1
5 2 )
3
X
7
2
6 X
+HC )

3 3
— X —
2 4
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Fluency Practice

Question 1: Express the following as a single simplified fraction.

(@) X+ 2 (b) @ . d (0 3.2
2 3 C 5 w a
(d €+ 3 () 3a . 6¢c () 4x . 6x
4 4 7 O 7
(g) 10x . 15x (h) ab . 2a () 4fg. f
3y Y 3 b h ~ 2h

Question 2:  Express the following as a single fraction. Simplify if possible.

(@) x-4 . 3x-12 (b) x+3 . x+1 () x+1 . 2x+2

8 2 X+ 2 X+ 2 2 3
(d) 3x+9+ X+ 3 (e) 4 . _3 () n . _ 3

2 4 X-2 x? -2x 4x2i2x  2x+1
(g) x+3 = X (h) x2 . 6x3 +8X2 (l) X + x+6

x+1 (x+1)2 7 X% -7x X+6 NG
() K

x2+7x+10. x®>+4x-5 () 14 . 7

2 4 x2-Bx+6 x2+3x-10

M x+4 . 3x+12 (m) x®-x ., x*-x

X+5H x?-25 X+ 2 x2 -5x-14
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Fluency Practice

Q7 Simplify the following algebraic fractions.

1 , 1
2x2+x —10  6x2+ 15x

[a]

1 , 1
4x2+ 11x —3  2x2+ 6x

[b]

1 , 1
2x2+5x+2  x2+ 2x

[c]

1 L1
3x2—5x+2  6x2—4x

[d]

4 L2
2x2+5x —3  10x2 — 5x

[e]

6 . 3
3x2+10x — 8 2x2+ 8x

[f]

4 1

le] 5x2 —19x — 4  3x2 — 12x

1 _ 9
4x2+ 4x — 15 4x2+ 10x

[h]
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Fluency Practice

Q9 Simplify the following algebraic Q10 Show that,

fractions. (x2—x —6)(x2—3x —4)(x2+5x) x

X34 7x2 + 12x (x2 — 2x — 8)(x2+ 2x — 15)(3x +3) 3
x% + 4x

[a]

x3 + 9x? + 8x
x2+ x

[b]

x2+ 7x
x3+ 11x2 + 28x

[c]
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Fill in the Gaps

Fill in the table. One row has multiple possible correct answers.

First Expression Second Expression Highest Common Factor Lowest Common Multiple
3x2y3 4x* x?
(x+3)*(y+1) x+3)x+4H+1) (x+3)°x+4Hy+1)
9x3yz 6x%y?z?
x2+7x+6 (x+6)(x+2)
x2—-9 x—3 (x+3)(x—13)
2x%y 2xy 14x2y3
292 =7y —4 3y2—11y — 4
5a’b 5a’b
1 10(x = 3)(x+2)(x—1)
12x3y? 6xy 36x3y%z
96ab? 24 288ab3
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Intelligent Practice

Simplify:
e URCR
2 5
, 11) %+§
X X
2) SH+=
6 2
3) il 12) o5t
2 5
6 2
g *_% B o5
2 5
6y 2
5) Z-2 14) o5tz
5 vy _ 2
6) ?x_g 15) 2xy  3x3
7) 242
X X
5 2
8 =t:
5 2
9 =T:
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Fluency Practice

T € 6
£ x Ax
oty @
€ X€ X
z + 5 + < (e)
Al dwis
X 72X ol qo
A
Q Ax X6 X9
woe @ T+ @
Ajlidwis
T g I (s
€ L I S
xg Ax X X
——— 0 T4 @
X £x Xz X
P OB =S )
£ [ x X
- @ st ©®
rAjdwis
2w L2
XS XY Xz Xe
6 S ¥ €
P + s () T = (®)
A€ WA )
X X X X
8 € 9 S
polle plow (g) polle (e)

Ajlidwis
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Fluency Practice

-4+ ———— (P)
¥ T T L
X§  +x  x 2)
¥ T € T S
6 z €
214 stk T4z (@)
S r4 ¥
e
X+¢€ + 1—Xx + Z+x (®)
Ajiidwis
I—-m S+m 1-A7 7—A
— = — (P) — ()
¥ 9 € r4
€—X I+Xx €+ Z+D
——— (9) —— — (®)
r4 S 1 ¥
Aidwis

r+X¢g 1—X

= + e (P) - + 5 (2)
m+% H+% ¢+Xx X
= t=7 @ =tz ®

Aidwis
2 2y ' _ 2 (s)
IT+m  m-6 ¢—xX  §—X¢
€ 4 8 74
oy ey 55 o
q 4 14 €
ey by AL el e
Aidwis
€ 9 %4 6
Zom + am (4) — + P (®)
174 4 q 9
xz + Srx (P) P + — ©)
Z q € Z
etz @ T

Ajjduwis
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Fluency Practice

Q1 Write the following as a fraction in its

simplest form.

