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Exercise A, Question 1

Question:
A chocolate manufacturer iz producing two hand-made assortments, gold and silver,
to commemeorate 50 years in business,

Tt will take 30 minutes to make all the chocolates for one box of gold assortment and
20 minutes to make the chocolates for one box of silver assortment.

It will take 12 minutes to wrap and pack the chocolates in one box of gold assortment
and 15 minutes for one box of silver assortment.

The manufacturer needs to male at least twice as many silver as gold assortments.
The gold aszertment will be sold at a profit of 80p, and the silver at a profit of &0p.

There are 300 hours available to make the chocolates and 200 hours to wrap them.
The profit is to be maximized.

Letting the number of boxes of gold assortment be x and the number of boxes of
silver assortment be v, formulate this as a linear programming problem.

Solution:

Humber of boxes of gold assortment = x
Mumber of boxes of silver aszortment = y
Ubjective: maximize F=20x4+ &0y

Canstraints

*  time to make chocolate, 30x4+ 200 = 300 = &0 «—— Al units now in
which simplifies to Ax 4 2y = 1R800 minutes,

s  time to wrap and pack 12x+15y = 200x60
which simplifies to dx+ 5y =4000 /

At least twice as many silver as gold” 2x= y
* non-negativity x, v =0

In summary: maximizse P =80x+ 60y

subiject to
Gx 42y = 1300

dx + 5y = 4000
2x =y
vy =0
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Question:

A floral display iz required for the opening of a new building. The display must be at
least 30 m long and 15 to be made up of two types of planted displays, type & and

type B.
Type & 12 1 m in length and costs £6
Type B 1z 1.5 m in length and costs £10

The client wants at least twice as many type & as type B, and at least & of type B
The cost 15 to be minimised.

Letting x be the number of type & uzed and ¥ be the number of type B used, formulate
thiz as a linear programming problem.

Solution:

nutnber of type b = x
number of type B =¥
Ohjective: minimize O =6x+10y

Constrairts
*  Display must be at least 30 m long x+1.5y = 30
which simplifies to 2x+3y =60

*  CAtleasttwice as many x asy 2y =x
s Atleast simtype B oy =6

* non-negativity x,y =10

In summary: minimise O =6&x+10y

subject to:
2x+3p =60

2y=x
¥y =6
oy =0
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Question:

A toy company makes two types of board game, Cludepoly and Trivecrab, Az well as
the board each game requires playing pieces and cards.

The company uses two machines, one to produce the pieces and one to produce the
catds. Both machines can only be operated for up to ten hours per day.

The first machine takez 5 minutes to produce a set of pieces for Cludepoly and
& minutes to produce a set of pieces for Trivscrab,

The second machine takes 8 minutes to produce a set of cards for Cludopely and
4 minutes to produce a set of cards for Trivscrab.

The company knows it will zell at most three times as many games of Cludopoly as
Trivscrab,

The profit made on each game of Cludopoly 13 £1.50 and £2.50 on each game of
Trivacrab.

The company wishes to maximise ite daily profit.

Let x be the number of games of Cludopoly and ¥ the number of games of Trivecrab,
Formulate this problem as a linear programming problem.

Solution:

number of games of Cludepoly = x

number of games of Trivscrab = ¥
CUbjective: maximize F=15x4+25y

Clonsirainis

*  Firstmachine Sx4+8y = 10x &0 + All units now in

which simplifies to Sx+8y < 600 ‘F__—__________.__—- minutes.

*  Zecond machine: Bx +4y = 10x 60
which simplifies to 2x 4+ » =150
*  Atmosi 3 times as many x asy Ay = x

s non-negativity x, v =0

In summary: mazimise P=15x+25y

subiect to
Sx4+3y = 600

2x+y =150
Ivzx
xnyz=0
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Question:

A librarian needs to purchase bookeases for a new library. She has a budget of £2000
and 240m* of available floor space. There are two types of bockcase, type 1 and
type 2, that she 1z permitted to buy.

Type 1 costs £150, needs 15m? of floor space and has 40 m of shelving.

Type 2 costs £250, needs 12m? of floor space and has 50 m of shelwing.
=he must buy at least 8 type 1 bookcases and wants at most % of all the bookrcases to

ke type 2,

=he wizhes to maximize the total amount of shelwing.

