Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group A)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $10, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (0, 10).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (0,50) and Bob’s
endowment is wP= (50, 0).

The utility function of both Andy and Bob is the same and given by

U(z1,25)=3Inz1+3Inx,

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $500 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $100 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $100,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group B)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $4, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (0,4).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (20,0) and Bob’s
endowment is wP= (0, 20).

The utility function of both Andy and Bob is the same and given by

U(z1,25)=5Inz1+5lnx,

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $100 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $200 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $50,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group C)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $6, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (6,0).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (40,0) and Bob’s
endowment is wP= (0, 40).

The utility function of both Andy and Bob is the same and given by

U(x1,25)=2Inz1+2In 29

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $50 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $1000 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $40,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group D)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $2, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (2,0).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (10,0) and Bob’s
endowment is wP= (0, 10).

The utility function of both Andy and Bob is the same and given by

U(z1,25)=8lnz1+8Inx,

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $200 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $1000 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $60,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 703
Intermediate Microeconomics
Prof. Marek Weretka

Answer Keys to midterm 2 (Group A)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]

a) 0.5-$10 + 0.5 - $0 = $5(2pt).

b) With the Bernoulli utility function u(c) = ¢?, the v.N.M. expected utility functionis U(Cr,Cx) =
0.5C% + 0.5C% (1pt). Since u(c) = ¢* is a convex function, I am risk loving (2pt). The certainty
equivalent CE is the amount of sure money s.t. U(CE,CE) = CE? = U(0,10) = 50, i.e. CE = 5v/2
(2pt). CE is larger than EV, because I am risk loving (2pt).

c¢) With the Bernoulli utility function u(c) = ¢?, the v.N.M. expected utility functionis U(Cr,Cy) =
0.5InC7r + 0.5In Cx (1pt). Yes, I'm risk averse (2pt), since u(c) = Inc is a concave function.

d) As Cr = (1—7)x and C = 4 —~z with v = .5, we obtain the budget constraint Cr+ Cy = 10
(2pt). Its graph has the Cr intercept on (Cr, Cxn) = (10,0), the Cy intercept on (Cr,Cn) = (0, 10),
and the slope -1 on the Cp-Cn plane (2pt). The endowment point should be plotted on (Cp,Cy) =
(0,10) (1pt).

e) Now I should maximize the utility U(Cr, Cy) = 0.5C%+0.5C%, on the constraint Cr+Cy = 10.
The magic formula yields Cr = (1/2) - (10/1) =5 (Ipt) and Cy = (1/2) - (10/1) =5 (1pt). Plugging
this into Cy = 4 — vz, we obtain = 10 (2pt). The optimal point should be plotted on (5,5) (1pt).
Yes, I am fully insured (1pt) since Cr = C.

f) eg. v =1 (2pt). Actually I would be partially insured, i.e. Cp < Cy under any premium rate
larger than 0.5.

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation, as
long as you clarified it.]

a) The Edgeworth box should have length of 50 on each axis (1pt). The endowment is (50,0)
looked from A’s origin, i.e. (0,50) from B’s origin (1pt). [This is a single point in an Edgeworth box. And,
it cannot be an origin.]

b) ... if none could not be better off (by another feasible allocation) unless anyone is worth off
(th). [MRS# = MRSB: no point since it is just a mathematical equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency is
wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The curve’s
name, namely “an indifference curve”, should be clarified.]

Necessity (4pt): If MRS4 # M RSP at an allocation x, both people’s indifference curves should
cross each other at z and thus we can find a point between them. Because this point is above each
indifference curve looked from the people’s origin, this allocation is better than x for both and thus
the allocation x is not Pareto efficient. [The proof should start with MRS4 # MRSP and end with Pareto
inefficiency of x. Graph is needed. On the graph, you need to specify another allocation that improves their utilities. If
you wrote two separate points and two separate curves for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RS? at an allocation x, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than x for both people and x is Pareto efficient. [The
proof should start with MRS4 = MRSE at x and end with Pareto efficiency of z. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) As we proved above, the Pareto efficiency is equivalent to M RS4 = M RSE | given the feasibility
of the allocation z{ + 2P = 50,24 + =¥ = 50. So we solve

~3/af 3/(50 — af)
~3/af  3/(50 - ap)

MRSA (x4, z3h) = MRSB (50 — 271,50 — a3}).

LA Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.



Then we obtain z{' = x3' [or 2B = 28] (3pt). This is the equation for the contract curve. [You need to

clarify whose consumption it is.] Graphically it is the line starting from the origin of A with slope 1, i.e.
the diagonal line connecting the two origins of the Edgeworth box (1pt).

e) Let the equilibrium price be (p1,p2). Then, Andy should maximize his utility U4 (zf, z4') =
3lnz{ +31Inz4 on the budget constraint pyz{* + poa4 = 50p;. The magic formula yields his optimal
consumption bundle

A _ 150p

oA _ 150py P1
' 2 ; '

=25 = =95
275 D2 D2

Bob should maximize his utility UZ(z2,28) = 3In2P + 3Inz2 on the budget constraint p;x¥ +

poxP = 50py. The magic formula yields his optimal consumption bundle

o8B 1502 oepa g 150p

= = = 25.
Y2y p P2 p

The feasibility (a.k.a. market clearing) of the allocation requires?

xf‘+xf:25+25%:50, Sop2=p1 #0.

1
Plugging this into the above optimal bundles, we obtain 4! = 25 (2pt), 24 = 25 (2pt), 2P = 25 (2pt)
and ¥ = 25 (2pt). The equilibrium price (p1,p2) can be any pair of two positive numbers as long as
p1 = po: for example, py = 1,py =1 (2pt). [No partial credit for only p1 or pa.]

f) As we argued, p1,p2 can be any pair of two positive numbers as long as p; = p2 and different
from the answer in e): for example, p; = 2,py = 2 (2pt).

g) At the equilibrium allocation ((z4!,24), (zP,28)) = ((25,25), (25,25)), the two’s MRSs are

3/25 3/25

MRS#(25,25) = -L—= =1, MRSP(25,25) =" =

So we have MRS = —1 = M RSP and thus this equilibrium allocation is Pareto efficient (2pt).
[M RS must be calculated.]

Problem 3. a) PV =100/(1.05) + 100/(1.05)% + ... = 10000 (dollars, 4pt).

b) Sam should maximize his utility U = InC; + In Cy on the budget constraint C; + Co = 200
(as Cy + S = 200,Cy = S.) The magic formula yields his optimal consumption bundle Cy = (1/2) -
(200/1) = 50 (2pt), C2 = (1/2)-(200/1) = 50 (2pt). Plugging this into Cy = S, we have S = 50 (2pt).
Yes, he’s smoothing (1pt) as C; = Csy. No, he’s not tilting (1pt) as C; = Cs. [If you answered only either
one question and did not clarify which question you answered, you get no point.]

c) The production function y = 2K3L'/? implies the marginal productivity of labor MP; =
(1/2) - 2K3L~Y? = K3L~'/2. In particular, MP, = L=%/? at K = K = 1. Solving the secret
of happiness MP;, = L~'/?2 = w/p, we find the short-run labor demand LP = (w/p)~2? where p
is the product’s price and w is wage (4pt). [Thus w/p is the real wage rate. It is not enough to state only
the secret of happiness; the demand L should be explicitly determined.?] Solving the demand-supply equality
LP = (w/p)~2 = 16 = L7, we obtain the equilibrium real wage w/p = 1/4 (2pt). The equilibrium
point (L, w/p) = (16,1/4) must be plotted on a graph (1pt).

d) (6pt.) The annual consumption C' (thousand dollars) is determined from

100 10 o Cc o C /1 Y10 /1 \C
1.05 1.0540 © 1.05 1.0560 - 1.0540 J 1.05 1.05-60 | 1.05°

[Further simplification gets full points.]

2We do not have to consider the market clearing of the other good 2: Walras’s theorem. Notice that if p; = 0 then
p2/p1 = oo and the equation does not hold; so we need p; # 0 too.

