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BASIC MATHS SUPPORT SESSIONS 
Session 2 - Basic Algebra Notes 

§ 1. Algebraic Expressions 
In algebra we use letters and symbols as well as numbers to represent quantities e.g. instead of saying that the cost of a drug is £25 we could say let the cost of the drug be £P where P represents a number.

Substitution e.g. if x = 2 and y = 5, find the values of i) 3 + x, ii) y – x, iii) 2y – 7 iv) y/x, v)
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i) 3 + x = 3 + 2 = 5

ii) y – x = 5 – 2 = 3
iii) 2y – 7 = 2 × 5 - 7 = 10 – 7 = 3 
(note that multiplication signs are often missed out in algebra, here 2y means 2 × y)
iv) y/x = 5/2 = 2½
v) 
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  = (10 + 20) /(10 + 5) = 30/15 = 2
Adding and subtracting like terms
e.g. 
2x + 3x + 7x = (2+3+7)x = 12x 


3z2 +10z2 – 4z2 = (3 +10 – 4)z2  = 9z2

5a + 10b – 3a + 4b + c = 5a – 3a + 10b + 4b + c = 2a + 14b + c

Multiplying and dividing algebraic terms
e.g. 
5x × 2y = 5 × x × 2 × y = 5 × 2 × x × y = 10 x y

-5 × x = -5x which is the same as 5 × -x = -5x
-5x × 2y = -5 × x × 2 × y = -5 × 2 × x × y = -10 x y

5x ÷ 10y  =  5x
=  x     


      10y
   2y

5x ÷ -10y =   5x   =    x      (we can cancel down the fractions)


       -10y        2y

3m × 4m × 2p = 3 × 4 × 2 × m × m × p = 24 × m2 × p = 24m2p 

(we are using indices to simplify our answer)


3q2 × 2p = 3 × q × q × 2 × p = 6qp = 3qp (we can also cancel letters)

     4q               4 × q                   4         2

Algebraic fractions
We use the same rules as for ordinary fractions.

e.g. 
y + y = 3y + 2y = 3y + 2y = 5y

2    3     6      6            6          6


5 + 6 = 5y + 6x  = 5y + 6x 


x    y     xy    xy         xy     

5 - 6 = 10 -  6  = 10 - 6 =  4   =
2            

x   2x   2x   2x       2x       2x     
x

5 × 6 = 30  = 15    

x   2x   2x2      x2
5 ÷   6   =  5  × 2xy = 10y  = 5y    

x    2xy     x           6        6        3
Multiplying out brackets

Brackets are used to group expressions together. When removing brackets, each expression in the bracket is multiplied by the quantity outside the bracket.

e.g. 
2(x + 3y) = 2 × (x + 3y) = 2 × x + 2 × 3 × y = 2x + 6y 


2(x - 3y) = 2 × (x - 3y) = 2 × x - 2 × 3 × y = 2x - 6y

If there is a minus sign outside the bracket, the signs inside the bracket are changed when the bracket is removed.

e.g.
-2(x + y) = -2x - 2y


-3(3a – 2b) = -9a + 6b

[Why does this happen?   -2(x + y) = -2 × (x + y) = (-2) × x + (-2) × y = -2x + -2y = -2x – 2y]

We can have more than one set of brackets.

e.g. 
2(x + 3y) + 4(3x - y) = 2x + 6y +12x – 4y = 2x + 12 x + 6y - 4y = 14x + 2y


2(x + 3y) - 4(3x - y) = 2x + 6y - 12x + 4y = 2x - 12 x + 6y + 4y = -10x + 10y


x(4 + 3y) - x(3 – y) = 4x + 3xy - 3x + xy = 4x – 3x +3xy + xy = x + 4xy

We can have 2 brackets multiplied together:


e.g. (x + 2y)(2x + 3y) = x × 2x + x × 3y + 2y × 2x  +2y × 3y = 2x2 +3xy + 4xy +6y2  = 2x2 +7xy +6y2
Factorisation 
This is the opposite of removing brackets – here we are trying to find common factors to pull out of the expression and leave the rest in brackets.