[a]§+§
[d] 75+

8l =%
] 2+ 2

Q2 Write the following as a fraction in its

simplest form.

[a]i+g
X x
3

[b] — —
X

)
= R |o
|

><|.[> ><|-l> ><|N

[d] — +

=

[e] §+i

X 2x
0~
bl o+
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Fluency Practice

Q3 Work out the following.

3 5
[a] — + —

X X

6 2
[b] — + —

X X

4 3
[c] —

Xy X

10 8
[d] —

Xy XyZ

fe] = — —
x?>  2x%y
1 2
fl — — =
“ab2 b
2 1
[813—+¥
8 3
[h] — + —

[i] = + 2
3s s’

] 3 2

J uv? uv
3 2

k] — — —
2r 3st
2 3x

| — —_—

[1] = + 5
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Fluency Practice

Q4 Work out the following.

Q5 Gemma says that,
Z_x
5
Why is Gemma wrong?
Work out the correct answer.

3x

1

X
7

Q6 Find the value of,

X, X X
2 3 6
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Fluency Practice

Q7 Write the following as a single fraction in its simplest form.

X+ 2 X x+1 X+ 2
[a] = +3 [e] S T T2
X +5 2_x x+8_x+3
4 3 2 9
(€] +5+x+2 []3x+2+5x—4
2 5 T 6
x+1 x—1 3x +1 4x — 1

[d]6_7 [h]6+4
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Fluency Practice

Simplify the following as far as possible: Simplify the following as far as possible: Simplify the following as far as possible:
6 2 1 1 2x+1 xX—5
5 *s L V) T =
6 2 x 1 11x+27 3
2) 2xy + 3x 2) x%2-4  x-2 2) 2x2+11x-6  x+6
6 2 3) x 1 Challenge: Express the following as a
3) 2xy 32 XP-x=2  x-2 fraction in its simpl :
plest form:
3 2 4
x—3 1
6y , 2 — + +
4) %‘F@ 8 oom x—1 x+1 x-3
x—3 2Xx
5) Y 2 5) xZ-x—2 x-2
2xy  3x3
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Fluency Practice

Express as a simplified fraction

Answers

1 4 2
x+3 x+1
2 4 2
x+3 x+1
3 4 2
x+3 x—1
4 4 2
x+3 x-1
4 2
5 | —4 =
x-3 x—1
6 4 2
x-3 x-1
7 4 2
3x-5 1-7x
8 4 2
3x-5 1-7x
9a d
bx+c = ex+f
102 ¢
bx+c ex+f

Page 297




Fluency Practice

adding/subtracting algebraic fractions (simplification)

(1)

4dm + 1 . 1-3m
4 3
4dm -1 +5—6m
4 6
3m+1  4m -1
3 4
3m + 2 +2—4m
6 8
3d+4  8+6d
2 4
6d—4  3d-2
8 4
6d+2 15d+5
4 10
3d-9  2d-6
9 6

©)

(10)

(11)

(12)

(13)

(14)

(19)

(16)

3k — 4 2 -k
5 2
6k -3 34k
4 3
3k+2 4k +2
3 5
4k-7  4k-9
6 7
3f-4  2f-3
4 5
7f - 1 3f— 6
5 ]
7f+6  3f+ 11
5 ]
7f—11  4f+9
4 5
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Fluency Practice

2 +5
X+ 2

1
X+ 5

3 N 4
X+5 X+ 2

6 3
x+1 x—1

[a]

[b]

x
LS
2X

[c]

[d]

Q8 Write the following as a single fraction in its simplest form.

