Aims

Indices

Use the rules of indices with whole number indices

2. Understand and use negative indices
3. Understand and use fraction indices
4.  Solve equations in index form
The number being raised to The power the base is raised
the power is called the base to is called the index or
D=
x’m
k This is called index or exponential form
4 N
The laws of indices n x% =
B ™Moy gt — Im+n . i — o
m o™ g =™ x 1
- (Im]n = ymn L] rl,ux = xn
. J N
Example 1

Simplify the following expressions:

a. 32x3*= 35
I B2

e. 2x*y? x4x X (x?y*)* =

Zx4y34x(x8y12): 8x13y15

b 47:45= 42

d. (23)° = 215

(353t%)?xs2t5
(52t3)4

(9s°18)s2t5 Qg8t13

581-12

- g8+12

= 9t



Example 2

Express the following expressions in index form

1 -3 4 -3
a. x_3_ x b. ;— 4y
1 1
c. 3Wx= 3X2 d. ¥x = X3
3
e. ¥Ya3= @+ . xi-17x46
: —

(x*-17x2+6)x2
=x2-17+6x2

Exam question

A curve is defined, for x > 0, by the equation y = f(x), where

-1 . :
(a) Express al 5— in the form xP — x9, where p and ¢ are integers. (2 marks)
X

x5 - x-3



Solving equations using indices
Example 3

Solve the following equations for x:

a) x7=6 (x%)zzéz b) 6x5+1=0
x=36
: 23 4,3 o
o =16 (X3)=16 6) Lxi-Ixi=0
x=+64 45x:-5x3=0
Ix3-x2=0
x#(9-x%)=0
(x#)(x%)=x2 x¥=0  x=0, x=9
Example 4

Solve the following equations for x:

J 47— g 5 3+ = 2753
(22)1=23 3reiz(33)3
22(x+1)=23 3Ix+1=33(x-3)
2(x+1)=3 x+1=3(x-3)

2x+2=3 x+1=3x-9
x=1 10=2x

2
x=H



1 (a) Simplify:

{1 mark)

{1 mark)

(1 mark)

1(a)() | x
m | L

(iii) | x*

Exam question

(a) (1) Find the value of p for which V125 = 57
Vv 125.

(ii) Hence solve the equation 5% =

(5% = B¢ 5%:51D

Bl

Bl

Bl

Accept either form

(2 marks)

(1 mark)




3 (a) Wnte down the values of p, g and r given that:

(1) 64 =8F;

1
_3‘?:
(11) 64

(i) 8 = 8. (3 marks)

(b) Find the value of x for which

8* 1
—_—=— (2 marks)
V8 o
3(a)a) | p=}2 Bl Condone “64=8"
(i) | {g=}-2 Blft Ft on “~p’ if g not correct
(i) | {r=) 0.5 Bl 3 | Condone V8 =8""
(b) 38_ =87"=8"" =9 OE M1 Uai.gg parts (a) & valid index law to stage
§'=8" (P]
> x-05=-2 oD x=-15 Alft 2 Fton ¢’s (g + r) if not correct
cfemsnrenneeenzesnessanssneznnesnsernaeereneanend e e o emeeomee p CACCERE COMTECE ansWer without workimg) |
ALT: log8'=logk, xlog8=logk. x=-1.5 (M1 Al)
Total 5

Surds

Aims
1. To be able to simplify surds
2. To be able to put numbers in surd form
3. To be able to rationalise the denominators of fractions

1, .
0.5 = —is rational

no

0.666... gis rational

0.2323... = = is rational
LT

Definitions o

e A number is said to be rational if it can be written as a fraction.

¢ All recurring and terminating decimals are rational.

e Anumber is said to be irrational if it cannot be written as a fraction.

« nN2,e, 5are examples of irrational numbers.

* Numbers that involve the ‘root’ V- symbol are called 'surds'. This includes cube roots, 4t roots
and higher.

Exact
When an exam question asks for an answer in ‘exact’ form, leave it as a surd.

1.414... is an approximation of /2, no matter how many decimal places you use.




Surd Rules

Similar rules do not apply to addition/subtraction!

Va+b=vVa+vband Va—-b #Va—-+b

When you are asked to simplify a surd, or write a number in surd form, you need to write the number as a
product of two numbers, one of which is a square number.