e.g. 2x + 6y = 2(x + 3y)

2 is a common factor of 2x and 6y so we take it outside the bracket. We divide 2x and 6y by 2 and whatever is left goes in the bracket.

e.g. 
3x + 12xy = 3x(1 + 4y)


6x2 + 12x = 6x(x + 2)


4(x-y) + 2b(x-y) = (x-y)(4 + 2b) here (x-y) is the common factor


§ 2. Simple Equations
4x + 3 = 15 is an example of a simple equation. 
To solve the equation we need to find the value of the unknown quantity which is represented by the letter x, which will make the left hand side of the equation equal to the right hand side of the equation.  

4x +3 = 2x + 9 is also an example of a simple equation. Here there are unknown quantities (4x and 2x) written on both sides of the equation.

The strategy is always to try to get the unknowns (or variables) onto one side of the equals sign and to get the numbers (or constant terms) onto the other side. 

Remember that whatever is done to one side of an equation must be done to the other side.

e.g. 
4x + 3 = 15
(subtract 3 from both sides)
4x       = 12
(divide both sides by 4)
x         = 3

e.g.
4x -3 = 2x + 3 
(subtract 2x from both sides)
4x – 2x = 3 + 3
(and add 3 to both sides)

2x = 6 

(divide both sides by 2)

  x = 3

e.g. 
y + y = 5 


3    5    6      

5y + 3y = 5

    15        6

8y = 5
(multiply both sides by 15 and by 6 to clear the fraction. Effectively we are cross-multiplying).

15 6

48y = 75 therefore y = 75/48 = 25/16

§ 3. Formulae

A formula is an equation that describes the relationship between two or more quantities, such as


F = 1.8C + 32 
where F is the subject of the formula.

e.g. In the above formula, if C = 100 what is the value of F?


F = 1.8 × 100 +32 = 180 +32 = 212.

We may have to rearrange the formula to make one of the other quantities the subject of the formula.

e.g. In the above formula, if F = 32, what is the value of C?


F = 1.8C + 32


F – 32 = 1.8C


F – 32 = C


  1.8

If F = 32 then 32-32 = 0, i.e. C = 0.


            1.8

To rearrange a formula
Remove square roots or other roots, clear fractions, clear brackets, collect terms involving the required subject of the formula, factorise if necessary, isolate the required subject.

e.g. Make  S the subject of the formula T = 
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Clear square root 
T2 = 2S


          
        S-v

Clear fraction 

T2(S-v) = 2S

Clear bracket 

T2S - T2v = 2S

Collect terms in S 
T2S – 2S = T2v

Factorise

S(T2 – 2) = T2v

Isolate S

S = T2v




     T2 – 2

This example uses all the steps – you won’t necessarily have to do all this every time!

§ 4. Simple Inequalities

The following symbols are used for inequalities:

	>
	(
	<
	(

	Greater than
	Greater than or equal to
	Less than
	Less than or equal to


The rules for solving inequalities are the same as for equations except if multiplying or dividing both sides of the inequality by a negative number. This reverses the inequality sign.

(Why does this happen? Think about this: we know that 8 is bigger than 4, i.e. 8 > 4; now multiply both sides by 

–1; –8 is not bigger than –4, it is smaller than –4; i.e. -8 < -4)

e.g. Solve the inequality 4x + 7 ( 2x + 10.


4x + 7 ( 2x + 10


4x – 2x ( 10 – 7


2x ( 3


x ( 3/2

e.g. Solve 2x - 8 ( 4x + 10


2x - 8 ( 4x + 10


2x – 4x (10 + 8


-2x ( 18


x ( - 18/2 i.e. x ( -9 

e.g. Solve 10/x + 5 >25 (note here that x cannot be zero – we cannot divide by zero - and x cannot be negative)


10 + 5x > 25x


10> 25x –5x


10>20x therefore 10/20 >x and 1/2 > x which is the same as x < 1/2. 


However, since x cannot be negative the full solution is 0 < x < 1/2.