2 4
[e] —
x+1 X+ 2
5 9
[f] —

X+ 3 x + 11
g —2 2
g3x+2 5x — 4

2 5
h
[]2x+1+4x—1
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Purposeful Practice

Q9 Fill in the missing boxes so that each
block is the sum of the two below it.

x+5

Q10 Fill in the empty squares to make all
the equations in this grid correct both
horizontally and vertically.
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Fluency Practice

Q8 Simplify the following algebraic fractions.
1 , 1 2

[a]

: ~+
3x2+11x—4 3x+12 3x+1

1 L1 .3
5x2+14x—3 2x+6 2x-—5

[b]

1 , 1 1
2x2+4+5x—12 5x+20 4x+3

[c]

1 .12
6x2+x—1 9x—3 3x-2

[d]
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Fluency Practice

Al Simplify
x 3x
_+_
5 4

A2 Simplify
3x S5x

2 6

A3 Simplify
x+3 x-5

5 4

A4 Simplify
2x—-1 2

3 5

B1 Simplify

B2 Simplify

B3 Simplify

B4 Simplify

4 3 3 6 31 3 2
x—1 x+1 x+1 2x+3 2x—-3 x+2 x—1 x
C1 Simplify C2 Simplify C3 Simplify C4 Simplify
2 x—11 2 X 2 X 5 x+2
+ + + -
x—1 x*+3x—4 x+2 x*+5x+6 x—1 x*—4x+3 2x—6 x*—4x+3

D1 Simplify
b
(x+3)(x-2)

D2 Simplify
x4+x-6
+ _—
(x+d)(x-2)

D3 Simplify
5—-x
e
x —=2x-15

D4 Simplify

5—(x+2)+£

x’—4
x=3

Page 306




Fluency Practice

gI+2) 1THagtr 14w

2 q D

CIT2IT—g%C §—%  £—1¢

- +
xg T ¢
T—o% T— o
T 4
m+a+m\&+walﬁ\a
4 T T
-2 &—,r =«
¥ S 4
I E£+Ip— g2
€—T T+
ytIn 9-w—ga
¢ x
+x xe4.T
.€ n €T¢
4 q

EA_VQ
e )

5= -0

IR

e )
+
.&Nlmm‘w 3
X X
o+ +v\+ 1)
Q D
T+ r—g
: +e+
- ¢ c (1)
m\H
i +2 (8)
o+ q+x
T ()
¢+am|w+aN®V
I ¢
L-r ¢-=
c : (P)
g+r 1—-7%
: — b}
¢ c ()
v+x g-—=
: +
¢ c (q)
X X
I+T T (®)
S e

“Tomsue InoA Jurkjrdurs Ay ‘suorjoriy oreigeS[e SUIMO[[0] S} dUIqUIO) T
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Fluency Practice

1 1

- 1
+1 1+1+i

() —

1
|

3. Cancel the following to their simplest form.

(a) % + 3z
2¢ +6
22 -1
b) —m«——.
()x2+5az—|—4
(©) 22+ Tx—4
202 +9x — 5
Ag? — 8z — 12
(d) syt
2x2 — 2x — 12
Arx? — 7

12722 — 10wz + 27
2a%2% + a’x — 104>
2ax? — 2ax — 4a
1224 + 1723 — 522

923 — 252 '

(o) 2 1

o i 3

3+5+§ 2+4+§
22 +6x+8  2z+8

22 —4x+3 x—3°

mr? — tx — 27 L2 +2
3+x2—6x  3r+9

1222 + 10z + 2 1822 + 152 + 3

2¢ — 6 oxr — 15
202 +2r —4 4z +8
(k) T + :
3x° — 3z 9+ 9z
422 -1 222+ 523
O sm = 53 5 o1
202 —Tx —4 ~ 222 — 22— 24
6mz? + 197z + 107 62 + 15

3rad + 4rx? — Trnx 18z + 42

4. Find the value of the capital letters which make the following identities correct.

A B 5r + 2
(a) —+ =

r  x4+1  z(z+1)
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Fluency Practice

Q1
Solve the following equations.
X+ 3 X+ 4 X+ 2 7x —7
+ =2 + =6
a1 =, 5 el = 4
[b]x—1+x+3=4 [f] x+5_|_2x+3=2
2 6 3 4
x—1 x+1 X+ 3 3x + 8
C — =1 + =9
[c] 2 c le] — c
X+ 2 X+ 3 X+ 2 7x + 6
d + =1 =6
Ld] 2 3 L] 6 * 2
Q2
Solve the following equations.
3x +1 5x +7 8x —1 4x — 5
+ =2 + =3
[a] 5 c [e] - >
[b] 6x—1_3x+1=10 [f] 3x—2_|_5x+6=7
3 7 6 7
2x +5 3x +1 9x + 8 4x + 3
— =2 + =5
[e] = c [g] 5 c
[d]2x+4+2x—3=1 [h]2x+7+2x—8=5
7 2 6 3
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Fluency Practice

