
1.1 Number & Algebra Toolkit

AA HL



1.1.1 Standard Form

Standard Form

Standard f o rm (so metimes called scientific no tatio n o r standard index f o rm) gives us a way o f

writing very big and very small numbers using po wers o f 10.

Why use st andard f orm ?

So me numbers are to o  big o r to o  small to  write easily o r fo r yo ur calculato r to  display at all

Imagine the number 50 , the answer wo uld take 84 digits to  write o ut

Try typing 50 into  yo ur calculato r, yo u will see it displayed in standard f o rm

Writing very big o r very small numbers in standard fo rm allo ws us to :

Write them mo re neatly

Co mpare them mo re easily

Carry o ut calculatio ns mo re easily

Exam questio ns co uld ask fo r yo ur answer to  be written in standard fo rm

How is st andard f orm  writ t en?

In standard fo rm numbers are always written in the fo rm a×10k  where a and k satisfy the

fo llo wing co nditio ns:

1 ≤a<10
So  there is o ne no n – z ero  digit befo re the decimal po int

k ∈ℤ
So  k  must be an integer

k>0 fo r large numbers

Ho w many times a is multiplied by 10

k<0 fo r small numbers

Ho w many times a is divided by 10

How are calculat ions carried out  wit h st andard f orm ?

Yo ur GDC will display large and small numbers in standard fo rm when it is in no rmal mo de

Yo ur GDC may display standard fo rm as aEn

Fo r example, 2 .1 × 10−5  will be displayed as 2 .1E−5
If so , be careful to  rewrite the answer given in the co rrect f o rm, yo u will no t get marks

fo r co pying directly fro m yo ur GDC

Yo ur GDC will be able to  carry o ut calculatio ns in standard fo rm

50  

50  
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If yo u put yo ur GDC into  scientific mo de it will auto matically co nvert numbers into  standard

fo rm

Beware that yo ur GDC may have mo re than o ne mo de when in scientific mo de

This relates to  the number o f significant figures the answer will be displayed in

Yo ur GDC may add extra z ero s to  fill spaces if wo rking with a high number o f significant

figures, yo u do  no t need to  write these in yo ur answer

To  add o r subtract numbers written in the fo rm a × 10k  witho ut yo ur GDC yo u will need to  write

them in full fo rm first

Alternatively yo u can use 'matching po wers o f 10', because if the po wers o f 10 are the same,

then the 'number parts' at the start can just be added o r subtracted no rmally

Fo r example  

( )6 .3×1014 + ( )4 .9×1013 = ( )6 .3×1014 + ( )0 .49×1014 = 6 .79×1014
Or  

( )7.93×10−11 − ( )5.2×10−12 = ( )7.93×10−11 − ( )0.52×10−11 = 7.41×10−11

To  multiply o r divide numbers written in the fo rm a × 10k  witho ut yo ur GDC yo u can either write

them in full fo rm first o r use the laws o f indices

Exam T ip

Yo ur GDC will give very big o r very small answers in standard fo rm and will have a setting which

will allo w yo u to  carry o ut calculatio ns in scientific no tatio n

Make sure yo u are familiar with the fo rm that yo ur GDC gives answers in as it may be different

to  the fo rm yo u are required to  use in the exam
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i)

Worked example

Calculate the fo llo wing, giving yo ur answer in the fo rm a×10k , where 1≤a<10  and k∈ℤ .

3780 × 200

 ii) (7 × 105) − (5 × 104)
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iii)
(3 .6×10−3) (1 .1×10−5)
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1.1.2 Laws of Indices

Laws of Indices

What  are t he laws of  indices?

Laws o f indices (o r index laws) allo w yo u to  simplify and manipulate expressio ns invo lving

expo nents

An expo nent is a po wer that a number (called the base) is raised to

Laws o f indices can be used when the numbers are written with the same base

The index laws yo u need to  kno w are:

(xy)
m=xmym

⎛
⎜
⎜

⎝

x
y

⎞
⎟
⎟

⎠

m
=

xm

ym
xm×xn=xm+n
xm÷xn=xm−n
(xm)

n=xmn
x1=x
x0=1
1
xm =x

−m

x
1
n = n x

x
m
n = n xm

These laws are no t in the f o rmula bo o klet  so  yo u must remember them

How are laws of  indices used?

Yo u will need to  be able to  carry o ut multiple calculatio ns with the laws o f indices

Take yo ur time and apply each law individually

Wo rk with numbers first and then with algebra

Index laws o nly wo rk with terms that have the same base, make sure yo u change the base  o f the

term befo re using any o f the index laws

Changing the base means rewriting the number as an expo nent with the base yo u need

Fo r example, 94= (32)
4=32×4=38

Using the abo ve can them help with pro blems like 94÷37=38÷37=31=3
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i)

ii)

Worked example

Simplify the fo llo wing equatio ns:

(3x2) (2x3y2)

(6x2y)

.

(4x2y−4)
3

(2x3y−1)
−2 .
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1.1.3 Partial Fractions

Partial Fractions

What  are part ial f ract ions?