Letting x and ¥ be the number of type 1 and type 2 bookcaszes bought respectively,
formulate this as a linear programming problem.

Solution:

Mumber of type 1 bookeases = x
Mumber of type 2 bookcases = y

Chjective: maximize & =40x4+60y

Constraints

*  budget 150x4 250y < 3000
which simplifies to 3x+ 2y =60

*  floor space 152412y = 240
which simplifies to Sx+4y =80

* CAttnost % of all bockcases to be type 27 y = %(x+y)
which simplifies to 2y = x

* Atleastd type 1 x 28
* non-negativity x, v =0

In summary: maximise S =40x+&0y
subiect to:
3x+oy 260

Sx4+dy = E0
Sy = x
x =3

xy=0
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Question:

A garden supplies company produces two different plant feeds, one for indoor plants
and one for outdoor plants.

In addition to other ingredients, the plant feeds are made by combining three different
natural ingredients &, B and C.

Each kilogram of indoor feed requires 10 gof A, 20 g of B and 20 g of C.
Each kilogram of outdoor feed requires 20 gof 4, 10 g of B and 20 g of C.

The company haz 5 kg of &, S kg of B and & kg of C available each week to use to
tnake these feeds.

The company will sell at most three times az much outdoor as indoor feed, and will
sell at least 50 kg of indoor feed.

The profit made on each kilogram of indoor and cutdoor feed 15 £7 and £6
respectively. The company wishes to mazimise its weekly profit.

Formulate this as a linear programming problem, defining ywour decision variables,

Solution:
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Let x=number of kg of indoor feed and y=number ofkg of cutdoor feed
Objective: Maximizse P=Tx+6y

Consirainis

s Amountofd  10x420y = 51000
which simplifies to x4+ 2y =500
o AmountofBE 20x4+ 10y 51000 o |

which simplifies to 2x+» =500
s Amountof C Z20x4+20y = &:100 /

which simplifies to x4+ =300

All units new in
grams.

*  Atwmosg? 3times as muchyasx y=3x

e Atleast S0 kgofx x =50

* non-negativity ¥ =0 (x =0 15 unnecessary because of the previous constraint)

In summary:
maximise F=Tx+0y

subiect to
x4+ 2y = 500

2x 4 = 500
x+y = 300

¥ = 3x
a0
0

[

X

¥

[%
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Question:

Sam malkees three types of fuit smoothies, 4, B and C As well as other ingredients all
three smoothies contain oranges, raspbemries, kiwi fuit and apples, but in different
proportions. Zam has 50 cranges, 1000 raspberries, 100 kiwi fruit and 60 apples. The
table below shows the number of these 4 fuits used to make each smoothie and the
profit made per smoothie. Sam wishes to maximise the profit

Smoothie Oranges | Raspbernies | Kiwl fruit | Apples | Profit
A 1 10 2 2 &0p
E 1 40 3 1 &3
2 2
@ 2 15 1 2 55p
Total available an 1000 100 60

Letting x be the number of &4 smoothies, ¥ the number of B smoothies and z the
number of T smoothies, formulate this as a linear programming problem.

Solution:

number of & smocthies=x
number of B smoothies =y

number of Camoothies=z

Ohbjective maximise F=60x4+65y 435z

Constraints
*  oranges x+%y+22 =450
which simplifies to 2x+4 y+4=z <100

*  raspberries 10x+40py 4132 =1000
which simplifies to 2x4+ 38y + 32z = 200

*  loiw frugt 2x4+3y+z =100

*  apples 2x+%y +2z = &0
which simplifies to dx+4 y+4z =120

* non-negativity x, v, z=0

In summary: maximise P=60x+63y+55z

subject to:
2x+y+dz =100

2x+8y+3z = 200
2x+3y+z =100
dx+y+4z =120

xy,z = 0
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Exercise A, Question 7

Question:

& dairy manufacturer has two factories E and 3. Each factory can process milk and
woghurt.

Factory E can process 1000 litres of milk and 200 litres of yoghurt per hour.

Factory 5 can process 800 litres of milk and 300 litres of yoghurt per hour.

It costs £300 per hour to operate factory B and £400 per hour to operate factory 3. In

order to safeguard jobs it has been agreed that each factory will operate for at least %

of the total, combined, operating time.