Example 1

Write these numbers in surd form

vz= [36x2 = 6)2
vzz- [dx6 = 2]6

Simplify these numbers:

a) \."ﬁﬁ' 3\."5 =

b) V124++75=

Example 3

Expand and simplify:

Look for "square factors"

62+ 32 =902
213 +5(3 =73

a) V5(2+ V15) = ZJ—'F% = 25 +5J§

b) (3- 25)(++5)= 12 + 3/5 - 8/b - 2/2b
-12-5-10 =2-5H8



Rationalising the denominator

Fractions with surds in can be easier to deal with if their denominator is rational.
When we see a fraction with a surd on the bottom, we must ‘Rationalise the denominator’.

If it looks like this: Do this: We get:
ix— 3. V3 ﬁ:ﬁ
V3 V3 V3 3
- P 57
27 27T A7 14
3++8 3+\."§><E 3\/?4-\/16 :3\/2—+4:£+2
V2 vz 2 2 2 2
3 3 T+ 21 + 3\/3_
7-3 7-v3 7++3 49-7[3+7(3-/9
_21+3/3_21+33
49-3 46
?+»E ?+»Ex3—».§ 21 -75H +3/56 -5

9+3/5-3/5-125

_16-45_16-4/5_
o5 g 40




If it looks like this: Do this: We get:

Wizt | ar-i ai-s | 28 - 107 - 217+ 5
247 +5 2J_+5 27 -5 28 _ 25

(217)(2(7) _33-12[7_
_4[75-28 a— = 11-4J77

wi-nz | wi-ni 25-vi | 40 - 4{I0 - 14/10 + 14

2V5 +42 25 +42 EV{_—\E 20 2

(2/5)(2/5)

—4[75-20 _o4 1818ﬂ_0 3-70

1 Express each of the following in the form m + nv/3, where m and n are integers:

@ (V3+1)% 1+3+2]3 -4+2\|'3r (2 marks)
(b) _\[_Jr"l_ J_+1 4"‘2\,-3 2+B (3 marks)
* [3+1 - |
2(a) simplify (V12 +2)(V12-2). ' 12-4=8 (2 marks)
(b) Express V12 in the form m+/3, where m is an integer. 2\,-3 (1 mark)
(c) Express Wi n the form a + bv/3, where a and b are integers. (4 marks)

\ﬂ? 2 - 16+4\ﬂ__2 ~ 2+B

*2+2 8

3(3) Express (3 + Vv2)? in the form p +qV/2. 11+6\r2 (2 marks)

in the form m + nv/2 , where m and n are integers.

-+ \/5)2 (3 marks)

98  11-6J2 _98(11-6J2) _ 98(11-6J2) -
1+6/2 11-6§2~ 12172 49 - ezlalz

(b) Hence express




4 (2 Simplify (vV53+2)(v5-2).

1(a)

)

(2 marks)

(b) Express /8 + /18 in the form ny/2, where n is an integer. (2 marks)
( ﬁ)“ 55 a=1 M1 Multiplying out or difference of two
) B squares attempted
Al Full marks for correct answer /no working
\/E = 2«/3 : \fﬁ = 3«}6 M1 Either correct
Answer = 5\5 Al Full marks for correct answer /no working
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Find the values of x such that

2log,x — log,(x —2) =2
(3)
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Given that y =3x%,
(a) show that log, y =1+2log; x

3)
(b) Hence, or otherwise, solve the equation

1+2log, x = log,(28x-9)
A3)






image3.png

(a) Find the positive value of x such that

log,64 =2
2

(b) Solve for x

log,(11 — 6x) =2log,(x— 1)+ 3
©)
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(a) Given that
2log,(x—5)—log,(2x-13)=1.

show that x> —16x+64=0.
®)

(b) Hence, or otherwise, solve 2log,(x—5)—log,(2x—-13)=1.
2
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Logarithms Hexagonal Jigsaw

The three diagrams on the following pages will ultimately fit together
to form a large hexagon.

Before you start, the three diagrams must be cut along the lines to
make twenty-four equilateral triangles. For the triangles to be fitted
together, you must find two expressions that are equivalent to one
another.

To build up the puzzle, place the edges on which equivalent
expressions are written together, so that the triangles are joined
along this edge.

Begin by just finding pairs of matching expressions and placing them
edge-to-edge.

As you progress you will find that all of the pieces will eventually link
up to form a large hexagon.

By all means try this by yourself, but it is really designed to be a
group activity. Working with other students will help to highlight any
misconceptions you may have, as well as making the task more
enjoyable.

At first glance this may appear to be an easy undertaking, but you will
find it takes quite a lot of thought and errors can be made very easily.
Make sure you check each coupling, or you could be left with one or
two pieces that appear to fit nowhere.