3Also I saw so manyy answers “LP = L=1/2”. this does not make sense at all, as it is read as the short-run
labor demand LT is the inverse of the square root of L and we must ask what is L. L = L is the solution of
MPy, = L=1/2 = w/p, but not a number on either side of this equation.



Problem 4. a) DRS (Ipt). This is because F(AK, AL) = (A\VAKV/4)(AV/ALYA) = \V2KVALYA =
M2FP(K,L) < \Y2F(K, L) [if x> 1] (4pt). [Here F(k,1) is the output from K =k and L = L]
b) The secret of happiness is

MPyr  0.25K 34014 2wy

= = - = — * K = L
MPL 0.25K1/4L_3/4 2 wr, ’ o
To achieve the production of y = F'(K, L), we need
y=F(K,K)=K"? - K=L=y

So the cost function is C' = 2K + 2L = 2y? + 2y* = 4y? (4pt).* Graph should be drawn on the y-C
plane (1pt).
c) Solving MC(y) = 8y = (4y>+2)/y = ATC(y), we obtain yMES = 1/1/2 (2pt) and ATCMFS =
ATC(yMP%) = MO(yMP) = 4v2 (2pt).°
d) (6pt for giving both the function and the graph.) The optimal supply should satisfy p = 8y* =
MC(y*),ie. y* = p/8. But when p < ATCMPS = 41/2, the firm cannot get positive profit even from
the optimal supply and thus should quit the production.
The supply function S(p) is therefore
50 = {p/g 2 a2
0 if p < 4v/2.
On the y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical
axis) for p < 44/2.

Just for fun The secret of happiness for profit maximization is
MPg = pwx, MPL=pwr.

Here p is the product price, M P; is the marginal productivity of factor ¢, and w; is the price of factor

1. These two equations imply
MPK - WK .

MP,  wp’
6

i.e. the secret of happiness for cost minimization.

40r, you can think of maximization of Y = F(K, L) = KY/4[1/4 on the constraint 2K + 2L = c, thinking Y as a
variable and c as a constant. Then the magic formula of Cobb-Douglas (utility) maximization implies K = (1/2)(¢/2) =
¢/4 and L = (1/2)(¢/2) = ¢/4. Then we obtain at the maximum Y = (¢/4)1/4(c/4)1/% = (¢/4)1/2, i.e. ¢ =4Y?2. That
is, when Y = y is given, the budget/cost C' = 4y? is needed to achieve this y at the optimum.

5Maybe ATCMES is casier to calculate from MC(yMFS) than from ATC(y™FS), though they should yield the
same number.

6S0 there’s a close link between maximization and minimization. This link is called duality and was a driving force
of mathematical economic theory during 1970s-80s: see Varian’s textbook for graduate and advanced undergraduate,
Microeconomic Analysis. And, you will use it in undergraduate linear programming, like Computer Science 525: see
Ferris, Mangasarian, and Wright, Linear Programming with MATLAB, SITAM-MPS, 2007.
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Solutions to midterm 2 (Group B)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]
a) $2 (2pt). b) U(Cr,Cx) = 0.5C2 +0.5C%, (1pt). Risk loving (2pt). CE = 2v/2 (2pt). Larger than
EV, because I am risk loving (2pt). ¢) U(Cr,Cn) =0.5InCr + 0.5In Cy (1pt). Yes, I'm risk averse
(2pt). d) Cr+Cn =4 (2pt). Graph is needed on the Cp-Cy plane and its position must be clarified
with slope and intercepts (2pt). Plot a point on (Cr,Cn) = (0,4) for endowment (1pt). e) Cp = 2
(Ipt). Cny =2 (Ipt). x =4 (2pt). Plot a point on (2,2) (1pt). Yes, fully insured (1pt). f) eg. y=1
(2pt). [Any number larger than 0.5 because we need Cy > Cr.]

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation,
as long as you clarified it.] a) The Edgeworth box should have length of 20 on each axis (1pt). The
endowment is (20,0) looked from A’s origin, i.e. (0,20) from B’s origin (1pt). [This is a single point in
an Edgeworth box. And, it cannot be an origin.] b) ... if none could not be better off (by another feasible
allocation) unless anyone is worth off (2pt). [MRSA = MRSB: no point since it is just a mathematical
equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency
is wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The
curve’s name, namely “an indifference curve”, should be clarified.] Necessity (4pt): If MRSA #* MRSE at
an allocation z, both people’s indifference curves should cross each other at x and thus we can find
a point between them. Because this point is above each indifference curve looked from the people’s
origin, this allocation is better than x for both and thus the allocation z is not Pareto efficient. [The
proof should start with MRSA # MRSE and end with Pareto inefficiency of z. Graph is needed. On the graph, you
need to specify another allocation that improves their utilities. If you wrote two separate points and two separate curves
for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RSP at an allocation 2, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than z for both people and « is Pareto efficient. [The
proof should start with M RS# = MRSE at x and end with Pareto efficiency of x. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) :17‘14 = Iéq [or 2P = 28] (3pt). [You need to clarify whose consumption it is.] The diagonal line connecting
the two origins of the Edgeworth box (1pt). e) 21 = 10 (2pt). 24 = 10 (2pt). 2P =10 (2pt). 28 =10
(2pt) p1=1,p=1 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2. No partial credit
for only py or p2.] f) pL=2,p3 =2 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2 and
different from your answer in e).] g) MRSA = —1 = MRSP? and thus this equilibrium allocation is Pareto
efficient (2pt). [MRS must be calculated.]

Problem 3. a) $2000 (4pt). b) C; = 100 (2pt). Cy = 100 (2pt). S = 100 (2pt). Yes, he’s
smoothing (1pt). No, he’s not tilting (1pt). [If you answered only either one question and did not clarify
which question you answered, you get no point.] ¢) Demand: LP = (w/p)*2 where p is the product’s price
and w is wage (4pt). [Thus w/p is the real wage rate] Equilibrium real wage: w/p = 1/4 (2pt). The
point (L,w/p) = (16,1/4) must be plotted on a graph (1pt). d) (6pt.) The annual consumption
C (thousand dollars) is determined from {1 — (1.05)7*°} - 50/1.05 = {1 — (1.05)75°} C//1.05. [Further

simplification gets full points.]

Problem 4. a) DRS (I1pt). This is because F(tK,tL) = t'/?KY4[1/* = 1/2F(K,L) < tF(K, L)
if ¢ > 1] (4pt). [Here F(k,l) is the output from K = k and L = 1] b) C = 4y? (4pt). Graph is needed on
the y-C plane (1pt). c) yMPS = 1//2 (2pt). ATCMES = 44/2 (2pt). d) (6pt for giving both the
function and the graph.) The supply function S(p) is p/8 for p > 4v/2, and 0 for p < 4v/2. On the
y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical axis) for

p < 4v2.

1A Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.
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Solutions to midterm 2 (Group C)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]
a) $3 (2pt). b) U(Cr,Cx) = 0.5C2 +0.5C%, (1pt). Risk loving (2pt). CF = 3v/2 (2pt). Larger than
EV, because I am risk loving (2pt). ¢) U(Cr,Cn) =0.5InCr + 0.5In Cy (1pt). Yes, I'm risk averse
(2pt). d) Cr+Cn = 6 (2pt). Graph is needed on the Cp-Cy plane and its position must be clarified
with slope and intercepts (2pt). Plot a point on (Cr,Cn) = (0,6) for endowment (I1pt). e) Cr =3
(Ipt). Cny =3 (Ipt). x =6 (2pt). Plot a point on (3,3) (1pt). Yes, fully insured (1pt). f) eg. y=1
(2pt). [Any number larger than 0.5 because we need Cy > Cr.]