The manufacturer needs to process 20 000 litres of milk and 6000 litres of yoghurt.
He wishes to distribute this between the 2 factories i such a way as to minimise
operating costs.

Formulate this az a linear programming problem in x and w, defining vour decision
variables.

Solution:

Let number of hours of work for factory B = x
Let number of hours of work for factory 2=y

Objective: minimise C'= 300x4+400y

Constrainis

«  milk 1000x 4800y = 20000
which simplifies to Sx+4y =100

*  voghurt 200x4+ 300 = 6000
which simplifies to 2x+ 3y = 60

* At least %oftotal time for B x:_’%(x+y)
which simplifies to 2x= ¥
* At least % oftotal time for S y 2= % x4+ ¥

which simplifies to 2y = x

* non-negativity x, y =0

In summary minimise © = 300x+400y

subiect to
Sx+dy 2100

2x+3v = 4l
2x = ¥y
2y = x
ny =0

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Pagel of 1



Heinemann Solutionbank: Decision Mathematics Pagel of 1

Solutionbank D1
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 1

Question:

Tllustrate the inequalities found in Example 1 (pages 114-115) on graph paper.
Label the feasible region, E.

Solution:

— T T T T
0 2 4 & E 102 14 16 18 20 323 X XX W 32 M 3 ¥ 4
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Exercise B, Question 2

Question:

Eepeat Question 1 using the inequalities found in Example 2 (pages 116—117).

Solution:
1 x =200
dr y=Ix
481 =
=
42";

324 -

I

24414

b+

it e 8 L L L L U L L LU L
4 X =300
o

. .

L] T T - T
0 b i 160 240 320 400 450

¥=130

W NN AN
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Exercise B, Question 3

Question:

Bepresent the following inequalities graphically. Lakel the region bounded by these
inequalities B,

2x+3y =18
y=x
»y=35
xy=l
Solution:
¥
“) i 1! ! | yo=g
y
5 dag
R
|-
3
il
' | Jr4dv=1%
i T T T T T T T T T -
0 | 2 3 | L] 6 7 S ) 10
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Exercise B, Question 4

Question:

The following inequalities were found when solving a linear programming problem.
2x = 3y

x4y =24
x=3
vyl

Represent these inequalities on a graph
Indicate the feasible region by labelling it B

Solution:

L]
fak

Jridy

XJI!F!I O A Y S

Ll

&
=
st
B
T
o
b
s
B =
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Exercise B, Question 5

Question:

Eegion E iz bounded by the following inequalities
x+y =20

Sx4hy = Al
ax =y
» =10
Ew drawing suitable straight lines, draw a graph to show region E.

Solution:

YIS

AL

R
g
| !
X+ y=20
2
Sishy =060
£ ol r/ =
0 3 Rl o b 1 12 14 Ity I8 20
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Exercise B, Question 6

Question:

Indicate on a graph the region, B, for which
2x—3 <y

VES

yrE=2x

x=0

Solution:

f=h=2%

e e T o L L L, L L L B L L s

i
Tas
=
e
e
i
-]
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Question:

4x + ¥ = 1400

£l
300 1200

200

100 1
Jx+ 2v= 1200

.

0 100 200 300 \4(\5[;[; ]

The diagratn shows a feazible region, B Find the optimal point and the optimal value,

usin

a tie objective line method, with the objective ‘maximise M =2x4 37,
b the objective line method, with the objective "mazimise M =x+43y",
¢ the wvertex testing method, with the objective "maximise F=x4+ ",

d the vertex testing method, with the objective "mamximise O=6x+¥ "

Solution:

a Meedintersection of 4x4 »=1400

4+—| Objective line passes through
atid 3x 42y = 1200

(200, 0) and (0, 400),

(320,120)  m =760

/ Obijective line passes through
b (0,400 A =1600 (400,00 and (100,07,

¢ Meedintersection of x4+ 3y =1200 «-—0 0 |

and 3x+2y=1200 Ohiective line passes through

(200,0) and (0, 200),

3 f _ 2
(1713, 3425 P=5142

4 (350, 09 0=2100 ‘__4_.__,_,_._——-—-—'—' Ohkjective line paszses through

(100, 0) and (0, 600),
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Question:

