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F.4 Additional Mathematics

Tutorial 0

Notes and Exercise

Date: 

Basic Knowledge – Indices, Logarithms and Surds

A. Introduction

Additional mathematics is designed to test the ability to understand and to apply more advanced mathematical concepts.

Note: 1) Knowledge of topics in the current Mathematics syllabus is assumed.


 2) SI and metric units will be used in the examination whenever appropriate.


 3) Electronic calculators and mathematical drawing instruments may be used in the examination.

In the public examination, there are 9 main topics to exam, which are shown as follows:

1) Quadratic functions and quadratic equations

2) Trigonometric functions

3) Mathematical Inductions

4) Binomial Theorem

5) Coordinate Geometry

6) Differentiation

7) Integration

8) 2-D Vectors

9) Complex Number

Except the mathematical inductions and binomial geometry, long question in other topics occurs frequently every year. So, there is no doubt to familiar with every topic in order to get a distinction in Additional Mathematics. 

The key issue in succeeding additional mathematics is to practise. Practice makes perfect. It is undoubted that in these two years’ courses, much time is consumed in doing the exercises. Generally, this subject usually spends much more time than other subjects in order to get a distinction. However, in another point of view, it will develop your critical thinking as well as your presentation skills. Relatively, less time is spent on general mathematics. At last, hope you can enjoy the study in additional mathematics. You will find it easier if you like the “mystery of maths”!

B. Laws on rational indices

1. The LAWS OF INDICES are as follows: (you must remember it well)

	If m and n are positive integers, then 

	1. am x an = am+n              

	2. am / an = am-n               (a≠0 and m＞n)

	3. (am)n = amn

	4. (ab)n = anbn

	5. (a/b)n = an/bn                (b≠0)


2. We are going to extend the idea of exponents to zero and negative integral indices in such a way the laws of indices hold for all integral indices.

By the law am x an = am+n, we have

a) an x a0 = an+0 = an
  ∴ a0 = an / an = 1   if a≠0,

b) an x a-n = an+(-n) = a0 = 1

  ∴ a-n​​ = 1 / an      if a≠0.
3. Fractional Indices

By the law (am)n = amn, we have

         (a1/n)n = a1/n x n
              = a

∴a1/n = n√a
thus am/n = (a1/n)m =(n√a)m
also am/n = (am)1/n =n√am
∴am/n = (n√a)m = n√am
where m and n are integers and n≠0

C. Logarithms

Definition

If y = ax, then x = 1oga y
Properties of Logarithms are shown as follows:

	Loga MN = log Ma + log Na

Loga M/N = loga M – loga N

Loga Mn = n logaM
loga a = 1

loga 1 = 0


D. Surds

An irrational number that involves the radical sign “√” is called a surd. Not all the square root is a surd. For instance, √169 is equal to 13. However, it’s not a surd as it can be changed to an integer. 

Consider √2, obviously, it’s a surd in which its value cannot represent as an integer. Other examples are√3、√7、(√5)3
Normally, all the surds need to be expressed in its simplest form.

In order to express in its simplest form, we would apply the following techniques:

For a>0，b>0：

√(ab)= √a√b

√(a/b) = √a/√b
Example 1

a) √8 = √(23) = √(22 x 2) = 2√2

b) √p3q3r5 = pq2r√(pqr)
Exercise

a) √160

b) √(32pq) √(8p5q3)

c) √(2b5c7) √(9b2c6) √16b3
d) p2/(q3r) √(pq3r5)
It should be bare in mind that if a fraction consists of a surd form, it must not be present in the denominator. If it is present, try to convert it by the following technique:
a/√b = (a x √b)/ √b x √b = a√b/b

Example 2

a) √7/9 = √7/√9 = √7/3

b) √27√48/√3 = 3√3 x √(24 x 3) = 3√3 x 22√3 = 12(√3)2 = 36
c) √(250/8) = 50/(2√2) = (50√2)/4 = (25√2)/2
Exercise

a) 3a/(b2c) x √(ab4/c5)

b) 4 √1/24
c) (27x6)1/3(64x9y3)1/3
d) Express the following in the form of (a)1/n:

(1) 3x2√(2y)     (2) (pq2/r2) x √pqr7     (3) a3b2c9 3√(abc)
e) Let p=√2; q =√3; r=√5

Use p;q;r express the following forms：

(1) √24   (2) √72   (3) √150   (4) √375   (5) √(128/175)
E. The calculations in surd form

In the calculations of surd form, the basic requirements are the index and the base are respectively the same. For instance, 3√2: 3√ is index、2is the base. 
√2 and √5:same index and different base

3√3 and 5√3：different index and same base

2√3、 ½√3 、7√3etc are the same kind of surd form. It’s the only form for the calculations. Other different kinds of surd forms cannot add or minus directly.

Example 3 

a) √3 - 3√3 + 6√3 – ½√3

b) √45 + √675 - √75/6 + 23√5

c) 2x(√x)3 - √(9x5( + 4/x√x7 (x>0)

Example 4

a) √24√15√6

b) (√3 – x)( √7 + x)

c) (√2 + x)2
d) (√3x + 6)3
e) 7 – x2/ √7 + x

f) (2√5 + 4√7)(3√5 - 2√7)

Exercise

Solve the following questions (Express the answer in the simplest surd form)

a) 9√2 - 5√2 + 4/3√2

b) 3√35 - 2√140 + 20√5√7

c) 45√11 - √22√88 + 23√1331

d) √5√10√15

e) √56√58√60

f) 3√7 x3√91 x 3√56

g) √2(√50 + √20)

h) (5√2 + 4√7)(5√2 - 4√7)

i) (6√8 - 2√3)(2√16 - 14√3)

j) (√a + 3√b)(6√a + √b)

k) (5√x - 2√y)(3√x + 4√y)

l) (√(a/b) - √(b/a))2
F. Rationalization
In section B, we have introduced a/√b = a√b/b. It’s the process of rationalization. Normally, since the denominator of the answer cannot express in surd form, we must multiply a suitable value in order to eliminate the surd form in denominator.

The common technique is to use x2 – y2 = (x + y)(x – y)

For instance,

1 / (√a - √b) 

= 1 x (√a + √b)/[( √a - √b)( √a + √b)]

= (√a + √b) / (a – b)

Example 5

a) (2√3 - 3√2)/(2√3 + 3√2)

b) √3 /[√(2x) + √y]

Exercise

a) (2-2√3) / [√3(2 + 2√3)]

b) √10/[3√x - x√3]

c) (3 + 2√2)/ [√2( 3 - 2√2)]

d) It is known that √2 = 1.41。Simplify √48/ (√72 + √32)

e) When 1/x = 2 - √2, find the value of x2 – 3x + 2 

f) Let x – 1/x = 1 - √2, Find the value of x2 + 1/x2
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