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation,
as long as you clarified it.] a) The Edgeworth box should have length of 40 on each axis (1pt). The
endowment is (40, 0) looked from A’s origin, i.e. (0,40) from B’s origin (1pt). [This is a single point in
an Edgeworth box. And, it cannot be an origin.] b) ... if none could not be better off (by another feasible
allocation) unless anyone is worth off (2pt). [MRSA = MRSB: no point since it is just a mathematical
equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency
is wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The
curve’s name, namely “an indifference curve”, should be clarified.] Necessity (4pt): If MRSA #* MRSE at
an allocation z, both people’s indifference curves should cross each other at x and thus we can find
a point between them. Because this point is above each indifference curve looked from the people’s
origin, this allocation is better than x for both and thus the allocation z is not Pareto efficient. [The
proof should start with MRSA # MRSE and end with Pareto inefficiency of z. Graph is needed. On the graph, you
need to specify another allocation that improves their utilities. If you wrote two separate points and two separate curves
for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RSP at an allocation 2, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than z for both people and « is Pareto efficient. [The
proof should start with M RS# = MRSE at x and end with Pareto efficiency of x. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) :17‘14 = Iéq [or 2P = 28] (3pt). [You need to clarify whose consumption it is.] The diagonal line connecting
the two origins of the Edgeworth box (1pt). e) 21 = 20 (2pt). 24 = 20 (2pt). 2P =20 (2pt). 28 =20
(2pt) p1=1,p=1 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2. No partial credit
for only py or p2.] f) pL=2,p3 =2 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2 and
different from your answer in e).] g) MRSA = —1 = MRSP? and thus this equilibrium allocation is Pareto
efficient (2pt). [MRS must be calculated.]

Problem 3. a) $1000 (4pt). b) C; = 500 (2pt). Cy = 500 (2pt). S = 500 (2pt). Yes, he’s
smoothing (1pt). No, he’s not tilting (1pt). [If you answered only either one question and did not clarify
which question you answered, you get no point.] ¢) Demand: LP = (w/p)*2 where p is the product’s price
and w is wage (4pt). [Thus w/p is the real wage rate] Equilibrium real wage: w/p = 1/4 (2pt). The
point (L,w/p) = (16,1/4) must be plotted on a graph (1pt). d) (6pt.) The annual consumption
C (thousand dollars) is determined from {1 — (1.05)7%°} - 40/1.05 = {1 — (1.05)75°} C//1.05. [Further

simplification gets full points.]

Problem 4. a) DRS (I1pt). This is because F(tK,tL) = t'/?KY4[1/* = 1/2F(K,L) < tF(K, L)
if ¢ > 1] (4pt). [Here F(k,l) is the output from K = k and L = 1] b) C = 4y? (4pt). Graph is needed on
the y-C plane (1pt). c) yMPS = 1//2 (2pt). ATCMES = 44/2 (2pt). d) (6pt for giving both the
function and the graph.) The supply function S(p) is p/8 for p > 4v/2, and 0 for p < 4v/2. On the
y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical axis) for

p < 4v2.

1A Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.
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Solutions to midterm 2 (Group D)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]
a) $1 (2pt). b) U(Cr,Cx) = 0.5C2 + 0.5C% (1pt). Risk loving (2pt). CE = /2 (2pt). Larger than
EV, because I am risk loving (2pt). ¢) U(Cr,Cn) =0.5InCr + 0.5In Cy (1pt). Yes, I'm risk averse
(2pt). d) Cr+Cn =2 (2pt). Graph is needed on the Cp-Cy plane and its position must be clarified
with slope and intercepts (2pt). Plot a point on (Cr,Cy) = (0,2) for endowment (1pt). e) Cpr =1
(Ipt). Cy =1 (Ipt). x =2 (2pt). Plot a point on (1,1) (1pt). Yes, fully insured (1pt). f) eg. y=1
(2pt). [Any number larger than 0.5 because we need Cy > Cr.]

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation,
as long as you clarified it.] a) The Edgeworth box should have length of 10 on each axis (1pt). The
endowment is (10,0) looked from A’s origin, i.e. (0,10) from B’s origin (1pt). [This is a single point in
an Edgeworth box. And, it cannot be an origin.] b) ... if none could not be better off (by another feasible
allocation) unless anyone is worth off (2pt). [MRSA = MRSB: no point since it is just a mathematical
equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency
is wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The
curve’s name, namely “an indifference curve”, should be clarified.] Necessity (4pt): If MRSA #* MRSE at
an allocation z, both people’s indifference curves should cross each other at x and thus we can find
a point between them. Because this point is above each indifference curve looked from the people’s
origin, this allocation is better than x for both and thus the allocation z is not Pareto efficient. [The
proof should start with MRSA # MRSE and end with Pareto inefficiency of z. Graph is needed. On the graph, you
need to specify another allocation that improves their utilities. If you wrote two separate points and two separate curves
for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RSP at an allocation 2, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than z for both people and « is Pareto efficient. [The
proof should start with M RS# = MRSE at x and end with Pareto efficiency of x. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) :17‘14 = Iéq [or 2P = 28] (3pt). [You need to clarify whose consumption it is.] The diagonal line connecting
the two origins of the Edgeworth box (Ipt). e) xf' =5 (2pt). 24 =5 (2pt). 22 =5 (2pt). 28 =5
(2pt) p1=1,p =1 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2. No partial credit
for only py or p2.] f) pL=2,p3 =2 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2 and
different from your answer in e).] g) MRSA = —1 = MRS? and thus this equilibrium allocation is Pareto
efficient (2pt). [MRS must be calculated.]

Problem 3. a) $4000 (4pt). b) C; = 500 (2pt). Cy = 500 (2pt). S = 500 (2pt). Yes, he’s
smoothing (1pt). No, he’s not tilting (1pt). [If you answered only either one question and did not clarify
which question you answered, you get no point.] ¢) Demand: LP = (w/p)*2 where p is the product’s price
and w is wage (4pt). [Thus w/p is the real wage rate] Equilibrium real wage: w/p = 1/4 (2pt). The
point (L,w/p) = (16,1/4) must be plotted on a graph (1pt). d) (6pt.) The annual consumption
C (thousand dollars) is determined from {1 — (1.05)7%°} - 60/1.05 = {1 — (1.05)75°} C//1.05. [Further

simplification gets full points.]

Problem 4. a) DRS (I1pt). This is because F(tK,tL) = t'/?KY4[1/* = t'/2F(K,L) < tF(K, L)
if ¢ > 1] (4pt). [Here F(k,1) is the output from K = k and L = 1] b) C = 4y? (4pt). Graph is needed on
the y-C plane (1pt). c) yMES = 1//2 (2pt). ATCMES = 44/2 (2pt). d) (6pt for giving both the
function and the graph.) The supply function S(p) is p/8 for p > 4v/2, and 0 for p < 4v/2. On the
y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical axis) for

p < 4v2.

1A Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.
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Midterm 2 (Group A)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25+35+15+25=100
points) + a bonus (10 "extra" points). Make sure you answer the first four questions before working on the
bonus one!

Problem 1 (25p). (Labor supply)

Eric’s total available time is 24h (per day). He works as a waiter with the wage rate w and he spends
his money on consuming New York Steaks C', that cost $p each.

a) on a graph with leisure time (R) measured on the horizontal axis and consumption (C') on the vertical
one plot Eric’s budget set assuming w = 10,p = 2. Provide some economic interpretation of the slope of
the budget line.

b) suppose his utility is given by

U(C;R) = R*xC

where R is leisure and C' is consumption of New York Steaks. Find his optimal time at work (labor
supply LS), the relaxation time R and the steak consumption C as a function of w and p (parameters).
Calculate the values of the three variables for w = 10, and p = 2.

¢) on a graph with labor supply LS measured on the horizontal axis and real wage w/p on the vertical
one plot the entire labor supply curve (marking the three points that you have found analytically); what
can you say about the sensitivity (elasticity) of labor supply to changes in real wage rate? explain in 2 short
sentences.