Q3
Solve the following equations.
2 4 1 6 _
[a]x+6 x+8 [e]Zx—7 x+4
4 2 1 4
= f =
[b] -5 x—8 3 “2x—5 x+2
2 4 5 2
= =1
el gt =772 el S 3t =6
3 2 2 5
= h ==
[d]x_l x—3 1 []5x+2 x+4
Q4
Solve the following equations.
4 6 6 4
=2 =
Bl Tt =7 el S 3t 35—
5 3 3 6
b = f =
[]Zx—6 2x + 6 []4x+7 2x +5
6 4 3 2
1t +3 8l ot 47
2 4 3 5
= h =
[d]4x—9 2x — 3 []2x—1 2x —7
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Fluency Practice

0 € 2 ¢ &y
92 A Wy 9
0 I € @ 6 W
r.m £,
®) XM 6 @ ¢ 9w
XE X9 X,
©) 176 @ ¢ 2 @

‘uonoely payrduwis a[3uls e se uimoj[oj ay3 ssaadxyg :z uonsand)

6 v & 2
(D ug ue &) we W 0
2.6 L, €
X | XE wz " w
0 (W 3)
6 4 € 2
) D D X X p
L V4 G ¢
—_— -+ =
() o 2 @ X X (e

‘uonoey payrduis a[3uls e se SUIMo[[0j a3 ssa1dxy :T uonsan)
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Fluency Practice

TRk Tex

S 1. o2 T
¥+ X G+ X ) €-X [-X%¢ )

2 G 2 €

€= ¢-x + 9+x @ 8="T+x *+ Gg+x ®)

suonenba Suimol[oj Y3 9A[0S  :G uonsany)

L% (@+X)L-X) Z+X)1+X)  T+X
2 T x1 (g Lex ToE g
1+ X¢E l+X I-X% I+ X2 G+X 2-X
+ - - X x + X
G+xe X g e BTN €t AT
I-X G+X €+X I+X I+X G+X
2 " ¥ R e t*t z
©) @ ®
‘uonoely payiduis a(3urs e se Surmorjoy oy ssaadxq  :f uonseny)
o1 9 £ o1 / £
XM|wI XIm ﬁD OIXNI Nnx.? 95 mnx - 8-X mc
9 2 2 G 3 2
- X - X X = ﬁ+Xm X = X
€-xe IrxE ) e W e LR
2 8 € 2 € P4
e-xzt p-x 1+x Ty-xg 0z-x T {T+xg
0 @) ®
14
+ € G . P4 b4 + €
L +X2 ¢2-XG ) €+X I+ X2 (@ I+X .V+Xo&

‘uonoely payidwis a[3uls e se 3uimoq[oj ay3 ssaldxq :g uonsand)
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1-x  (p+x)1-X%)
1=7¢ + 11
P+ X I+X
FETor T 2
¥ - X € - X
gl T tTz
0
©
(o
>
J
[
()]
>
Ll
__¢ _Oo
12 54 x ~ g+x
2 g
€] =

e-x * g+x

2+X - X

w ¢ "¢ *tT &g
p-x  G-X

(») e T g
- X I+X

(@ €277 vt Ty W

suonenbe SUIMO[[0] Y3 2A[0S 19 UORSANY)
o _ & v

TTex Teex
L .

(p) g-x T 17Xe

2 €
@ 3TTIex *gex
suonenba SuLmol[oj a3 2[0S :G uonsaNY
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Fluency Practice

[=—-—"" ()
[="-22 ()

y = mImRN . N+mkm Auv
="+ (@

=2+ (@

9A|0S

1= xmmﬁ - mHN+x )

V= Tﬂm + me (3)

S=Z+— ()

p=—t— ()

9=--2 (@ S=:+- (o
9A|0S

—=— (P —=— 0
L=—0o (@ z=— (©

9A|0S
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Fluency Practice

simplifying and using algebraic fractions

express as a single fraction:

(1) 4 _ 4
2x —1 2x +1
5 5
2 +
@ x -1 x+1

3 4
X b9
“) x+1  x+7
X X
) x-7  x—1
©6) x+1 3 X
x+2 x+1

solve the equations

7) % + x;5 =4
(8) x;1 + x;Z =3
©) %;1__x;4 - 3
(10) 5x7—2 3x4—4 .y
(11) % + 1;x =4

(12) x2—x1 x4’;3 -5
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Fluency Practice

solve the algebraic fraction equations (ii)

