Graphical Inequalities

1.
Oranges cost 8p each and apples 6p each.

A woman has up to 72p to spend on oranges and apples.

Suppose she orders x oranges and y apples.

(a)
Write an expression for the total cost of her order.

(b)
Write the equation which says ‘the total cost of the order is 72p’.

(c)
Draw on a graph the line which has this equation.

Shade the region containing all the orders which the woman cannot afford.

2.
In an athletics competition, an athlete gets 5 points for coming first in an event and 3 points for coming second.

At the end of the competition, athletes with more than 15 points but less than 30 get a silver medal. Those with 30 or more get a gold medal.

(a)
If an athlete comes first x times and second y times, write an expression for the total number of points he or she scores.

(b)
Write down the equation which says ‘the total score is 15’.

(c)
Write down the equation which says ‘the total score is 30’.

(d)
Draw on a graph the two lines which have these equations. Label the regions and lines ‘no medal’, ‘silver’, ‘gold’.

3.
Shade the spaces not represented by y + x > 8;    3y > 12- x  and  x > 2.

Explain why the border lines are not part of the unshaded space. Find the whole number co-ordinates which give the functions (a) 2x + y and (b) x + 2y minimum values.

4.
42 members of a flying club wish to fly to another club for a rally. The organizers will allow them to use not more than nine aircraft. Each single-engined aircraft will take three people and cost £1 per hour to fly. The twin-engined aircraft will take fourteen people and cost £6 per hour to fly.

If there are s single-engined and t twin-engined aircraft show that 3s + 14t ≥ 42 and obtain another ordering connecting s and t. Why is s ≥ 0 and t ≥ 0, and what else can be said about s and t? Draw a graph of the orderings. Find an expression for the cost per hour of the journey; also the number of each aircraft to give the most economical cost per hour of the journey and that cost.

5.
a) 504 pupils are to be taken on a school journey using 58-seater coaches at £8 each and 44-seater coaches at £7 each. Allowing two seats per coach for staff, write down an ordering, connecting the larger (L) and smaller (S) coaches. There are seven larger and seven smaller coaches available, hence write down two separate orderings (other than S ≥ 0 and L ≥ 0). Find the minimum total cost and the number of each type of coach required.

b) Repeat the Question if the garage has to take two of the larger coaches out of service.

6.
A firm has a fleet of vans and trucks. Each van can carry 9 crates and 3 cartons; each truck can carry 4 crates and 10 cartons. The firm has to deliver a total of 36 crates and 30 cartons. If x vans and y trucks are used to make the delivery, write down the two inequalities (other than x ≥ 0 and y ≥ 0) which must be satisfied by x and y. Illustrate your two inequalities graphically. Given that the cost of using a van is exactly the same as that of using a truck, find the two pairs of values of x and y which give the smallest total cost of delivery. 
7.
1 kg of bananas has a food value of 960 calories and contains 15 g of protein, 240 g of carbohydrate and 105 mg of vitamin C; 1 litre of milk has food value 640 calories, 35 g of protein, 50 g of carbohydrate and no vitamin C. A woman who wants to slim decides to live entirely on a diet of bananas and milk. Her doctor advises her that each day she must have at least 1920 calories, 60 g of protein and 70 mg of vitamin C.

(a)
 If she eats x kg of bananas and drinks y litres of milk a day, write down the inequalities to be satisfied by x and y to fulfil the doctor’s requirements, and illustrate them graphically.

(b) 
What values of x and y should she choose so as to eat as little carbo​hydrate as possible?


8.
A computer company uses its computer for both commercial and educational purposes. The company makes a profit of £10 per hour on commercial use and a loss of £5 per hour (i.e. a profit of [-£5]) on educational use. The computer is used for x hours per week commer​cially and for y hours per week educationally.

(a) 
Write down three inequalities (or orderings) to express the facts that: 
(i) 
the total time used per week is not more than 84 hours

(ii) 
the company must not lose money

(iii) 
the computer must be used for at least 15 hours per week educationally.
(b) 
Represent these inequalities graphically, using a scale of 1 cm to 5 hours on each axis.

(c) (i) 
What is the greatest time per week for which the computer can be used educationally? 
    (ii) 
What is the greatest profit that the company can make per week?
9.
I can buy bars of chocolate (b) at 5p each and tubs of ice cream (t) at 8p each and I can spend up to £2. I can store not more than 17 ice creams in my refrigerator. I know that ice cream will be more popular than chocolate. Under these conditions find the maximum number of children to whom I can give either a bar of chocolate or an ice cream: and how many bars and tubs I need.

10.
(a) Represent on one graph the set of points (x, y) for which x ≥ 0, y ≥ 0, 

x + 3y ≤ 18 and 2x + 3y ≤ 24. (Shade the unwanted regions.)
(b) 
A manufacturer produces two types of machine. Mark I costs £2000 to produce and requires 100 man-days to make it; Mark 2 costs

£3000 to produce and requires 300 man-days to make it. In one parti​cular week the manufacturer has available £24000 and 1800 man-days. If the profit on each Mark I is £250, and on each Mark 2 is £500, deter​mine from your graph to part (a) how many of each machine must be produced to obtain the maximum possible profit, and calculate this profit. (c) By how much will this maximum possible profit be reduced if the manufacturer decides (for prestige reasons) to produce at least as many Mark 2 machines are Mark 1 machines? 