Problem 2 (35p). (Edgeworth box - Irving Fisher interest rate determination)

Consumption can take place in two periods: today (C7) and tomorrow (C2). Peter has income of $100
today and tomorrow. (hence his endowment is w? = (100,100)). Amanda today’s income is $100 and
tomorrow is $300 (w? = (100, 300)). They both have the same utility function

Ui (Ch CQ) =In (Cl) —Hn (02)

a) mark the allocation corresponding to the endowment point in the Edgeworth box
b) argue whether the endowment allocation is (or is not) Pareto efficient (use values of M RS at the
endowment point in your argument). Illustrate your argument geometrically in the Edgeworth Box from a)
¢) find analytically the equilibrium interest rate and allocation and show it in the Edgeworth box. (Hint:
Instead of working with "intertemporal" model, you can first find equilibrium prices p; and p2, and then
use the formula:
b1y +7r
P2
d) who among the two traders is borrowing and who is lending? How much? (one sentence + two
numbers)
e) argue that the "invisible hand of financial markets" works perfectly, that is, the equilibrium outcome
is Pareto efficient. (one sentence, two numbers, use values of M RS)
f) find PV (in today’s $) , and FV (in tomorrow’s $) of Amanda’s income, given the equilibrium interest
rate. (give two numbers)

Problem 3 (15p). (Short questions)
Answer the following three questions a), b) and c)

a) Consider a lottery that pays $100 when it rains and $36 when it does not, and both states are equally
likely (7TR =TNR = %) . Find the expected value of the lottery and the certainly equivalent of the lottery,

given Bernoulli utility function u(c) = \/c. Which is bigger? Explain why. (two numbers+ one sentence)



b) Consider a pineapple tree that every year produces fruits worth $5000 (starting next year), forever.
How much are you willing to pay for such a tree now, given the interest rate of 20%? (one number)

¢) Find the constant payment & you have to make in three consecutive periods (one, two, and three),
in order to pay back a loan worth $1400 taken in period zero, given that the interest rate is 100%? (one
number)

Problem 4 (25p). (Producers)

Consider a producer that has the following technology

y:K%L%

a) what returns to scale are represented by this production function? (choose: CRS, IRS or DRS and
support your choice with a mathematical argument).

b) find analytically the level of capital (K), labor (L) and output (y) that maximizes profit, and the
value of maximal profit, given p = 4 and wxg = wy, = 1.

c) find the average cost function AC' (y), and plot it on a graph (prices are as in b). On the same graph
show geometrically the level of maximal profit from b) (Hint: for the second part, take the value y from
b)).

Bonus Problem. (extra 10 points)

Derive (not just givel) the formula for PV of annuity (explain each step, starting with deriving PV for
perpetuity).
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Solutions to midterm 2 (Group A)

Problem 1 (25p). (Labor supply)
a) The slope of the budget set is a real wage rate w/p that tells how many steaks Peter can get for every
hour he works.

s\le (Co e =S

(! BB

o o . gEwwc . .
b) This is a Cobb-Douglass utility function th‘eT‘é\“ore we can find his optimal choice R, C' using our
"magic" formula, we have derived earlier in our class. The values of parameters are:

a=20b=1,

and hence the relaxation time and consumption is

a m_224w
a+bp, 3 w
b m 124w 8w

R = =16

C:

atbpt 3 p  p
For w = 10 and p = 2 we have R = 16 and C=40. In such case the labor supply is given by

LS=24—-R=38

¢) The labor supply function is inelastic with respect to %. The reason for that is that the substitution
effect (higher real wage makes leisure more expensive relative to consumption encouraging work) is offset by

income effect (the higher income makes leisure more attractive)
w/AN\  w

Problem 2 (35p).

2) bion 3

! e FN)

b) The endowment allocation is not Pareto efficient, as at this allocation the slopes of indifference curves

cP 100
RS CcP " 100
c4 300

MRSA = 22 _— 2 _
RS C4A 100

and hence they do not coincide (see graph above).
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¢) We normalize p» = 1. The optimal consumption today is

P 1 100p; + 100

Cl — -
2 D1

P 1 100p; + 300

Cl - -
2 D1

Market clearing condition implies that

1100p: + 100 " 1100p: + 300

=200
2 D1 2 D1

or
p1=2
and hence
r =100%

At this price consumption is given by

p_ 12100+ 100

Cf =3 5 =75 and Cf* =200 — 75 = 125

and
op_ 12x100+100
22 1
Hence allocation C¥ = (75,150), C4 = (125,250) and interest rate = 100% is an equilibrium.
d) Savings are given by

=150 and C3' = 400 — 150 = 250

1200 + 100
sP:wf—C{’:mo—fL:%
2 2
hence Peter is saving $25
1500
A A A
—wf - O =100 -2 = —25
] w1 1 35
and Amanda is borrowing $25
e)
cr 150
MRST = X =_""-=2
ct
cst 250
MRS* = 2 ="2=2
c{t 125
The equilibrium allocation is Pareto efficient as the indifference curves are tangent (they have the same slope
MRS)
f)
300 300
PV = 1004+ ——— =100+ — =250
+ 1+ 100% + 2
FV = 100 x (14 100%) + 300 = 200 + 300 = 500

Problem 3 (15p). (Short questions)
a) Expected value of the lottery is

1 1
B (L) = 5 % 100 4 7 x 36 = 68

The von Neuman Morgenstern lottery is

1 1 1 1



the Certainty equivalent is

VCOE =8= CE =64

CFE < E (L) because the agent is risk averse, and hence is willing to accept lower payment for sure.
b) You are willing to pay PV

5000
PV = —— = 25000
0.2

¢) Using annuity formula

T 1\?* 7 8
1400:1<1—<2> >:8x:>1::71400:8><20021600

Problem 4 (25p). (Producers)
a) Suppose A > 1. Then
F(AK,AL) = (AK)T (\L)T = \* KL% < \KiLi = \F (K, L)

hence we have DRS.
b) We use two conditions

MPEK = YK
p
MpPL = Y&
p
which become 1
1 31 1
ZKTiLE = =
4 4
1 1 s 1
ZKiLT1i = =
4 4
Implying
K
—=1=K=1L
L
Plugging back in the two secrets of happiness
K iKi = Ki=1=K=1
Lil™%f = [2=1=L=1

The optimal level of production is

and profit
T=4x1-1x1-1x1=2

¢) Secret of happiness for cost minimization is

L
TRS =~ ="K 15 k=1
K wr,
hence L )
y=KiLi=K?32
hence
hence
C(y) =2y



and

o N} !

I
1
Q’;
Bonus Problem. (extra 10 points) A O
The present value of a perpetuity is
T T T
PV = + + +
L+r  (1+47)?  (1+7)°
1
= PV
gl
Solving for PV gives
pv="1
r

For the asset that pays  up to period T we have to decrease the PV by the PV of a "missing payment"

after T. The present value of this payment in $ from period T is % and hence in $ from period zero it is

T
( 1 ) . Subtracting this number from PV for perpetuity gives

1+r
T T
1 1
pV:E_ r_z 1—
T 1+r T T 1+7r

which is the formula of the PV of annuity.
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Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group A)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (20+30+20+30=100
points) + a bonus (10 "extra" points). Make sure you answer the first four questions before working on the
bonus one!

Problem 1 (20p). (Intertemporal choice)

Frank works as a consultant. His income when young is $2000 (period 1) and $8000 when old (period
2), the interest rate is 7 = 100%.

a) In the graph depict Frank’s budget set. Mark all the bundles on the budget line that involve saving
and the ones that involve borrowing. Find analytically PV and FV of income and show it in the graph

b) Frank’s intertemporal preferences are given by

U(C;Cy) = InCy + %—i—é In Cs

where the discount factor is 6 = 100%. Using the magic formula, find the optimal consumption plan
(C1,C3) and how much Frank borrows or saves (three numbers).

¢) Is Frank smoothing his consumption? (yes or no answer + one sentence)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Peter is initially endowed with ten apples and 30 oranges
(wP = (10, 30)). Amanda’s endowment is w? = (30, 10).

a) Plot the Edgeworth box and mark the allocation representing the initial endowment.

b) Describe the concept of Pareto efficiency (one intuitive sentence). Peter and Amanda have the same
utility function

U'(Cy,Co)=31In(Cy)+31n(Cy).

Verify whether the endowment allocation is (or is not) Pareto efficient (use values of M RS in your argument).
Nlustrate your argument geometrically in the Edgeworth Box from a).