(Try putting x = -1, then 10/-1 + 5 is –10 + 5 which is -5, which is not greater than 25).
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BASIC MATHS SUPPORT SESSIONS
Session 2 - Basic Algebra Exercises

You do not need to use a calculator for these exercises.
§ 1. Algebraic Expressions

1) If x = 3 and y = 4, find the values of:

 i) y – x,  
ii) 3y – 5 
iii) 9y – 6

 


        2x

2) Simplify the following:


i) 2y2 +10y2 – 3y2 
ii) 9x + 10z – 3x + z 
iii) 9x × 10x ÷ 3y

3) Multiply out the following brackets:


i) 3(2z – 4)
ii) –3(2z - 4)
iii) 4(2z +3) – 3(z – 2)

4) Factorise the following expressions:


i) 8y + 18
ii) 14z – 7y
iii) 9x2 + 6x

§ 2. Simple Equations

1) Solve the following equations:

i) 9x + 3 = 39

ii) 8y – 4 = 5y +8
iii) 18 – 3x = 3

iv) 4x + 7 = 52 – 5x

2) Solve the following equations:

 i) 2y =
y + 1 

ii) x + x
= 9
     
     5
8    2      
    4    5
   2
§ 3. Formulae

If p = 4 and q = 6 find the value of T in the following formulae:

i) p = 3T/q
ii) q = 3(T - p)
iii) T2 = pq + 1

§ 4. Simple Inequalities
Solve the following inequalities:

i) 4y + 7 ( 2y + 11
ii) 3y + 24 < 8y –11
iii) –4x + 12 >20

§ 5. Applied problems 

1.  Patients diagnosed with a certain medical condition have a risk p of dying within one year of diagnosis: p is simply the average proportion of diagnosed patients who die within a year.   Let n be the number of diagnosed patients, and k be the average number of these who die within a year.

a) Express p in terms of k and n.

b) Express k in terms of p and n.

c) Suppose that we define w = 
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n

k

-

 .  (In fact, defined this way, w is called the odds of dying.)  Using your answer in b) to substitute for k, express w in terms of n and p.

d) By factorising the denominator (bottom of fraction) in your answer to c), express w in terms of p.

e) If you’ve got this far, use your answer to d) to express p, the risk, in terms of w, the odds.
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Session 2 - Basic Algebra Further Exercises

These are intended to supplement the exercises you have already done and extend the concepts.

You will need a calculator for some of these exercises. If you need help with using your calculator please consult your calculator manual and see the information on calculator use offered in Basic Statistics for PHP or Statistics for EPH (STEPH) or Statistics with Computing.
1) Factorise the following expressions:

i)  8x3 - 4x2
ii) xa2 – ya    
iii) x(a – b) + 3(a – b) 
iv) 4(p + q) – r(p + q) 
v) 6f + 12g – 18h

2) Solve the following equations:

a) 5(x – 3) = 20

b) 7(2-3y) = 3(5y-1)       c) z + 3  = z – 3
 

      

      
      


       2           3

3) Make t the subject of the following formulae:

i) v = u + at 
ii) x = ½ at2 
iii) C = n – t
iv) S = pq(t + q)





  3r

4) Rewrite the following making the given letter the subject of the formula:

i) r = 
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 Z the subject
ii) q = 
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 r the subject 

iii) y = 
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 x the subject

5) If  H – mg = mb, find: 
a) the value of H when m=4, g=10, b=6

b) the value of g when H = 30, m=3, b=4

c) the value of b when H=65, m=6, g=10 

6) Solve the following inequalities:

i)  y + 3 ≥ 9 + 3y
ii) 7(2-3y) < 3(5y-1)
iii) x > x + 1







     2     5
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Session 2 - Basic Algebra Solutions

§ 1. Algebraic Expressions

1)   i) y – x = 4-3 =1
ii) 3y – 5 = 3×4 –5 = 12-5 = 7
iii) 9y – 6  = 36 – 6 = 30/6 = 5


 


       
 