© Susan Whitehouse & MEI, 19/02/07 1/1




















		Logarithms instructions.pdf

		Logarithms Hex Jig.pdf
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A13 e Simplifying logarithmic
expressions

Mathematical goals  To enable learners to:
e develop their understanding of the laws of logarithms;

e practise using the laws of logarithms to simplify numerical
expressions involving logarithms;

e apply their knowledge of the laws of logarithms to expressions
involving variables.

Starting points Learners should have some knowledge of the laws of logarithms as
applied to numerical expressions.

Materials required For each learner you will need:

e mini-whiteboard.

For each small group of learners you will need:
e Card set A - Logarithms (3 pages);
e Card set B - Odd one out.

Time needed At least 45 minutes.

A13-1
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Level of challenge: D






Suggested approach Beginning the session

Start with some ‘true or false?’ questions to reinforce previous work
on logarithms.

Possible statements could include:
log, 8 =4 log, 32 =5
log,s 4 = % log; 7 +log; 5 = log, 12

log, 30 —log, 5 =log, 6 log, % =3
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3log, 4 = log, 12 logs; 6 + log, 7 = logs 42

Learners could discuss each question in groups of two, three or four
and write their agreed answer on a mini-whiteboard which they
show on request. Ask them to justify their answers.

Working in groups (1)

Give each small group of learners Card set A — Logarithms. These
cards are triangles which can be arranged into a hexagon so that
the expressions on adjacent sides of the triangles are equal. Ask
learners to arrange the cards into a hexagon.

As learners are piecing the hexagon together, jot down on the
board any problems or interesting points that come out of their
discussions.

If learners find this activity easy, you could replace two or three of
the printed triangles with blanks so that learners have to write
expressions on them to create matching sides. Alternatively, they
could write expressions to match the sides of the hexagon.

For learners who find this activity difficult, you could mark or delete
the outer sides of the hexagon and/or the vertices that go into the
centre.

Whole group discussion

When learners have finished the activity, discuss the points you
have written on the board. Also ask learners to explain why they
matched certain sides, focusing particularly on the ones with
algebraic expressions.

Reviewing and extending learning

Give learners Card set B — Odd one out cut into horizontal strips. You
could give the strips out one at a time or all together. Ask learners,

Level of challenge: D

A13-2






What learners
might do next

Further ideas

working in pairs, to identify which is the odd one out in each strip.
When they have done this, they should write in the blank space as
many expressions as they can think of that are equivalent to the
odd one out. Discuss some of the possibilities by asking learners to
suggest an equivalent expression and then explain why it is
equivalent.

Using mini-whiteboards, ask learners to give possible numbers or
variables for the blanks in the statements below.

IogDD= 3
I + | =24
ogDD OQDD
I = |
[ OQDD OQDD

IogDD x IogDD =6

Solve equations such as ab™ = ¢ using logarithms.

The hexagonal jigsaws in this session can be adapted for many
topics such as brackets, simplifying algebraic expressions,
differentiation and integration, negative numbers, and
multiplication tables. The software for producing your own
hexagonal jigsaws is included on the DVD-ROM/CD in this pack.
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A13 Card set A - Logarithms (part 1)
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A13 Card set A - Logarithms (part 2)

® Simplifying logarithmic expressions
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A13 Card set A - Logarithms (part 3)
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A13 Card set B - Odd one out
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logaxy = logax + loggy

X

logq (;) = logax — logay

log,(x*) = klog,x

X
- logpx
log,x = l0g,a
1
log,b =






loga(x +y) =logyx X log,y

loge(x —y) = loggx + loggy

log,xy = log,x X log,y

X

log, (;) = log,x + log,y

” 1
l0ga(x¥) = (1) logax

000(5) = 155
?da  log,x

Give these cards to students in groups to decide which laws of indices are correct and which are not. Make use of
the fact that log,b=c is the same as a“=b to rewrite the problems and use autograph.

Mr A Slack
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		Platinum



		Use your knowledge to answer the two exam questions.



		Gold



		Solve the 5 equations using indices or logarithms, giving your answers to 3SF.



		Silver



		Correctly solve the 5 questions using laws of logarithms.



		Bronze



		Correctly put the 5 expressions into index form.
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Silver

		Question

		Solution



		Find the value of  in each of the following:

a) 

b) 



		



		Given that



find the value of 

		



		Given that



find the value of 

		



		Given that , express  in terms of . Give your answer in a form not involving logarithms.