¢) Find analytically the competitive equilibrium (six numbers) and show it in the Edgeworth box. Find
some other prices that define competitive equilibrium (two numbers).

d) Argue that competitive markets allocate resources efficiently (give two numbers and compare them).

Problem 3 (20p). (Short questions)

Answer the following three questions.

a) The Bernoulli utility function is given by u(c) = ¢? and two states of the world are equally likely.
Find the corresponding von Neuman Morgenstern (expected) utility function (give formula). Is such agent
risk neutral, risk loving or risk averse? (one sentence). Find the expected value and the certainty equivalent
of a lottery (10, \/ﬁ) .(two numbers). Which is bigger and why (one sentence) (Hint: when calculating
expected value of the lottery, use that V28 ~ 5.3).

b) Derive the formula for perpetuity.

¢) You will live for 4 periods. You would like to maintain the constant level consumption throughout
your life C. How much can you consume if in the first three periods you earn $15007 The interest rate is
r = 100%? (one number)

Problem 4 (30p). (Producers)
Consider a producer that has the following technology

yzSK%L%



a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; you do not have to prove it).

b) (Short run) Assume that K = 1 and the firm cannot change it in a short run. Derive a condition for
optimal demand for labor. Explain intuitively its economic meaning. (one sentence).

¢) Suppose that labor supply is inelastic and given by L® = 16h . Find analytically and on the graph
the equilibrium wage rate.

d) Find the unemployment rate with the minimal (real) wage given by wr,/p = 4/3.(one number)

e) Suppose wy, = 1,wg = 2. Derive the cost function C(y), assuming that you can adjust both K
and L, and plot it on the graph. Relate the shape of your cost function to the returns to scale. (Hint: the
constants in this last questions are not round numbers)

Bonus Problem. (extra 10 points)
Give examples of production functions with perfect complements and perfect substitutes that are char-
acterized by increasing and decreasing returns to scale.



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Solutions to midterm 2 (Group A)

Problem 1 (20p). (Intertemporal choice)
Frank works as a consultant. His income when young is $2000 (period 1) and $8000 when old (period

2), the interest rate is 7 = 100%.
a) In the graph depict Frank’s budget set. Mark all the bundles on the budget line that involve saving

and the ones that involve borrowing. Find analytically PV and FV of income and show it in the graph

PV = 2000+ 18(1702 = 2000 + 4000 = 6000

FV = (14 1)2000+ 8000 = 12000

Cy. TV
& LUl V\g>

PV
J 5

N
b) Frank’s intertemporal preferences are given by |
1
ulC,;C,) = InC —— InC:
( 1 2) 1 + 1+ 5 2
where the discount factor is 6 = 100%. Using the magic formula, find the optimal consumption plan

(C1,C3) and how much Frank borrows or saves (three numbers).

1 12000 2
C1 = - ——— = 26000 = 4000
1+5 2 3
1
5 12000 1
Cy = —2-="— =-12000 = 4000
1+5 1 3
S = 2000 — 4000 = —2000

Frank borrows —$2000
¢) Is Frank smoothing his consumption? (yes or no answer + one sentence).
Yes, because C1= C5. This is because 6= 7.

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Peter is initially endowed with five apples and ten oranges
wP = (10,30). Amanda’s endowment is w? = (30, 10)..

a) Plot the Edgeworth box and mark the allocation repregenting the initial endowment.

b) Describe the concept of Pareto efficiency (one intuitive sentence). Peter and Amanda have the same

utility function

U'(Cy,Co)=2In(Cy) +21n (Cy).
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Verify whether the endowment allocation is (or is not) Pareto efficient (use values of M RS in your argument).
Tllustrate your argument geometrically in the Edgeworth Box from a).

The endowment allocation is not Pareto efficient, as at this allocation the slopes of indifference curves
are not tangent to each other

cr 30
MRS?Y = 22 - —
RS C{) 10 3
c3d 10 1
c{ 30 3

and hence they do not coincide (see graph above).

¢) Find analytically the competitive equilibrium (six numbers) and show it in the Edgeworth box. Find
some other prices that define competitive equilibrium (two numbers).

We normalize po = 1

110 30
ch = 1 10p1 + 50
2 m
130 10
T 190p1 + 10
2 m

and market clearing condition gives

110p; + 30 +}30}71-1—10 _

40
2 p 2 m

From which one can find price pj= 1 = py. Equilibrium consumption is C{*= C¥= 20 and C35'= CF= 20.

\

d) Argue that competitive markets allocate resources efficiently (give two numbers and compare them).
Allocation in competitive equilibrium is Pareto efficient as MRS of both agents are the same

Other prices: p;= py= 2

cP 20
P 2
= = =__=1
MRS oF = 2

cL 2
MRS oi = %

Problem 3 (20p). (Short questions)

a) The Bernoulli utility function is given by u(c) = ¢* and two states of the world are equally likely.
Find the corresponding von Neuman Morgenstern (expected) utility function (give formula). Is such agent
risk neutral, risk loving or risk averse? (one sentence). Find the expected value and the certainty equivalent
of a lottery (10, \/ﬁ).(two numbers). Which is bigger and why (one sentence) (Hint: when calculating
expected value of the lottery, use that V28 =~ 5.3).

Expected Utility function is given by

1 1
Ulci, o) = 50? + 503
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Agent is risk loving as Bernouli utility function is convex.

1.1
E(L) =510+553 = 7.6

. Certainty equivalent can be found as
(CE)? =U (10, \/28) — 50 + 14 = 64
and hence
CE =8> E(L)
This is because risk loving agent derives extra utility from uncertainty regarding the outcome.
b) Derive the formula for perpetuity

pv = 4 % 4+ % 4=
T+r (1472 (1+7)

_ T n 1 T n T n _

o1+ 14 \(1+r) A+ )
x 1

= +

PV
1+r 14r

Solving for PV gives

pv="1
.

.¢) You will live for 4 periods. You would like to maintain the constant level consumption throughout your
life C. How much can you consume if in the first three periods you earn $15007 The interest rate is r=100%7?

(one number)

15 7
i = 1500—
160 5008

C = 1400

Problem 4 (30p). (Producers)
Consider a producer that has the following technology

y=8KilL2?

a) What returns to scale are represented by this production function? (choose between CRS, IRS or

DRS; you do not have to prove it).

DRS

b) (Short run) Assume that K = 1 and the firm cannot change it in a short run. Derive a condition for
optimal demand for labor. Explain intuitively its economic meaning. (one sentence). (M PL :%)

4L
p
Last worker produces as much as he gets in terms of wage.
¢) Suppose that labor supply is inelastic and given by L®= 16h . Find analytically and on the graph
the equilibrium wage rate.
Wk ~3 W
— =4(16) 2 =1
p (16) Fe

¢
—#QL

\o
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d) Find the unemployment rate with the minimal (real) wage given by wr,/p = 4/3.(one number)
With minimal wage rate the demand for labor is

4/3=4L"3 =L =9

and hence unemployment rate is
16 -9 7
UR= ——=—
16 16
e) Suppose wr,= 1, w = 2. Derive the cost function C(y), assuming that you can adjust both K and L,
and plot it on the graph. Relate the shape of your cost function to the returns to scale. (Hint: the constants

in this last questions are not round numbers)

8KiL?
1L 2
T —_- = __Z
RS 2K 1
and hence
L =4K

It follows that

[N

and

[N

It follows that

The function is convex as we have DRS.

Bonus Problem. (extra 10 points)

Give examples of production functions with perfect complements and perfect substitutes that are char-
acterized by increasing and decreasing returns to scale.

Perfect complements

[min (2K,7L)]* (IRS)
[min (2K,7L)]? (DRS)

< <
I

Perfect substitutes

y = (2K +7L)* (IRS)
y = [2K+7IL]* (DRS)



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group B)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25+35+15+25=100
points) + a bonus (10 "extra" points). Make sure you answer the first four questions before working on the
bonus one!