)

(4)

®)

o>

(7)

(8)

(©)

(10)

(11)

S11=

(N] =}
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Fluency Practice

solve the algebraic fraction equations (iii)

(1)

(2)

(4)

)

a 2 _
2 1 ]
4 3(b—6)
b+3 b-2
4 3
c+4 2c +1
3 + 4
d+2 2d -1
5 3 _
e+2 e—-1 "~
6 1
12f + 1 2f+1

6 —1 1
7 - 4 = =
™ g+2 3g-6 2
3 4
1 (8) T+h+2 = 1
4 2
1 © o7 Tez - 4
- (10) _k k=1 _ 1
5 k-1 k  ~ 12
2 2
(12) 24 6 - 5
1 n2+n-6 +n+3 n-2
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Fluency Practice

(1)

(4)

®)

algebraic fractions

solve

3x-1 xX+6
4 3

4x -5 7x —10
2 5

8x -5 4x +5
3 4

8x + 1 4x +7
3 2

12x — 1 X
5 2

past paper questions from WJEC

express as a single fraction
in simplest form

3 6) 7 3 4
2 x-3 3x +5
7x 2
7 +
4 " 2x + 3 3x -2
149 @ X - 2
12 x-3 X+6
1 (9) prove that
2 x+3 _ x-2 1 _ 19-6x
4 3 6 12
-4 (10)  show that the following identity is true
x+2 _ Sx-2 7 _ 32-13%x
5 4 10 20
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Fluency Practice

(a) (b) (c) (d)
o X(x=5) x2+2x x2-x-6 3x2-13x+4
S lify —— i ify ———— i ify ———— i ify —————
Implity —= Simplify 217110 Simplify Z16x18 Simplify 7 16
(e) (f) (9) (h)
Simplify x* « 3X=6 Simplify x(zx—l) Lx Write as a single fraction Write as a single fraction
x—2 4x x“+2x 3x x 2x 5x x
3'5 6 4
(i) ¢)) (k) m
Simplify fully Simplify fully Write as a single fraction Simplify fully
5 4 3 2 2x—1 + x+3 X 3
x2 ' 3x x+2 x-1 5 4 2x+4 x24+5x+6
(m) (n) (o)
2x— 5 3
Solve~+ZX=-=1 Solve 2&HD _ 8% Solve —+—=4
3 x+3  x-1
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Fluency Practice

Al Solve A2 Solve A3 Solve A4 Solve
3_x+3:7 x+4:11 5x—11:x 7x—16:2x_3
5 3 3 2
B1 Solve B2 Solve B3 Solve B4 Solve
x+4 x+10 x—2 x+4 x—10 10-x 2 3
23 35 10 3 5x—2 6x+1
C1 Solve C2 Solve C3 Solve C4 Solve
x—1 2x+3 2x-1 x-1 6x—1 5-2x 2x+1 x-5
—t =1 +—=2 - = +——=4
2 4 4 5 4 2 3 2
D1 Solve D2 Solve D3 Solve D4 Solve
: _Lzl 3 4 =2 3y =1 i+2;:3
x—2 x+1 x+2 x-3 x+1 2x-3 2x+1 4x -1
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Fluency Practice

= ) = 0
T2 @ 4 (@
Ajjdwis

HM& B ¢+N§ (P) Trmxm B H+N§ ©)
@t (@)
Aidwis

H+xM+Na X m+¢xm (P) H._.hx - Hlmmx ()
Ty @ X (@
Ajdwis

W ot ()
—+ W E+I @
T2 e ZI e

— -2 (@ 42 (@
Ajiiduis

220 W i ®
et ) fes @)
aXms @ ixgm O
Cx2 (@ “x< (o)

Ajjdwis
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Intelligent Practice

Make r the subject of %
Make b the subject of 3
Make z the subject of 3_16
Make b the subject of %

Make g the subject of S

7 _ 8 ; L _A_7
P 1) Make p the subject of Top 7 s
Give your answer in its simplest form.

0 _2

b c . 1 1 4z
2) Make x the subject of; 3 =

232 Give your answer in its simplest form.

y z

10 = 6 3) Makeath bject of — — =~ = =

0,6 ake a the subject of — — = ~

b ¢ Give your answer in its simplest form.

1 9

-+ = . 1 5 9

q r 4) Make a the subject ofz + =7

Give your answer in its simplest form.

5) Make a the subject of% + % =
Give your answer in its simplest form.

© aln
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