Yx + 10y = B00

ol
501 A
40)
0 - By = x
20} A
10 3x + Ty = 420

L.
I T T I ] LI

X
DO & NO O
PR Sg \tx’}nc&

The diagratn shows a feasible region, B

Find the optimal point and the optimal walue, using

a

b
c
d

the vertex testing method, with the obiective
the vertex testing method, with the objective
the obiective line method, with the obiective ©

the objective line method, with the objective

Solution:

d

(0, 90y E=290

minimize E=2x4+y",
minimize F =x+4y’,
minimize F=3x+4y",

tninitmise A =x+63 7,

Heed intersection of 6y = x and 3x+ 7y =420

(1I00.8,16.8) F =168

Heed intersection of 9x+10y =900 *— Ohjective line passes through (80, 0%

3x+T7y =420
7 g - g
IEEH,EEHI G—BE]H

and (0, 60).

Same intersection as in b (100.8, 16.8) H =201.6 * | Objective line passes
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Exercise C, Question 3

Question:

9x + Sy

450

Ix + v =60

The diagram shows a feasible

region, B

Find the optimal point and the optimal value, using

a the vertex testing method,
b the vertex testing method,
¢ the objective line method,

d the objective line method,

Solution:

a DMNMeedintersection of 3x 43 =60 and Sv=13x

(15%,10) J=56%

with the objective
with the objective
with the objective
with the objective

‘minimise J=x+4dy 7,
‘mazimize K =x+y’,
‘minimise L=6x+y",

‘maximize M =2x4+3"

b Meedintersection of ¥ =4x and 9x4+ 5y =450

J52, S 17
(ISE,@E) E=774

¢ Meedintersection of 2x+y =60 and yv=4xe4—

(8;‘,34%) 5:85;

d Meedintersection of Sx4 5y = 450

and Sy = 3x
(37.5,225) m=975
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Exercise C, Question 4

Question:

6x + 5y = 120

/H/
=W

#7 2 4\ & 8 "'10l 12 i4lis 18

The diagram shows a feasible region, B, which is defined by
Sx+y =12

¥ E=2x
Ay x
G40y =120
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Determine which wertex, A, B, C or D, is the optimal point for each of the following

ohiectives,

a

maximise x
MINIse x
maximise ¥
minimise ¥
maxitmise 6x+y
minimise 6x+y
maximise 2x+ 5y
minitise 2x+ ¥
mazximise 3x+ 2y
minimize 3x+ 2y,

Solution:

=]

h

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Decision Mathematics '

Solutionbank D1
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 5

Question:

A linear programming problem 15 given as
minimise 0= 3x + 2%
subject to 2x 43 = 160
x+y =120
x+3y = 180
and x=0, yz=0
a Drawa graph to illustrate the feasible, E.
(Take the walue: 0 =x =120 and 0=y =160 for vour axes.)

h  Tlze the wertex testing method, on the four vertices, to 1dentify the optimal point
and optimal value.

Criven that the objective changes to
mintmize O = 2x 43y,

¢ draw a suitable objective line and use it to 1dentify the optimal point and optimal
walue.

Giiven that the objective changes to
minimise Oy = x+ ¥,

d explain why there 12 more than one solution to the problem.

Solution:

PhysicsAndMathsTutor.com
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Wertices O=3x+2y

(0, 160)
(0, 80)
(30, 30)
(180, 0)

so minimum 1z (40, 80) value of C'= 280

¢ (90,30) C,=270

d O, izparallel to x4+ =120 so all points from A to B are optimal points,

© Pearson Education Ltd 2C
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Question:

A feasible region, B, is defined by
y=5ox

1dx+9y =630
2y = x
Ax+y =60

a Drawa graph to illustrate the feasible region, B
(Take the values 02 x=45 and 0= » =70 for vour axes.)

b TTse the objective line method to determine the optimal point and the optimal
value given the objective
1 minimise F=x+3y,
i maximise O=6x+y.
In each case you must draw, and label, an objective line, and find sxacs values,

Solution:
a
¥
¥ =5x
gt
L
L] i}
(!lj‘—“.ﬁﬂﬁ—‘l!
i)
Al I'I.I
..u
ri 1
A\ G4.334
30 ;. :
(M=, I?% I
.". R o ] iEX

2 .".
5 § 4x + v =60

) =t

\ (135.65)
e = E
4 =4 e 14x + 9y = 630
U\ r_,l' F-‘-- ------- Ll 8

T T 4 =4 T T T r
[} ] 5 \IH 15 .‘.'!1\ 25 30 35 4 45
O=haj+y P=x+3y

b i [131,63]P=331
33 3

. 2 1 spalS
F; [34ﬁ,17ﬁ) 0=2212
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Exercise C, Question 7

Question:

A feasible region, B, iz defined by

y=10x
x =120
2y—x =100
2x4+y =400

a Draw a graph to illustrate B

Given that the objective function is z =5x+y,
b determine the exact value of z, if z 15 to be
1 maximised,
i minimised
¢ Determine the optimal value of x+2y. Give your answer as an exact value.

