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UNIT 6: ALGEBRA AND EQUATIONS

Monomials

Definitions:

A monomial is a constant multiplied by zero or more letters. 

The constant is called coefficient.

The letters are called literal part. Each letter is called variable.

The degree of the monomial is the sum of the exponent of each variable.

For example:  – 4 x2 y3 z

• Coefficient: -4

• Literal part: x2 y3 z

• Degree: 231=6

Exercises:

• Complete the table:

Monomial Coefficient Literal  Part Degree

3 xy2

– 4 x3

x4 y

– x5

8
2
3

x3 y2

– 0.3 x4 y2 z
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Operations with monomials

Sum of monomials

You can only sum monomials that have the same literal part. The result is a monomial whose

coefficient is the sum of the corresponding coefficients and whose literal part is the same.

For example:

You can sum: 3 x5 x=8 x

You can't sum: 3 x5 y

3 x5 x2

Exercises:

• Find the sum of these monomials:

a) 4 x5 x – x8 x2

b) 3 xy4 xy2 –5 xy2

c) 5 x33 x2 – x3 –3 x 25– x –3

d) 2 3x x−

e) 2 24 2 3x x x x+ + +

f) 3 32 3x x x x− + +

g) 3 2a a b+ −

Multiplying monomials

In order to multiply monomials,  first  we multiply the coefficients and then we multiply

literal parts. When we have the same variable, we leave the base variable and add the exponents.

For example:   – 3 x2· 4 x3 y=– 12 x5 y

Exercises:

• Find the product of the following monomials:

a) 4 x2·– 5 x

b) 
2
3

x4 y · 6 x y3

c) – 9 x ·– 2 x3

d) 2 y · 3 z

e) 3 x y2 ·–5 x2 y z 
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Polynomials

Definitions:

A polynomial is the sum of one or more non-zero monomials. Each monomial is called

term.

The degree of a polynomial is the largest degree of any one term. 

When a polynomial in one variable is  arranged in  order, the terms of higher degree come

before the terms of lower degree.

For example:

It consists of three terms: the first is degree two, the second is degree one, and the third is

degree zero. The degree of this polynomial is two.

When a polynomial consist of two monomials it is called a binomial.

For example: 3 x2

When a polynomial consist of three monomials it is called a trinomial.

For example: 5x4−3 x4

When there are more than three terms it is generally called a polynomial.

You can label a polynomial, for example: P x =x2 –3

Exercises:

• Simplify, arrange in order and find the degree of the following polynomials:

a) 3 x25 x3 –2 x21

b) 23 x2 – 5 x34 – x4

c) 5 x3 – 3x23 – x2 –2 x3 – 3 x3

d) – 4 x3 – 28 x4 x44 –5 x
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The numerical value of a polynomial

The numerical value of a polynomial is obtained by replacing variables by numerical values.

The numerical value of a polynomial P x   when x=a , can be expressed as P a .

For example:

P x =x2 –3

The numerical value of P x   when x=4  is P 4=42 – 3=13

The numerical value of P x   when x=−1  is P 4=−12 – 3=1−3=−2

Exercises:

• Work out the numerical value of the following polynomials :

a) Px =x2 –1 when x=0, x=1, x=–1

b) Px =x8 when x=3, x=–8

c) Px =x3 –3 x2 – x5  when x=0, x=1, x=–2

• Work out the numerical value of 5a2b2

a) When a=1  and b=2

b) When a=4  and b=– 5

c) When a=0  and b=–1
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Operations with polynomials

Sum of polynomials
The sum of polynomials is similar to that of monomials seen earlier in this unit. Similar

terms can be added together in the polynomials.

For example:

Addition:

 5 x2 – 3 x24 x3 – 2 x2x – 4 =4 x33 x2 – 2 x – 2

Subtraction:

5 x2 – 3 x2– 4 x3 – 2 x2 x – 4=5 x2 – 3x2 – 4 x32 x2 – x4=– 4 x37 x 2 – 4 x6

Exercises: 

• Work out the addition and subtraction of these two polynomials in your exercise book:

a) Px =x4 – 2 x24 x –6

b) Qx =2x4 – 3x35x2 –3

Multiplying polynomials
In order to multiplying polynomials, you can use the distributive property. The basic idea is

that you multiply the outside term times every term on the inside.