		



		Given that 

 

find the possible values of 
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		Question

		Solution
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image1.png

7 (a)

(b)

(c)

1
Sketch the graph of y = 7 indicating the value of the intercept on the y-axis.
(2 marks)

. . s -
Use logarithms to solve the equation x= giving your answer to three significant

figures. (3 marks)
Given that
logg (h%) + 3 loggy = 3 4 Zloga(il—/)

express y in terms of ¢ and b.

Give your answer in a form not involving logarithms. (5 marks)






image2.png

(2)

(b)

It is given that n satisfies the equation
log,n = log, 3 + log,(2n — 1)
Find the value of n.
Given that log,x =3 and log,y —3log,2 =4:
(i) express x in terms of a;

(i) express xy in terms of a.

(3 marks)

(1 mark)

(4 marks)
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		Find the value of  in each of the following:
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		a) 
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find the value of 

		



		Given that



find the value of 

		



		Given that , express  in terms of . Give your answer in a form not involving logarithms.
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OR 
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 (
2
3
 x 2
5
2 x 2
10
2
-3
1
8
2
0
 ÷ 2
4
5
3
10
3
4
2
2(4
3
)
) (
81
¾
3
3
 x 27
0
729
½
9 
1.5
3
19
 ÷ 3
16
(9
-2
)
-1
) (
(3
2
 + 4
2
)
-½
25
-3
 x 25 
2.5
5 x 5
2
 x 25
-2
625
-¼
5
3
 x 5
2
5
4
5
7
 ÷ 5
8
) (
1
3
 x 1
4
250
0
3
0
 x 3
1
 x 3
-1
10
6
 x 10
4
100
5
  
1250
0
2
0
 x 10
2
 x 100
-½
3
4
 x 3
5
27 x 27
2
) (
2
1
 x 4
0
 x 4
3
 x 4
-2
4
2
 x 4
2
2
5
4
5
 x 4
-3
 x 2
-1
(8
½
)
2
4
3
 x (2
2
)
-1
64
½
 x 8
0
) (
1 x 10
6
10
4
10
-2
 x 10
4
100
1
 ÷ 10
0
10000
½
100
0
 x 1000
2
10
4
1 x 10
5
 x 10
-7
) (
36
2
 x 6
-6
36
0
36
-
½
1296
-½
(216 ÷ 6
2
)
-
2
36
0
6
2
2.16 x 10
3
7.776 x 10
4
) (
(8
⅓
)
½
2
^(
2
0
 x 2
-1
)
2
2
 x 2
4
2 
5.5
2 x 10
1
2 x 10
½
2
-5
 x 2
½
 x 2
5
2 
1.5
 ÷ 2
) (
Which box is the odd one out?  Circle the box you think and then justify your reasons in the empty box.
)
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Write as many expressions as you can that

What is the value of \/(—2)? ?

involve indices and are equal to 8. Is it -2 or 2?

eg 22 x 42 =+ 23

Justify your answer.

Why is there only one answer?

-+

Arrange the digits 1 - 6 to make the sum:
a) as large as possible
b) as small as possible
c) have a total of 122

-+

Let us denote 31°° by M. Express each of the following in
terms of M.

a) 3101 b) 3100 2. 31014 3102

c) 3% d) 9100

a. What is the last digit of 7212 Explain.

b. What are the last two digits of 72112 Explain.

find the six solutions to each of these questions:

(n2=11n + 30)
(1) (n2—5n +5) = 1

(n?2—13n +42)
(2) (n2—7n+11) = 1

what would the next question be?

Problems collated by @mathsjem. For sources see resourceaholic.com/p/problem-sets/html.
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		Multiply and Divide		Brackets		Negatives		Fractions		Exam

		Easy		Easy		Easy		Easy		Easy

		Medium		Medium		Medium		Medium		Medium

		Hard		Hard		Hard		Hard		Hard

		Extension		Extension		Extension		Extension		Extension

		Definition		Definition		Definition		Definition		n/a
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Write as a power of 3.
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Simplify
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Write as a sum of powers of x
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Write as a single fraction
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Write as a power of 
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Evaluate as a power of 2.
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Write in the form 
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Write in the form 
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Find the value of 
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Express  in the form , stating y in terms of x
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Simplify fully
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Simplify fully
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Write as a power of 3.

32 x 3°
34
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Simplify

n? x n®

n°
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Simplity

2n3 X 6n
4n®
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2n3 x 6n  12n* _2
4n6  4nb S
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Write as a sum of powers of x

5
x2<1—x )
26
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Write as a single fraction
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Simplity

(a*)?

a3
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Sim
plify

(n*)°
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