Solution:

a

v= 1y

450 ¥a 1200

SiH]

] 1
1 3133 1)
£ LY

20H 4 (120, 100)

2y=ax= 1K

2o+ y=HK

] 2 40 ) &l 1041 120 140} 1641 180 200

b i (120, 160y z =760

18

5 12
52 =

i (55.5202)2=78
¢ Optmal point (33;—,333;—) optimal value of x4+ 2y =700
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Exercise C, Question 8

Question:

solve the linear programming problem posed in Exercise 64, Question 5 (page 1207

Solution:

SO0

x=50
y= iy
450

£ LRy
_i-_’ﬂl'-,

Lk
. x4 v =500

A -
50 Tx + Gy

=

150
ey = M

Hi-=
K

xpk 2 vi= 500
0~ xekly

0 - X
=1 I 1 ] I 1 I I | ] B
1] S0 110} 150 200 250 3 350 AN} 450 Si)

Uhbjective line passes through (0, 3300 and (300, 0%, Maximum poeint iz (200, 1003,
I =2000.
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Question:

Solve the linear programming problem posed in Exercize 64, Question 7.

Solution:
'
A
=y

Bl
253
M)

1 R -

Himx
154
T
4
-\r
Hi g
b
{12
Uhju'mr“'
i "
"

f ¥ T t T i T T t T L

{ 5 1] ] '{T'_':I 15 {?.n 5 40y

St 4+ dy= [0 v+ Iy =60

Objective line passes through (0, 150 and (20, 0.
Intersection of 2x 4+ 3w = &0
Sx+4y =100

4 442
|8?,14?|

vilue= 8285%
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Question:

solve the following linear programming problems, given that integer values are required
for the decision variables.

MWaximise 3x + 2y
subject to x4+ 0w = 10

Ix4+dy =24
dx4+3y =24
oy =0
Solution:
¥
g

_"|-|.+-1r = :4

t+3v= 10

¥ T T ¥ g | Y
i 2 4 [ ] 1

Mazimum inte ger value (5, 1)
Ax+2y=17
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Exercise D, Question 2

Question:

solve the following linear programming problems, given that integer values are required
for the decision variables.

Minimise 2x + ¥
subject to Sx+ 6y = 60
dx+v = 28

xy =10

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics Page2 of 2

Minimum integer values (&, &)

2x+y =18
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Exercise D, Question 3

Question:

=olve the following linear programming problem, given that integer values are required
for the decision wariables.

Mamimizse 5x + 2
subject to 2y = x
Sx+4dy =800
¥ =4x
xy =0

Solution:
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I+

i+

1411

1H 4,

Wi\

At 4

)
(]

Oiypective

5k + 2y

r T T
i) ] 1001

151' I'Il-'”

i T
160h | Bl
5x + dv = K

H:HZI

Selving 2y =x and 5x+4y =800 simultaneously gives I1]4%,5?%!

Test integer values nearby.

Point 2y zx | dx+4y =800 | Sx+2y
(114, 57) 7 v 684
(114, 58) v X -
(115, 57) X X o=
{115, 58) v X —

so optimal point iz (114, 57 value 654
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Exercise D, Question 4

Question:

MMasmimise 2x + ¥
subject to 3x+ 5 = 1500
3x+16y = 2400
¥y =X
xy =10
=olve this problem.

Solution:
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b =X
LI
3543
2
‘.
lln
154
/ it
h‘l
LS \
i3 A=t
'l._
] \
] t T T T | T T T -5
i] 1L} 2K 300 FI| S(K) fix) TiK) L]
Olgective line Iv4 5y = 1500 Ju+ Ly = 2400
xEy T !