For example:

Multiplying a monomial by a polynomial

3 x2 ·4 x3 – 2 x5=12 x5 – 6 x315 x2

Multiplying a polynomial by a polynomial 

x2 – 3 x ·2 x34 x2 – 1=2 x54 x4 – x 2 – 6 x412 x33 x=2 x5 – 2 x412 x3 – x23 x

Exercises:

• Find the product of the following polynomials:

a) 3 x2 ·4 x3 – 2 x25 x –9

b) 5 x · 3 x5 – 4 x311

c) 3 x – 1·7 x2 – x8

d) x2 – 4·5 x3 – 4 x2 – x1
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Equations

Definitions:

An  equation is a mathematical statement that has two expressions separated by an equal

sign. One or both of the expressions may contain variables. Variables are also called unknowns.

A  solution of  an  equation  is  a  value  which,  when  substituted  for  unknowns,  make  an

equation true. 

Solving an equation means finding all solutions (if exist).

For example: 

Equation: 5 x – 2=3 x6

• x=1  is not a solution because when substituted, equation is false:

5 ·1 – 2=3 ·16

       3≠9

• x=4  is a solution because when substituted, equation is true:

5 ·4 – 2=3 ·46

       18=18

Exercises: 

• Solve these equations by trial and error:

a) 4 x – 3=7 x –6

b) 11 x – 804 x=– 2 x7 x – 4

As you can see, b) is difficult, we need a resolution method.

Solving first degree equations
You can solve equations using the balance method.

You can change both sides in the same way.

For example:

5 x12=32

5 x12 –12=32 –12

5 x=20

5 x
5
=20

5

x=4



UNIT 6: ALGEBRA AND EQUATIONS IES CARLOS CANO

Check: x=4   5 · 412=32

32=32

x=4  is the solution because when substituted, equation is true.

So, you can use inverse operations to transform the equation

For example:

5 x12=32

5 x=32 – 12

5 x=20

x=20
5

x=4

Exercises:

• Solve these equations using the balance method:

a) 3x-5=4

b) x+5=-2

c) 4x=7

d) 3x+5=-4x+2

e) 5x+8-2x=x-2

d) 4x+3=3x-8

e) 4-7=3x-5

• The perimeter of this rectangle is 24 cm.

4 cm

x cm

a) Write an equation for the perimeter of the rectangle.

b) Hence find x, the length of the rectangle.
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Solving first degree equations with brackets
Fist degree equations are also called linear equations.

To solve an equation with brackets:

• Expand the brackets

• Solve using the balance method

You can expand brackets in an algebraic expression using the distributive property. The

basic idea is that you multiply the outside term times every term on the inside.

For example: 3 ·x2=3 · x3· 2=3 x6

Example: 

Solve: 4 x1=12

• Expand the brackets

4 x4=12

• Solve using the balance method

4 x=12 – 4

4 x=8

x=8
4

x=2

Check: x=2   4 · 21=12

4 ·3=12

12=12

x=2  is the solution because when substituted, equation is true.

Exercises:

• Solve these equations:

a) 8x –32 x=– x5

b) 3 x – 2=4 x8

c) 4 x3 – x=5 x – 9– x – 5
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Number of solutions of a linear equation
A linear equation may have one solution, no solution at all, or infinite solutions.

For example:

• Linear equation with one solution:

5 x12=32

5 x=32 – 12

5 x=20

x=20
5

x=4

• Linear equation without solution:

5 x3=2 x83 x

5 x – 2 x –3 x=8– 3

0=5

It's false. There isn't solution.

• Linear equation with infinite solutions:

4 x1=3 x1x

4 x−3x−x=1−1

0=0

It's true. 

Any value of x is solution of the linear equation. In this case, actually the equations is an

identity.

An  identity is an equality that remains true regardless of the values of any variables that

appear within it.

Exercises:

• Solve these equations:

a) 3 x5=3 x – 2

b) x2 x – 4=– 23 x – 2

c) 5 x – 4=4 x – 3

d) 7 x – 4=3 x24 x

e) 53x2=9 x – 11
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Solving equations: Problems and exercises

• When 1 is  added to  a  number  and the answer  then trebled,  it  gives  the same result  as

doubling the number and then adding 4. Find the number.

• Solve the following:

a) 2 x 2=18 b) 5 x2=5 c) 2 x 2=72 d) 4 x2=36

• Solve the following:

a) 3 x1=2 x6 b) 5 x – 1=3 x19 c) x15=4 x d) 4 x3=3 x7

• Solve the following:

a) 3 x – 8=7 b) 2 x – 3=– 2 c) 4 2 x –1=60 d) 2 x – 9=25

• A square has sides of length (x+1) cm. Find the value of x if:

a) The perimeter of the square is 66 cm.

b) The perimeter of the square is 152.8 cm.

       (x+1) cm

• Mr Smith send his car to the local garage. He spend  ₤ x  on new parts,  four times this

amount on labour and finally ₤29 for a MOT test. If the bill was for ₤106.50, find the value

of x .