Problem 1 (25p). (Labor supply)

Eric’s total available time is 24h (per day). He works as a waiter with the wage rate w and he spends
his money on consuming New York Steaks C, that cost $p each.

a) on a graph with leisure time (R) measured on the horizontal axis and consumption (C') on the vertical
one plot Eric’s budget set assuming w = 100, p = 5. Provide some economic interpretation of the slope of
the budget line.

b) suppose his utility is given by

U(C;R) = R*xC

where R is leisure and C' is consumption of New York Steaks. Find his optimal time at work (labor
supply LS), the relaxation time R and the steak consumption C as a function of w and p (parameters).
Calculate the values of the three variables for w = 100, and p = 5.

c) on a graph with labor supply LS measured on the horizontal axis and real wage w/p on the vertical
one plot the entire labor supply curve (marking the three points that you have found analytically); what
can you say about the sensitivity (elasticity) of labor supply to changes in real wage rate? explain in 2 short
sentences.

Problem 2 (35p). (Edgeworth box - Irving Fisher interest rate determination)

Consumption can take place in two periods: today (C7) and tomorrow (C2). Peter has income of $100
today and $300 tomorrow. (hence his endowment is w? = (100, 300)). Amanda today’s income is $100 in
both periods (w? = (100, 100)). They both have the same utility function

, 1 1
U (C1, C2) =5 In (C1) +5 In (Co)

a) mark the allocation corresponding to the endowment point in the Edgeworth box
b) argue whether the endowment allocation is (or is not) Pareto efficient (use values of M RS at the
endowment point in your argument). Illustrate your argument geometrically in the Edgeworth Box from a)
¢) find analytically the equilibrium interest rate and allocation and show it in the Edgeworth box. (Hint:
Instead of working with "intertemporal" model, you can first find equilibrium prices p; and po, and then
use the formula:
LA +r
b2
d) who among the two traders is borrowing and who is lending? How much? (one sentence + two
numbers)
e) argue that the "invisible hand of financial markets" works perfectly, that is, the equilibrium outcome
is Pareto efficient. (one sentence, two numbers, use values of M RS)
f) find PV (in today’s $) , and FV (in tomorrow’s $) of Amanda’s income, given the equilibrium interest
rate. (give two numbers)

Problem 3 (15p). (Short questions)

Answer the following three questions a), b) and c)

a) Find the constant payment = you have to make in three consecutive periods (one, two, and three),
in order to pay back a loan worth $2800 taken in period zero, given that the interest rate is 100%? (one
number)



b) Consider a lottery that pays $36 when it rains and $25 when it does not, and both states are equally
likely (7TR =TNR = %) . Find the expected value of the lottery and the certainly equivalent of the lottery,
given Bernoulli utility function u(c) = \/c. Which is bigger? Explain why. (two numbers+ one sentence)

c) Consider a pineapple tree that every year produces fruits worth $500 (starting next year), forever.
How much are you willing to pay for such a tree now, given the interest rate of 10%7 (one number)

Problem 4 (25p). (Producers)
Consider a producer that has the following technology

y:KéLé

a) what returns to scale are represented by this production function? (choose: CRS, IRS or DRS and
support your choice with a mathematical argument).

b) find analytically the level of capital (K), labor (L) and output (y) that maximizes profit, and the
value of maximal profit, given p = 6 and wx = wy, = 1.

c) find the average cost function AC' (y), and plot it on a graph (prices are as in b). On the same graph
show geometrically the level of maximal profit from b) (Hint: for the second part, take the value y from
b)).

Bonus Problem. (extra 10 points)

Derive (not just givel) the formula for PV of annuity (explain each step, starting with deriving PV for
perpetuity).



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Solutions to midterm 2 (Group B)

Problem 1 (25p). (Labor supply)
a) The slope of the budget set is a real wage rate w/p that tells how many steaks Peter can get for every
hour he works.

l/ .S\‘OQ\', 9

v 7
b) This is a Cobb-Douglass utility function therefore we can find his optimal choice R, C' using our
"magic" formula, we have derived earlier in our class. The values of parameters are:

a=3,b=1,

and hence the relaxation time and consumption is

a m_324w
a+bp1_4 w o
b m 1 24w 6w

C = —_— = R —
a+bpr 4 p D

R =

For w = 100, and p = 5 we have R = 18 and C' = 120
In such case the labor supply is given by

LS=24-R=6

¢) The labor supply function is inelastic with respect to %. The reason for that is that the substitution
effect (higher real wage makes leisure more expensive relative to consumption encouraging work) is offset by

income effect (the higher income makes leisure more attractive)

LS
N’/\‘

Problem 2 (35p).
a)

? ' ';.QQ

b) The endowment allocation is not Pareto efficient, as at this allocation the slopes of indifference curves

cP 300
RS CcP " 100
c4 100

MRSA = =22 — " _1
RS C4A 100

and hence they do not coincide (see graph above).
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¢) We normalize p» = 1. The optimal consumption today is

1 100p; + 300

ct =
! 2 D1
1100 100
ClA _ - D1 +
2 D1

Market clearing condition implies that

1100p1 + 300 n 1100p; + 100

=200
2 P1 2 1

or
p1=2
and hence
r =100%

At this price consumption is given by

p 12100+ 300

Cr =3 5 =125 and C{* =200 — 125 =75

and
P _ 12 %100 + 300
272 1
Hence allocation C¥ = (125,250), C4 = (75,125) and interest rate 7 = 100% is an equilibrium.
d) Savings are given by

= 250 and C3' = 400 — 250 = 150

sV =wf —cF =100-125 = —25

hence Peter is borrowing $25

sA=wl —CA=100—75=25

and Amanda is saving $25
e)

cP 250
MRSY = 22 2 _9

CcP 125

c4 150
MRSA = Z=—=2

ci{ 75

The equilibrium allocation is Pareto efficient as the indifference curves are tangent (they have the same slope

MRS)
f)

100 100
PV = 100+ ————— =100+ — =150
+ 1+ 100% * 2

% 100 x (1 4+ 100%) + 100 = 200 + 100 = 300

Problem 3 (15p). (Short questions)
a) Using annuity formula

x NNy 7 8
2800=—(1—{ = = —z =z = -2800 =8 x 400 = 3200
1 ( (2) ) TSy 8
b) Expected value of the lottery is
1 1 1 1
E(L)=- —x25=1 12— =30=
(L) 5 x 36 + 5 x 25 8+ 5 302



The von Neuman Morgenstern lottery is
1 1 1 1 11
U=-V3+-vV2b==-x6+—-xb=—
Vo ty g *O Ty T

the Certainty equivalent is
(11)°

4

CE < E (L) because the agent is risk averse, and hence is willing to accept lower payment for sure.
¢) You are willing to pay PV

— 11 1

Problem 4 (25p). (Producers)
a) Suppose A > 1. Then

F(AK,AL) = (AK)® (AL)® = ASKt Lt < AK5L5 = AF (K, L)
hence we have DRS.
b) We use two conditions
MPE = X
D
mpL = “E
p
which become 1
L
6 6
lptr-s 1
6 6
Implying
K
—=1=K=1L
L
Plugging back in the two secrets of happiness
K38Ks = Ki=1=>K=1
L8L % = L 3=1=L=1
The optimal level of production is L L
y=KsLs =151% =1

and profit
T=6x1—-1x1—-1x1=4

¢) Secret of happiness for cost minimization is

L WK

TRS= —=—=1=K=1L
K wr,
hence . .
y:KéLE:K§
hence
hence
C(y) =2y°



and

Bonus Problem. (extra 10 points) ;
The present value of a perpetuity is
T T T
PV = + + +
L+r  (1+47)?  (1+7)°
1
= PV
gl
Solving for PV gives
T
PV = —
r

For the asset that pays  up to period T we have to decrease the PV by the PV of a "missing payment"

after T. The present value of this payment in $ from period T is % and hence in $ from period zero it is

T
( 1 ) . Subtracting this number from PV for perpetuity gives

1+r
T T
1 1
pV:E_ r_z 1—
T 1+r T T 1+7r

which is the formula of the PV of annuity.
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Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group B)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (20+30+20+30=100
points) + a bonus (10 "extra" points). Make sure you answer the first four questions before working on the
bonus one!