Solving 3x4+16y = 2400
3x+5p=1500

sitnultanscusly gives

7 9
12631 812
.36311,8111|

Taking integer point

Point 3x+16y = 2400 | 3x4+5y 21500 2x+y
(363, 81) v X B
(363, 82) v v 208
(364, 81) v X =
(364, B2) X v =

S0 optimal integer point 15 (363, 82)
value 808
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Exercise D, Question 5

Question:

=olve this problem.
A chocolate manufacturer 12 producing two hand-made aszortments, gold and silver,
to commemeorate 50 years in business

It will take 30 minutes to make all the chocolates for one box of gold assortment and
20 minutes to make the chocolates for one box of silver assortment.

It will takee 12 minutes to wrap and pack the chocolates in one box of gold assortment
and 15 minutes for one box of silver assortment.

The manufacturer needs to malee at least twice as many silver as gold assortments.
The gold assortment will be sold at a profit of B0p, and the silver at a profit of é0p.

There are 300 hours available to make the chocolates and 200 hours to wrap them.
Maximise the profit, F.

Solution:
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)
i)+

T

ELLA] T
04

e LR

\ - Ax+ 5y = 400
LI T

q x4+ 2y = 1800
0 ¥ - v T '
0 200 400 6M) w0 10000
Chhjective
line

Intersection of 42433 = 4000 and 3x+ 2y =1800
e [142%,685%}

Testing nearby integer points

Point A%+ 5y 24000 | 3x+ 2y <1800 | 80x+60y
(142, 685) v A 52460
(142, 686) A A 52520
(143, 635) + A 52540
(143, 636) X <

go maximun integer solution 1z 52240 pennies at (143, 683),
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Exercise D, Question 6

Question:

solve thiz problem.
A floral display is required for the opening of a new building. The display must be at
least 30 m long and iz to be made up of two types of planted dizplaye, type & and type
E
Type & 12 1 m in length and costs £6
Type B iz 1.5 m in length and costs £10
The client wants at least twice as many type & as type B, and at least & of type B
The cost 15 to be minimised.

Solution:

224

Obijective ling
-+ Iy

Intersection of 2243y =60 and y =6
(21,63
cost =6x+10y  z0 minimum cost = 6x 214+ 60= £186
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Exercise D, Question 7

Question:

=solve thiz probletm.
A toy company makes two types of board game, Cludepely and Trivacrab. Az well as
the board each game requires playing pieces and cards.

The company uses two machines, one to produce the pieces and one to produce the
cards.

Both machines can only be operated for up to ten hours per day.
The first machine takez 5 minutes to produce a set of pieces for Cludepoly and

# minutes to produce a set of pieces for Trivscrab.

The second machine takes 8 minutes to produce a set of cards for Cludepoly and
4 minutes to produce a set of cards for Trivscrab.

The company knows it will zell at most three titnes as many games of Cludopoly as
Trivacrab.

The profit made on each game of Cludopoly 15 £1 50 and £2.50 on each game of
Triwscrab.

The company wishes to maximise its daily profit.

Solution:
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160 4
el
1401
120
100 4
801
60 4
(417 40 fp) ol
4014
g R
2 \"‘.\
T Sx By =GN
"o 2eey = 150
1 =y = . - T v —
I 0 | 4@ ) 80 | 100 | 130 | 140
Objective
I.5x+ 2y
Intersection of Sx4+8y = &00
_ . & 1a
2x+ =150 giving [54ﬁ, 4Dﬁ)
Points Sx+8y =600 | 2x4+ =130 15x4+2y
(54, 40) v W 161
(54,41) v v 163
(55, 40) A A 162.5
(559,41 i H

so maximum value 15 163 at {54, 417
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Exercise D, Question 8

Question:

=olve thiz problem.
A librarian needs to purchase bookeazes for a new library. She has a budget of £2000

and 240m* of available floor space. There are two types of bookcase, type 1 and
type 2, that she 15 permitted to buy.
Type 1 costs £150, needs 15m* of floor space and has 40 m of shelving.

Type 2 costs £250, needs 12m* of floor space and has 50 m of shelving.

=he mustbuy at least 8 type 1 bookcases and wants at most % of all the boolkcases to

ke type 2,
=he wizshes to maximize the total amount of shelving.

