EF2452: Mathematics for Economics and Finance Sem A 2024-2025

Practice Problem Set 5 Solutions

Question 1: Use the Lagrangean method to find the positive values of x and y which

maximize
2y T

y+2+x+1

subject to the constraint x + y = 120.

The Lagrangean is

2y T
L A =—— - A — 120

where A is a new variable known as the Lagrange multiplier. Then, the solution to the

constrained optimization problem can be found by solving the equations

oL 1
—=—=-X=0
or  (x+1)?
oL 4
—=—--2=0
oy~ (y+2p
oL
— = —120=0
a r+y

From the first two equations, eliminating A, we have

1 4

CESIENOESE
So, given that 2,y > 0, y + 2 = 2(x 4+ 1) and hence

Yy =2x

Then the third equation gives 3x = 120, so we have

Question 2: For which value of ¢ is the following system of equations consistent?

1+ To+ 13 =2
21‘1+[E2+2£L‘3:5
4$1+3JI2+41’3:C
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The augmented matrix is
11 1]2

A=1]1 21 2|5
4 3 4|c

Performing row operations to reduce the above to echelon form, we have

1 11 2

4R1—R3—R3 2 1 2 5
01 0|8—c¢

11 2

Ro—2R1—R> O 1 0 1
1 0]8—c¢

1 11 2

Y i

0 0 0]9—-c

Looking at the bottom row of the last matrix, we see that the system of equations is incon-

sistent unless 9 — ¢ = 0; that is, it is consistent only when ¢ = 9.

Question 3: Find the inverse of the matrix

1 2
A= 1 3
-1 0
We form the matrix
1 2 471 00
(AlI) = 1 3 6[(0 10
-1 0 110 0

Performing elementary row operations, we have

1 2 471 0 0
(A= 136/010
~1 0

101/00 1
12 41 0
Ftfsols 113 610
0 0
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1 2 4 1 0
e N I

0 2 5 1 0

1 2 4 1
R3—2R2—)R3 0 _1

124 1 0 0
2Bl o1 0] -7 5 -2
001 3 -2 1
12 0]-11 8 —4
B2l g 1 00 =7 5 =2
001 3 -2 1
100 3 -2 0
ol g 1 00 -7 5 -2
001 3 -2 1

This is now in the form (I|B), so we deduce that A is invertible and that

3 -2 0
A= -7 5 —2
3 -2 1

Question 4: Suppose that the numbers z; and x5 satisfy the equations
r1 — ZIQ =3

Find z; and x5 using Cramer’s rule. 31 + dxg = 20

We have the following system of linear equations

() -(a)

By Cramer’s rule, we have

P

2 BT R G [ N
'1 _2’ LE) - (2)@E) 1
3 5
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’il% 23‘ _ e -E)E) 1,
IQ_‘l _2‘_ 11 11
3 5

Question 5: An economy has four industries: coal, iron, electricity, and railways. To pro-
duce $1 of coal requires $0.10 worth of iron, $0.20 of electricity and $0.50 rail costs for
transportation. To produce $1 of iron requires $0.60 worth of coal for fuel, $0.01 of elec-
tricity and $0.20 for transport. To produce $1 of electricity requires $0.50 worth of coal for
fuel, $0.02 of electricity for the auxiliary equipment, and $0.01 for transport. To provide $1
worth of transport, the railway requires $0.50 coal for fuel, $0.20 iron, and $0.25 electricity.
Each week, the external demand for coal is $8000, the external demand for iron is $1000, the
external demand for electricity is $4000, and the external demand for the railway is $6000.

Write down the equation which determines the production schedule for these industries.

Let x1, x9, 3 and x4 be the amount of coal, iron, electricity, and railways measured in dollars.

We then have
z1 = 8000 + 0.6x9 + 0.523 + 0.514

r3 = 4000 + 0.227 + 0.0125 4+ 0.0225 + 0.25x4
x4 = 6000 4 0.521 + 0.225 + 0.0125

In matrix form, the system is

1 8000 0 06 05 05 1
1000 0.1 0 0 02
X = T2 = —|— 2 - d + AX
T3 4000 0.2 0.01 0.02 0.25 T3
T4 6000 0.5 0.2 0.01 0 T4

and so we need to solve the equation (I — A)x = d, that is

1 -06 —-05 —05 7 8000
0.1 1 0 —02 za || 1000
0.2 —0.01 098 —0.25 zs || 4000
05 —02 —0.01 1 4 6000
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