Problem 1 (20p). (Intertemporal choice)

Frank works as a consultant. His income when young is $4000 (period 1) and $16000 when old (period
2), the interest rate is 7 = 100%.

a) In the graph depict Frank’s budget set. Mark all the bundles on the budget line that involve saving
and the ones that involve borrowing. Find analytically PV and FV of income and show it in the graph

b) Frank’s intertemporal preferences are given by

U(C;Cy) = InCy + %—i—é In Cs

where the discount factor is 6 = 100%. Using the magic formula, find the optimal consumption plan
(C1,C3) and how much Frank borrows or saves (three numbers).

¢) Is Frank smoothing his consumption? (yes or no answer + one sentence)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Peter is initially endowed with five apples and ten oranges
wP = (5,10). Amanda’s endowment is w? = (10, 5).

a) Plot the Edgeworth box and mark the allocation representing the initial endowment.

b) Describe the concept of Pareto efficiency (one intuitive sentence). Peter and Amanda have the same
utility function

U'(Cy,Co)=2In(Cy) +21n (Cy).

Verify whether the endowment allocation is (or is not) Pareto efficient (use values of M RS in your argument).
Nlustrate your argument geometrically in the Edgeworth Box from a).

¢) Find analytically the competitive equilibrium (six numbers) and show it in the Edgeworth box. Find
some other prices that define competitive equilibrium (two numbers).

d) Argue that competitive markets allocate resources efficiently (give two numbers and compare them).

Problem 3 (20p). (Short questions)

Answer the following three questions.

a) The Bernoulli utility function is given by u(c) = ¢? and two states of the world are equally likely.
Find the corresponding von Neuman Morgenstern (expected) utility function (give formula). Is such agent
risk neutral, risk loving or risk averse? (one sentence). Find the expected value and the certainty equivalent
of a lottery (2, \/ﬁ) .(two numbers). Which is bigger and why (one sentence) (Hint: when calculating
expected value of the lottery, use that V28 ~ 5.3).

b) Derive the formula for perpetuity.

¢) You will live for 4 periods. You would like to maintain the constant level consumption throughout
your life C. How much can you consume if in the first three periods you earn $30007 The interest rate is
r = 100%? (one number)

Problem 4 (30p). (Producers)
Consider a producer that has the following technology

yzSK%L%



a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; you do not have to prove it).

b) (Short run) Assume that K = 1 and the firm cannot change it in a short run. Derive a condition for
optimal demand for labor. Explain intuitively its economic meaning. (one sentence).

¢) Suppose that labor supply is inelastic and given by L® = 16h . Find analytically and on the graph
the equilibrium wage rate.

d) Find the unemployment rate with the minimal (real) wage given by wr,/p = 4/3.(one number)

e) Suppose wy, = 1,wg = 2. Derive the cost function C(y), assuming that you can adjust both K
and L, and plot it on the graph. Relate the shape of your cost function to the returns to scale. (Hint: the
constants in this last questions are not round numbers)

Bonus Problem. (extra 10 points)
Give examples of production functions with perfect complements and perfect substitutes that are char-
acterized by increasing and decreasing returns to scale.
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Solutions to midterm 2 (Group B)

Problem 1 (20p). (Intertemporal choice)
Frank works as a consultant. His income when young is $4000 (period 1) and $16000 when old (period

2), the interest rate is 7 = 100%.
a) In the graph depict Frank’s budget set. Mark all the bundles on the budget line that involve saving
and the ones that involve borrowing. Find analytically PV and FV of income and show it in the graph

16000
PV = 4000+ i1 4000 + 8000 = 12000

FV = (14 1)4000+ 16000 = 24000

b) Frank’s intertemporal prefJ

U(C,;Cy) = InC, +1 511102

where the discount factor is 6 = 100%. Using the magic formula, find the optimal consumption plan
(C1,C3) and how much Frank borrows or saves (three numbers).

1 24000 2
C, = - —— = 12000 = 8000
1+5 2 3
1
5 24000 1
Cy = —2-"—— =-24000 = 8000
1+5 1 3
S = 4000 — 8000 = —4000

Frank borrows —$4000
¢) Is Frank smoothing his consumption? (yes or no answer + one sentence).
Yes, because C1= C5. This is because 6= 7.

Problem 2 (30p). (Edgeworth box, and equilibrium)
Consider an economy with apples and oranges. Peter is initially endowed with five apples and ten oranges

P = (5,10). Amanda’s endowment is w? = (10,5) .
a) Plot the Edgeworth box and mark the allocation representlng the initial endowment.

! N

b) Describe the concept of areto efficiency (one lntultlve sentence). Peter and Amanda have the same

utility function

U'(Cy,Co)=2In(Cy) +21n (Cy).
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Verify whether the endowment allocation is (or is not) Pareto efficient (use values of M RS in your argument).
Tllustrate your argument geometrically in the Edgeworth Box from a).

The endowment allocation is not Pareto efficient, as at this allocation the slopes of indifference curves
are not tangent to each other

ck 10
MRS?Y = 22 - _-9
RS ck 5
cy 5 1
[\/1 A = 72 = —_—= -
s cy{ 10 2

and hence they do not coincide (see graph above).

¢) Find analytically the competitive equilibrium (six numbers) and show it in the Edgeworth box. Find
some other prices that define competitive equilibrium (two numbers).

We normalize po = 1

15 10
cP = 1o+ 10
2 m
110 )
ct = 220p1+o
2 m

and market clearing condition gives

15p1+10+110p1+5 _

15
2 m 2 m

From which one can find price p;= 1 = p,. Equilibrium consumption is C{*= C?: 7.5and C4'= C'g: 7.5.

Other prices: p;= py= 2
d) Argue that competitive markets allocate resources efficiently (give two numbers and compare them).
Allocation in competitive equilibrium is Pareto efficient as MRS of both agents are the same

cP 15

MRS = =22 — Y _1
s ck 75
cL 75

MRS = =2 =_2-1
c{ 75

Problem 3 (20p). (Short questions)

a) The Bernoulli utility function is given by u(c) = ¢? and two states of the world are equally likely. Find
the corresponding von Neuman Morgenstern (expected) utility function (give formula). Is such agent risk
neutral, risk loving or risk averse? (one sentence). Find the expected value and the certainty equivalent of a
lottery (2, \/%).(two numbers). Which is bigger and why (one sentence) (Hint: when calculating expected
value of the lottery, use that \/ﬁ ~ 5.3).

Expected Utility function is given by

1 1
Ulci,co) = 50? + 503
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Agent is risk loving as Bernouli utility function is convex.

1.1
E(L) =52+55.3 = 3.6

. Certainty equivalent can be found as
(CE? =U (2, \/28) —2414=16
and hence
CE=4>E(L)
This is because risk loving agent derives extra utility from uncertainty regarding the outcome.
b) Derive the formula for perpetuity

pv = 4 % 4+ % 4=
T+r (1472 (1+7)

_ x n 1 T n x n _
o1+ 14 \(1+r) A+ )

1
= I+ PV

1+r 14r

Solving for PV gives

pv="1
.

.¢) You will live for 4 periods. You would like to maintain the constant level consumption throughout your
life C. How much can you consume if in the first three periods you earn $15007 The interest rate is r=100%7?

(one number)
o, LY _ 3000 [ 1\’
r a (1+r) B r a <1+T>

Problem 4 (30p). (Producers)
Consider a producer that has the following technology

yzSK%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; you do not have to prove it).
DRS ~
b) (Short run) Assume that K = 1 and the firm cannot change it in a short run. Derive a condition for
optimal demand for labor. Explain intuitively its economic meaning. (one sentence). (M PL :%)
LS
p
Last worker produces as much as he gets in terms of wage.
¢) Suppose that labor supply is inelastic and given by L°= 16h . Find analytically and on the graph

h ilibri .
the equilibrium wage rate wy ) L \.}, ‘(’
p ¢
! k T

—
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d) Find the unemployment rate with the minimal (real) wage given by wr,/p = 4/3.(one number)
With minimal wage rate the demand for labor is

4/3=4L"3 =L =9

and hence unemployment rate is
16 -9 7
UR= ——=—
16 16
e) Suppose wr,= 1, w = 2. Derive the cost function C(y), assuming that you can adjust both K and L,
and plot it on the graph. Relate the shape of your cost function to the returns to scale. (Hint: the constants

in this last questions are not round numbers)

8KiL?
1L 2
T —_- = __Z
RS 2K 1
and hence
L =4K

It follows that

[N

and

[N

It follows that

The function is convex as we have DRS.