Solution:

2y =i
Su4 4y =8l

Ax+ Sy =6

Intersection of 3x +53 = &0

_ . 4 2
Sx+4v =80 giving '12E’4ﬁ|

FPoints S3x+0v =60 | Sx+dy =80 | 40x4 60
(12,4 v v 720
(12, 5) X v -
(13, 4) v’ X -
(13,5 X X —

MMamimum wvalue 15 720 at (12, 4).
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Exercise E, Question 1

Question:

Iy Baker iz making cakes and fruit loaves for sale at a charity cake stall. Each cake

requires 200 g of flour and 125 g of fuit. Each fruit loaf requires 200 g of flour and
a0 g of fruit. He has 2800 g of flour and 1000 g of fruit available

Let the number of calkes that he makes be x and the number of frwt loaves he males
be y.

a  Show that these constraints can be modelled by the inequalities
x+yv=ldandsx+ 2y =40

Each cake takes 50 minutes to cook and each frutt loaf tales 30 minutes to cook.
There are 8 hours of cooking time available.

b Obtain a further inequality, other than x20 and y =0, which models this time
constraint.

¢ On graph paper illustrate these three inequalities, indicating clearly the feasible
regio.

d It iz decided to zell the cakes for £3.50 each and the fruit loaves for £1.50 each.
Azsuming that Mr Baker sells all that he makes, write down an expression for the
amount of money F, in pounds, raised by the sale of Idr Baker's products.

e Explaining yvour method clearly, determine how many cakes and how many frut
loaves My Baker should make in order to maximise F. E

Solution:
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a flowr: 200x4+ 200y = 2800
sox+y=14
Jruit 125x 450y = 1000
so x4+ 2y =40

b Cooling tine 50x4 30y < 4380
g0 Dx+ 3y =48

d F=35x+150y
e Integer solution required (6, 3)
B =E£28.50
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Exercise E, Question 2

Question:

A qunicr librarian iz setting up a music recording lending section to leoan CDs and
cassette tapes. He has a budget of £420 to spend on storage units to display these
itetns.

Let x be the number of CD storage units and y the number of cassette storage units he
plans to buy.

Each type of storage unit occupies 0.08m®, and there is a total area of £.4m’
avatlable for the display.

a  =how that thiz information can be modelled by the inequality
x+y =80

The CD' storage units cost £6 sach and the cassette storage units cost £4.80 each

b Write down a second inequality, other than x=0 and » =0, to model this
constraint.

The CD storage unit displays 30 CD:z and the cassette storage unit displays 20
cassettes.

The chief librarian adwizes the junior librarian that he should plan to display at least
half az many caszettes as CDs

¢ Show that thiz implies that 3x =4y
d On graph paper, display your three inequalities, indicating clearly the feasible
regiot.

The librarian wishes to mazimise the total number of ttems, T, on display. Given that

T=30x+20¥

e determine how many CD storage units and how tnany cassette storage units he
should buy, briefly explaining your method. E

Solution:
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a storage: 0 08x4+ 008y = &4
go x+y=E0

b cost: 6x4+4 8y =420 z0 Sx+4y =350

¢ Display 30x = 2x 20y
Ix=dy

e Integer solution required (43, 330
He should buy 42 CD storage units and 32 cassette storage units,
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Question:

The headteacher of a school needs to hire coaches to transport all the wear 7, 8 and 9
pupils to take part in the recording of a children's television programime. There are
408 pupils to be taken and 24 adults will accompany them on the coaches The
headteacher can hire either 54 seater (large) or 24 seater (small) coaches. She needs at
least two adults per coach. The bus company has only seven large coaches but an
ample supply of small coaches.

Let x and » be the number of large and small coaches hired respectively.

a  Show that the situation can be modelled by the three inequalities:

i Sx+d4v=72
n x+y=l:z
m x=7

b  On graph paper display the three inequalities, indicating clearly the feasible
regiot.

A large coach costs £336 and a small coach costs £252 to hire.