         2x

6

2) i) 2y2 +10y2 – 3y2 
 =  (2+10-3)y2  = 9y2 

    ii) 9x + 10z – 3x + z = 9x – 3x +10z +z = 6x +11z

    iii) 9x × 10x ÷ 3y = 90x2/3y = 30x2/y

3) i) 6z-12
ii) –6z +12
iii) 4(2z +3) – 3(z – 2) = 8z +12 – 3z + 6 = 5z +18

4) i) 8y + 18 = 2(4y + 9)

ii) 14z – 7y = 7(2z – y)

iii) 9x2 + 6x = 3x(3x + 2)

§ 2. Simple Equations
1) i) 9x + 3 = 39 so 9x = 39 – 3; 9x = 36; x = 36/9; x = 4



    ii) 8y – 4 = 5y +8 so 8y –5y = 8 + 4; 3y = 12; y = 12/3; y = 4


    iii) 18 – 3x = 3 so –3x = 3 – 18; -3x = -15; x = -15/-3; x = 5 

        (or 18 – 3 = 3x; 15 = 3x; 15/3 = x; and x = 5)



    iv) 4x + 7 = 52 – 5x so 4x + 5x = 52 –7; 9x = 45; x=45/9; x = 5

2)  i) 2y =   y + 1          so 2y  - y = 1 and 16y – 5y = 1;  11y = 1; 11y = 40; 11y = 20; y = 20
          5       8    2      
   5      8    2
      40
       2    40     2             2
                         11

     ii) x + x = 9   so 5x + 4x =  9 ; 9x = 9 ; 9x = 20×9 = 90; x = 90/9; x = 10
        4    5    2           20        2
  20   2 
2
§ 3. Formulae
p = 4 and q = 6 

i) p = 3T/q so 3T = pq and T = pq/3 = 4×6/3 = 8


      ii) q = 3(T - p) so T = q/3 + p and T = 6/3 + 4 = 6


      iii) T2 = pq + 1 so  T = 
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§ 4. Simple Inequalities

i) 4y + 7 ( 2y + 11
so 4y – 2y ( 11 – 7; 2y ( 4; y ( 2

ii) 3y + 24 < 8y –11
so 24 +11 < 8y –3y; 35 < 5y; 35/5 < y; 7 < y which is the same as y > 7
iii) –4x + 12 >20 so –4x > 20 – 12; -4x > 8 and x < -8/4; x< -2 (reverse the sign)
§ 5. Applied problems
1)  a)  p = k/n


b) k = np


c)  
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Session 2 - Basic Algebra Further Exercises – Solutions

1) i)  4x2 (2x – 1)   ii) a(xa – y)     iii) (a – b)(x + 3)    iv) (p + q)(4 – r)   v) 6(f + 2g – 3h) 

2) a) 5x – 15 = 20 so 5x = 20 + 15 = 35 and x = 7

     b) 14 -21y = 15y -3 so 14 + 3 = 15y +21y; 17 = 36y and y = 17/36

     c) 3(z + 3) = 2(z – 3) so 3z + 9 = 2z – 6; 3z – 2z = -6 – 9; z = -15

3) i) at = v-u so t = 
[image: image15.wmf]a
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ii) 2x = at2 so t2  = 
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iii) 3rC = n - t so t = n – 3rC      iv) t + q = 
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4) i) r2  = 
[image: image20.wmf]4g
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; Z = r2 4g

ii) q(r = p so (r = p/q and r = (p/q)2 
iii) 4xy + 7y = 3 – 2x and 4xy + 2x = 3 – 7y so 2x(2y+1) = 3 – 7y and 2x = 
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     so x = 
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5) a) H = mb +mg = 4×6 + 4×10 = 24 + 40 = 64

    b) g = (H - mb)/m = (30 - 3×4)/ 3 = (30 - 12)/3 = 18/3 = 6

    c) b = (H – mg)/m = (65 - 6×10)/6 = (65 – 60)/6 = 5/6 

6) i) 3 – 9 ≥ 3y – y so -6 ≥ 2y and -6/2 ≥ y or y ≤ -3

    ii) 14 -21y < 15y -3 so 14 + 3 < 15y +21y; 17 < 36y and  17/36 < y or y > 17/36

    iii) x/2  - x/5 > 1 so (5x -2x) /10 >1 and 3x/10 >1; 3x > 10; x > 10/3
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