• Solve:

a) 2 x – 3– x – 2=5 b) 5x2– 3x –5=29

c) 2 x23x4=31 d) 10 x3– 4 x – 2=7 x5



UNIT 6: ALGEBRA AND EQUATIONS IES CARLOS CANO

• Joan, Kate and Linda win ₤2400 on the National Lottery between them. Joan gets a share of

₤ x , while Kate gets twice as much as Joan. Linda's share is ₤232 less than Joan's amount.

a) Write down an expression for the amounts Joan, Kate and Linda win.

b) Write down an expression in terms of x, and solve it.

c) Write down the amounts Kate and Linda receive.

• All the angles in the diagram are right angles.

a) Write down an expression for the perimeter of the shape.

b) Write down an expression for the area of the shape.

c) For what value of x will the perimeter and area be numerically equal?

• Solve the following:

a) 5x –13 x – 4=– 11

b) 3 x22x – 4=x –3 x3

c) 34 x2=2 2 x – 1

• Two men are decorating a room. One paints 20 m2  and the other only 6m2 . They continue

painting and manage to paint another x m2  each. If the first man paint exactly three times

the area painted by the second man, find the value of x.

4 cm

4 cm

4 cm

8 cm

x cm

x cm
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• Carol's father was 24 years old when Carol was born. Now he is four times as old as Carol.

How old is Carol?

• Mr Jones is 4 years older than his wife and 31 years older then his son. Their ages add up to

82 years. If Mr Jones is x years old, find the value of x and find the ages of his wife and son.

• Jenny goes shopping with ₤100 in her purse. She buys x CDs at ₤12 each and still has ₤16

left. Find the value of x.

• Halley's present age is x years. In 24 years time he will be 3 times as old as he is now. How

old is he?

• A blouse has x buttons. A shirt has x+2 buttons.

a) Write an expression for the number of buttons on four blouses.

b) Write an expression for the number of buttons on three shirts.

c) Three shirts have the same number of buttons in total as four blouses. Write an equation

and solve it to find the value of x.

d) How many buttons are there on a shirt?

• A cream cake costs x pence. A chocolate cake costs 50 pence more than a cream cake.

a) Write down, in terms of x, the cost of one chocolate cake.

b) Three cream cakes and one chocolate cake cost ₤4.30 in total. Form an equation in x and

solve it to find the cost of one cream cake.
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Trick
• “Think of a number, .......”

Try this out on a few people:

“Think of a number,....  add 1,....  multiply by 2,....  add 4,....  divide by 2,....  subtract  the

number you first thought of,.... what is your answer?”

What happens? Why?

Justin uses algebra to work out what is happening.

Since he doesn't know what number a person will think of, he call it x.

He writes this:

Think of a number: x

Add 1 x+1

Multiply by 2 2 (x+1) = 2x+2

Add 4 2x+6

Divide by 2 x+3

Subtract the number x 3

The answer is 3. It does not depend of the value of x. So whatever number the person thinks

of, the answer will be 3.

This sets Justin thinking. He invents this new trick.

“Think of a number,.... add 2.... multiply by 4,.... add 2,.... divide by 2,.... subtract 5,.... what

tell me the answer?”

When people tell him the answer, Justin tells them the number they first thought of. He gets

it right every time.

How does Justin know what number the person first thought of? 

Find the rule that links the answer to the number you first thought of. 

How can you use algebra to prove that your idea is right?
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• Work out thought these using x for the number. For each one say what answer you would

expect.

a) “Think of a number,.... subtract 1,.... add 4,.... subtract the number you first thought of.”

b) “Think of a number,.... add 2,.... multiply by 2,.... subtract 2, divide by 2, subtract the

number you first thought of.”

c) “Think of a number,.... multiply by 10,....add 2, multiply by 3,... subtract 6,..... divide by

the number you first thought of.”

d) “Think of a number,.... subtract 1,.... multiply by 5,.... add 5,..... divide by the number you

first thought of.”

• Try this with a few numbers:

“Think of a number,.... add 10,.... multiply by 10,... subtract 100”

a) Describe how you can “mind read” the number first thought of once you are told the

answer.

b) Use algebra to show how this works.

• Work thought these as in last question, then explain how to work out the original number.

Try them out to check your answers.

a) “Think of a number,.... subtract 1,.... multiply by 4,... add 8,..... divide by 4.”

b) “Think of a number,.... add 3,.... multiply by 3,... subtract 3,..... divide by 3.”

c) “Think of a number,.... subtract 1,.... multiply by 10,... subtract 10,..... divide by 10.”