¢ Write down an expression, in terms of x and y, for the total cost of hiring the
coaches.

d  Explain how vou would locate the best option for the headteacher, given that she
wishes to minimise the total cost.

e Find the number of large and small coaches that the headteacher should hire in
order to minimize the total cost and calculate this minimum total cost

Solution:
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a 1 Total number of people 34x+24y =2 432 20 Yx+4y 2 72
n number of adults x4+ y =12

m number of large coaches x =7

Gr+dy=T2

Hi

T rrnTrrmrs

[

2 4 X 3
1 — T -
8
Objestive
B (4x + 3n)

¢ minimise O = 336x4+ 252y
=244 x+3y)

d  Ohjective line passes through (0, 43 (3, 0%

e Integer coordinates needed (7, 30 so hire 7 large coaches and 3 small coaches
cost=£ 3108
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Exercise E, Question 4

Question:

The graph below was drawn to solve a linear programming problem. The feasible
region, B, includes the points on its boundary.

I

a  write down the inequalities that define the region B
The ohiective function, F, iz givenby P=3x4+2y .

b Find the value of x and the value of ¥ that lead to the mazimum value of P Make
vour method clear.

¢ 1 Give anezample of apractical inear programming problem in which it would
ke necessary for the variables to have integer walues,

il (Hwven that the solution must have integer values of x and v, find the values
that lead to the maximum walue of F

Solution:
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a dx+oy=47

y=2x—8
dy—x—8 =0
xy=0
b Solving simultanecus equations y=2x—8&
Ax+5y =47
3 3
I6ﬁ’ 4TI

¢ 1 Forezample where x and y
*  types of carto be hired
s number of people, etc.

o6, 4)
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Exercise E, Question 5

Question:

A company produces plates and mugs for local seuvenir shops The plates and mugs
are manufactured in a two-stage process. Each day there are 200 minutes available for
the completion of the first stage and 400 minutes available for the completion of the
second stage. In addition the mugs require some hand painting. There are 150 minutes
available each day for hand painting

Product | Stage 1 Stage 1 Hand
painting
Plate ol 5 —
2
hug ] 2 2

The abowe table shows the production time, in minutes, required for the plates and the
mugs.

All plates and mugs made are zold. The profit on each plate sold 15 £2 and the profit
on each mug sold is £4 The company wishes to determine how many plates and
mugs to make so as to maximise its profits each day.

Let x be the number of plates made and » the number of mugs made each day.

a Write down the three constraints, other than x =0,y 20, satisfied by x and ».

b Write down the objective function to be maximised.

¢ Using the graphical method, solve the resulting linear programming problem.
Determine the optimal number of plates and mugs to be made each day and the
resulting profit,

d When the optimal selution is adopted determine which, if any, of the stages has
available time which 15 unused State the amount of unuszed time. K

Solution:
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d

S 2y =40

16l

il

&l yETS

Al Vi A O VT A A VIR

-

i =

20

I L)
] N 40 ) = 100 120 140h

22 x+3y 300 [Sx+6) < 600]
Sx4 2y =400
oy £150 [y =75]

Wazimise FP=2x+4y

(30, 75) P =360

The optimal point 15 at the intersection of ¥ =75 and 2%x+3y =300,

So the constraint 2x+ 2y =400 15 not at i1ts limit.
At (=075 S5x+ 2y =300 zo 100 minutes are unused.
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Exercise E, Question 6

Question:

Two fertilizers are available, a liquid X and a powder 7 A bottle of X contains 5 units

of chemical A, 2 unite of chemical B and ;— unit of chemical O A packet of ¥

containg 1 unit of A, 2 unitz of B and 2 unitz of ' A professional gardener makes her
own fertilizer. She requires at least 10 units of A, at least 12 unitz of B and at least &
unite of & She buys x bottles of X and v packets of ¥

a Write down the inequalities which model this situation.

b Construct and label the feasible region.
A bottle of X costs £2 and a packet of ¥ costs £3

¢ Write down an expression, interms of x and v, for the total cost £7

d  Tsing your graph, ohtain the walues of x and y that give the minimum wvalue of T
Make your method clear and calculate the minimum walue of T

e Suggest how the situation might be changed so that it could noe longer be
represented graphically.

Solution:
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a Chemical & Sx+y =10
Chemical B 2x+2y 212 [x+y26]

Chemical C Zx+2y26 [x+4y212]

ny=6

b
e gt
r+v= 10
1',1 -
Ohjective line
2w Ay

¢ T=2x+3y
d 4,2 T=14

e Ifthere were 3 or tore variables the problem could not be solved graphically,
=0 adding a third fertilizer z, would mean a graphical method could not be uzed.
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