Partial fractio ns allo w us to  simplify ratio nal expressio ns into  the sum o f two  o r mo re fractio ns

with co nstant numerato rs and linear deno minato rs

This allo ws fo r integratio n o f ratio nal functio ns

The metho d o f partial fractio ns is essentially the reverse o f adding o r subtracting fractio ns

When adding fractio ns, a co mmo n deno minato r is required

In partial fractio ns the co mmo n deno minato r is split into  parts (facto rs)

If we have a ratio nal functio n with a quadratic o n the deno minato r partial fractio ns can be used to

rewrite it as the sum o f two  ratio nal functio ns with linear deno minato rs

This wo rks if the no n-linear deno minato r can be f acto rised into  two  distinct facto rs

Fo r example: 
ax+b

(cx+d) (ex+ f )

=
A

cx+d +
B

ex+ f
If we have a ratio nal functio n with a linear numerato r and deno minato r partial fractio ns can be

used to  rewrite it as the sum o f a co nstant and a fractio n with a linear deno minato r

The linear deno minato r do es no t need to  be facto rised

Fo r example: 
ax+b
cx+d =A+

B
cx+d

How do I find part ial f ract ions if  t he denom inat or is a quadrat ic?

STEP 1

Facto rise  the deno minato r into  the pro duct o f two  linear facto rs

Check the numerato r and cancel o ut any co mmo n facto rs

e.g.  
5x + 5

x2 + x − 6
=

5x + 5
(x + 3) (x − 2)

STEP 2

Split  the fractio n into  a sum o f two  fractio ns with single linear deno minato rs  each having

unkno wn co nstant numerato rs

Use A and B to  represent the unkno wn numerato rs

e.g.  
5x + 5

(x + 3) (x − 2)

≡
A

x + 3 +
B

x − 2
STEP 3

Multiply thro ugh by the deno minato r to  eliminate fractio ns

Eliminate fractio ns by cancelling all co mmo n expressio ns
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e.g.   5x+5 ≡A ( )x−2 +B (x+3)

STEP 4

Substitute values into  the identity and so lve fo r the unkno wn co nstants

Use the ro o t o f each linear f acto r as a value o f  to  find the unkno wns

e.g. Let x = 2:  5( )2 +5 ≡A ( )( )2 −2 +B ( )( )2 +3  etc

An alternative metho d is co mparing co efficients

e.g.  5x+5 ≡ ( )A+B x+ (−2A+3B)

STEP 5

Write the o riginal as partial fractio ns

Substitute the values yo u fo und fo r A and B into  yo ur expressio n fro m STEP 2

e.g. 
5x + 5

x2 + x − 6
=

2
x + 3 +

3
x − 2

How do I find part ial f ract ions if  t he num erat or and denom inat or are bot h linear?

If the deno minato r is no t a quadratic expressio n yo u will be given the fo rm in which the partial

fractio ns sho uld be expressed

Fo r example express
12x − 2
3x − 1  in the fo rm A+

B
3x − 1

STEP 1

Multiply thro ugh by the deno minato r to  eliminate fractio ns

e.g.  12x−2 ≡A ( )3x−1 +B
STEP 2

Expand the expressio n o n the right-hand side and co mpare co efficients

Co mpare the co efficients o f x and so lve fo r the first unkno wn

e.g.  12x = 3Ax 

therefo re  A = 4

Co mpare the co nstant co efficients and so lve fo r the seco nd unkno wn

e.g. - 2 = - A + B = - 4 + B

therefo re B = 2

STEP 3

Write the o riginal as partial fractio ns

12x − 2
3x − 1 = 4 +

2
3x − 1

How do I find part ial f ract ions if  t he denom inat or has a squared linear t erm ?

A squared linear f acto r in the deno minato r actually represents two  facto rs rather than o ne

This must be taken into  acco unt when the ratio nal functio n is split into  partial fractio ns
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Fo r the squared linear deno minato r (ax + b)   there will be two  facto rs: (ax + b) and (ax + b)

So  the ratio nal expressio n 
p

( )ax+b 2 beco mes  
A

ax+b +
B

( )ax+b 2

In IB yo u will be given the fo rm into  which yo u sho uld split the partial fractio ns

Put the ratio nal expressio n equal to  the given fo rm and then co ntinue with the steps abo ve

There is mo re than o ne way o f finding the missing values when wo rking with partial fractio ns

Substituting values is usually quickest, ho wever yo u sho uld lo o k at the number o f times a

bracket is repeated to  help yo u decide which metho d to  use

Exam T ip

An exam questio n will o ften have partial fractio ns as part (a) and then integratio n o r using the

bino mial theo rem as part (b)

Make sure yo u use yo ur partial fractio ns fo und in part (a) to  answer the next part o f the

questio n

2 2
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a)

Express  
2x − 13

x2− x − 2
  in partial fractio ns.             

b)

Worked example

Express 
x (3x − 13)

( )x + 1 ( )x − 3 2  in the fo rm 
A

( )x + 1 +
B

x − 3 +
C

( )x − 3 2 .
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