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721338S MATHEMATICAL ECONOMICS
Final exam
12.8.2019

1. Tt is summertime, and there are mosquitos and spiders in a yard (and no other creatures). Let us
assume that each mosquito has one head and six legs, and each spider has one head and eight legs.
Altogether, there are 20 heads and 140 legs in the yard.

(a) Let = be the number of mosquitos and y the number of spiders. Write down two equations,
where the first equation describes a relationship between z and y and the number of heads in
the yard, and the second equation describes a relationship between x and y and the number

of legs in the yard. (5 p.)
(b) Write this system of equations in matrix form Az = b. (5 p.)
(c) Is A invertible? (Here, you do not need to find the inverse matriz if it exists.) (5 p.)
(d) Solve z and y. (5 p.)

2. Consider the following national-income model

Y =C + Iy + Go,
C=a+pY-T),
T =~ +0Y,

where Y is national income, C is consumption, I is investment, Gy is government expenditure, T'
is taxes, and «,y > 0 and 0 < 8,8 < 1 are parameters.

(a) Find the equilibrium income Y™* in terms of In, Go, and the parameters. (Hint: substitute the
lust equation into the second and, then, the second equation into the first one.) (10 p.)
(b) What happens to the equilibrium income Y* when Gy increases? (10 p.)

3. Consider a simple two-period model where a consumer’s utility function is given by

U(z,y) = zy.
Here, z and y are consumptions in periods 1 and 2, respectively. The consumer has a budget B

and faces a market interest rate r, and so his/her intertemporal budget constraint is given by
T+ Y _B
1+7

The purpose is to find a utility maximing bundle (z*, y*).

(a) Form the Lagrangian and find the critical points. (10 p.)
(b) Form the bordered Hessian at the critical point(s). (There is no need to qualify them.) (5 p.)
(c) Explain shortly what is the interpretation of the Lagrange multiplier A in this exercise. (5 p.)

4. Consider the following equation

x? + 4% 4+ 2% + 22y + 3yz = 11.

(a) Let z =0 and y = 2. Find a positive z* such that the above equation holds. (5 p.)
(b) Show that z is a function of y and z in some neighbourhood of the point (0,2,2*). (10 p.)
(c) Find ‘g—; and 42 at the point (0,2, z*). (5p.)
5. (a) Solve the differential equation y'(t) = —2¢ under the initial condition y(0) = 1. (10 p.)

(b) Consider the following discrete time model of supply (Qf) and demand (QY), where P; denotes
the price at time ¢:

Qf =@,
Q¢ =20 — 4P,
Qi =—-4+2P_;.
Solve the price P; as a function of t when Py = 4. (10 p.)



