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Tutorial questions are starred. Advanced questions are marked A.

1. Two towns A and B, which are a distance c apart and at distances a and b
respectively from a long straight river, agree to build a joint water pumping
station P on the river. Separate pipelines are to run from P to A and from P
to B, and P is to be sited to minimise the total length z of the pipelines. Let
O be the point on the river closest to A and let x be the distance of P along
the river from O.

(a) Formulate the problem mathematically.

(b) Find a necessary condition, which x must satisfy, for z to take a mini-
mum value. By interpreting this condition geometrically, show that the
minimum value of z is

√
c2 + 4ab.

2A Suppose that in the previous question, a single pipeline is to run inland a
distance y from P to a junction J , from where separate pipelines are to run
to A and B. P and J are to be sited to minimise the total length z of the
pipelines.

(a) Show that PJ must be perpendicular to OP .

(b) Formulate the problem mathematically, stating any constraints.

(c) What are necessary conditions for z to take a minimum value ?

(d) By interpreting these conditions geometrically (similarly to the previous
question), show that

z =
1

2
(a+ b− d tan θ) +

d

cos θ
,

where d =
√
c2 − (b− a)2 and θ is the angle between AJ and OP (hard).

Hence find the minimum value of z.



In Questions 3–7 formulate the LP problems mathematically and then solve them
graphically. That is, obtain the feasible corner point solutions in each case, evaluate
the objective function at these points and then identify the optimal solution.

3∗ A manufacturer of lawn products wants to prepare a fertilizer by mixing two
ingredients, GROW and THRIVE. Each kg of GROW contains 4 gm of nitrogen
and 4 gm of phosphate, while each kg of THRIVE contains 10 gm of nitrogen
and 2 gm of phosphate. The final product must contain at least 100 gm of
nitrogen and at least 60 gm of phosphate. If each kg of GROW costs $1.00 and
each kg of THRIVE costs $1.50, how many kg of each ingredients should be
mixed if the manufacturer wants to minimize his cost?

4∗ John Smith installs and then demonstrates burglar alarms. There are two
burglar alarms that he installs, types A and B. Type A requires 1 hour to
install and 1

4 hour to demonstrate. Type B requires 2 hours to install and
1
2 hour to demonstrate. Union rules require Smith to work a minimum of
20 hours per week as an installer and a maximum of 20 hours per week as a
demonstrator. If he gets paid $13 per hour for installing and $10 per hour
as a demonstrator, how many alarms of each type should Smith install and
demonstrate each week to maximize his earnings?

5∗ A hospital wants to design a dinner menu containing two items M and N . Each
gm of M provides 1 unit of vitamin A and 2 units of vitamin B. Each gm of
N provides 1 unit of vitamin A and 1 unit of vitamin B. The two dishes must
provide at least 7 units of vitamin A and at least 10 units of vitamin B. If each
gm of M costs 8 cents and each gm of N costs 12 cents, how many gm of each
item should the hospital serve to minimize its cost?

6. Holiday Airline Service wants to fly 1000 members of a travel club to Rome.
The airline owns two types of planes, Type A can carry 100 passengers and
type B can carry 200 passengers. Type A will cost the airline $10,000 for the
trip and type B will cost $12,000 for the trip. If each aeroplane requires eight
stewardesses and there are only 48 stewardesses available, how many planes of
each type should be used to minimize the airline’s cost for the trip?

7. An investment banker has funds available for investing. He can purchase a type
A bond yielding a 5% return on the amount invested and he can purchase a
type C bond yielding at 10% return on the amount invested. His client insists
that he invest at least twice as much in A as in C, but no more than $6000 in
A and no more than $1500 in C. How much should be invested in each kind of
bond to maximize the client’s return?

8A A marketing organization has up to $120,000 to spend on a radio, newspaper
and TV advertising campaign for an expensive sports car.

To be effective the campaign should reach at least 2,500,000 people, half of
whom should be in the middle to upper income brackets and at least 500,000
should be adult males.



The relevant data is

Radio Newspapers Television
Cost per advertising unit $120 $100 $2, 000
People reached per unit 3, 000 2, 000 60, 000
Persons reached in middle/upper

incomes per unit 1, 000 1, 500 25, 000
Adult males reached per unit 300 1, 000 8, 000

In addition, it is decided to use at least 150, 100 and 10 advertising units on
radio, newspapers and TV, respectively.

Determine the optimal advertising strategy.

9A One of the interesting social experiments in the Mediterranean region is the sys-
tem of kibbutzim, or communal farming communities, in Israel. It is common
for groups of kibbutzim to join together to share common technical services
and to coordinate their production. This question concerns one such group of
three kibbutzim, which we call the Southern Confederation of Kibbutzim.

Overall planning for the Southern Confederation of Kibbutzim is done in its
Coordinating Technical Office. This office currently is planning agricultural
production for the coming year.

The agricultural output of each kibbutz is limited by both the amount of avail-
able irrigable land and by the quantity of water allocated for irrigation by the
Water Commissioner (a national government official). These data are given
below:

Kibbutz Usable land Water allocation
(ha) (Ha.m)

1 400 600
2 600 800
3 300 375

The crops suited for this region include sugar, beets, cotton and sorghum and
are the only ones being considered for the upcoming season. These crops differ
primarily in their expected net return per hectare and their consumption of
water. In addition, the Ministry of Agriculture has set a maximum quota for
the total hectarage that can be devoted to each of these crops by the Southern
Confederation of Kibbutzim, as shown next:

Maximum Water Net
Crop

quota consumption return
(Ha) (Ha.m/Ha) ($/Ha)

Sugar Beets 600 3 400
Cotton 500 2 300
Sorghum 325 1 100

The three kibbutzim belonging to the Southern Confederation have agreed that
every kibbutz will plant the same proportion of its available irrigable land.
However, any combination of the crops may be grown at any of the kibbutzim.
The job facing the Coordinating Technical Office is to plan how many hectares
to devote to each crop at the respective kibbutzim while satisfying the above
restrictions. The objective is to maximize the total net return to the Southern
Confederation as a whole.