Bonus Problem. (extra 10 points)

Give examples of production functions with perfect complements and perfect substitutes that are char-
acterized by increasing and decreasing returns to scale.

Perfect complements

[min (2K,7L)]* (IRS)
[min (2K,7L)]? (DRS)

< <
I

Perfect substitutes

y = (2K +7L)* (IRS)
y = [2K+7IL]* (DRS)



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group A)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $10, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (0, 10).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (0,50) and Bob’s
endowment is wP= (50, 0).

The utility function of both Andy and Bob is the same and given by

U(z1,25)=3Inz1+3Inx,

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $500 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $100 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $100,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group B)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $4, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (0,4).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (20,0) and Bob’s
endowment is wP= (0, 20).

The utility function of both Andy and Bob is the same and given by

U(z1,25)=5Inz1+5lnx,

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $100 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $200 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $50,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 301
Intermediate Microeconomics
Prof. Marek Weretka

Midterm 2 (Group C)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $6, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (6,0).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (40,0) and Bob’s
endowment is wP= (0, 40).

The utility function of both Andy and Bob is the same and given by

U(x1,25)=2Inz1+2In 29

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $50 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $1000 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $40,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).
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Prof. Marek Weretka

Midterm 2 (Group D)

You have 70 minutes to complete the exam. The midterm consists of 4 questions (25,30,25 and 20
points).

Problem 1 (25p). (Uncertainty and insurance)

You are an owner of a luxurious sailing boat, worth $2, that you use for recreation on Mendota lake.
Unfortunately, there is a good (50%) chance of a tornado in Madison (probability is equal to %) that
completely destroys it. Thus, your boat is in fact a lottery with payment (2,0).

a) What is the expected value of the "boat" lottery? (give one number)

b) Suppose your Bernoulli utility function is given by u(c) = ¢%. Give von Neuman-Morgenstern utility
function over lotteries U(C; Cy). (formula) Are you risk averse, neutral or risk loving? (two words). Find
the certainty equivalent (CE) of the "boat lottery" (one number). Which is bigger, CE or the expected value
of a lottery from a)? Why? (one sentence)

¢) Your Bernoulli utility function changes to u(c) = In c. Give von Neuman-Morgenstern utility function.
(give a formula). Are you risk averse now?

d) You can insure your boat by buying insurance policy in which you specify coverage x. The insurance
contract costs v - where the premium rate is equal to 7y :%. Find analytically and depict in the graph
your budget constraint. Mark the point that corresponds to no insurance.

e) Find optimal level of coverage x. Are you going to fully insure your boat? (one number and yes-no
answer). Depict optimal consumption plan on the graph.

f) Propose a premium rate 7y for which you will only partially insure your boat. (one number)

Problem 2 (30p). (Edgeworth box, and equilibrium)

Consider an economy with apples and oranges. Andy is initially endowed with wiA= (10,0) and Bob’s
endowment is wP= (0, 10).

The utility function of both Andy and Bob is the same and given by

U(z1,25)=8lnz1+8Inx,

a
b
if ...
c

Plot the Edgeworth box and mark the allocation representing the initial endowment.

Z

Provide general definition of Pareto efficiency (one sentence starting with: Allocation is Pareto efficient

-~

Prove, that an allocation is Pareto efficient if and only in such allocation satisfies MRS“= MRS®.
Start with necessity by showing that if the MRS condition does not hold then allocation is not Pareto efficient.
Then proceed to sufficiency by showing that if the condition MRS is satisfied then indeed allocation is efficient
(use a graph and write two sentences for each of the two conditiions).

d) Find analytically a collection of all Pareto efficient allocations (contract curve) and depict it in the
graph.

e) Find the competitive equilibrium (give six numbers).

g) Give some other prices that are consistent with competitive equilibrium (give two numbers).

f) Using M RS condition verify that equilibrium allocation is Pareto efficient and hence an invisible hand
of a free (and competitive) market guides selfish Andy and Bob to a socially optimal outcome.

Problem 3 (25p). (Short questions)

a) Your sister has just promised to send you pocket money of $200 each month starting next month and
she will keep doing it forever. What is the present value of "having such sister" if monthly interest rate is
equal to 5% (one number).



b) Sam is a hockey player who earns $1000 when young and $0 when old. Sam’s intertemporal utility
is given by U(C,C2) = In(c1) + ﬁln (c1). Assuming 6 = r = 0 and using magic formulas find
optimal consumption plan and optimal saving strategy (give three numbers C1,C,,S). Does Sam smooth
his consumption? (yes/ no + one sentence) Is Sam tilting his consumption? (yes/ no + one sentence)

¢) A production function is given by y = 9K’L3. Find analytically a short-run demand for labor (assume
K = 1). Find analytically equilibrium real wage rate if labor supply is given by L*= 16. Depict it in a gaph.

d) You start you first job at the age of 21 and you work till 60, and then your retire. You live till 80.
Your annual earnings between 21 — 60 are $60,000 and interest rate is 7 = 5%. You want to maintain a
constant level of consumption. Write down an equation that allows to determine C' (write down the equation
but you do not need to solve for C').

Problem 4 (20p). (Producers)
Consider a producer that has the following technology

y:K%L%

a) What returns to scale are represented by this production function? (choose between CRS, IRS or
DRS; prove your statement with A argument).
b) Find analytically a (variable) cost function given wx= wr= 2. Plot it in the graph.

¢) find yMES and ATCMES if a fixed cost is F = 2.
d) Find analitically a supply function of the firm and show it in the graph.

Just for fun

Using "secrets of happiness" show that if a firm is maximizing profit by producing y*, it necessarily
minimizes the cost of production of y* (give two conditions for profit maximization and show that they
imply condition for cost minimization).



Econ 703
Intermediate Microeconomics
Prof. Marek Weretka

Answer Keys to midterm 2 (Group A)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]

a) 0.5-$10 + 0.5 - $0 = $5(2pt).

b) With the Bernoulli utility function u(c) = ¢?, the v.N.M. expected utility functionis U(Cr,Cx) =
0.5C% + 0.5C% (1pt). Since u(c) = ¢* is a convex function, I am risk loving (2pt). The certainty
equivalent CE is the amount of sure money s.t. U(CE,CE) = CE? = U(0,10) = 50, i.e. CE = 5v/2
(2pt). CE is larger than EV, because I am risk loving (2pt).

c¢) With the Bernoulli utility function u(c) = ¢?, the v.N.M. expected utility functionis U(Cr,Cy) =
0.5InC7r + 0.5In Cx (1pt). Yes, I'm risk averse (2pt), since u(c) = Inc is a concave function.

d) As Cr = (1—7)x and C = 4 —~z with v = .5, we obtain the budget constraint Cr+ Cy = 10
(2pt). Its graph has the Cr intercept on (Cr, Cxn) = (10,0), the Cy intercept on (Cr,Cn) = (0, 10),
and the slope -1 on the Cp-Cn plane (2pt). The endowment point should be plotted on (Cp,Cy) =
(0,10) (1pt).

e) Now I should maximize the utility U(Cr, Cy) = 0.5C%+0.5C%, on the constraint Cr+Cy = 10.
The magic formula yields Cr = (1/2) - (10/1) =5 (Ipt) and Cy = (1/2) - (10/1) =5 (1pt). Plugging
this into Cy = 4 — vz, we obtain = 10 (2pt). The optimal point should be plotted on (5,5) (1pt).
Yes, I am fully insured (1pt) since Cr = C.

f) eg. v =1 (2pt). Actually I would be partially insured, i.e. Cp < Cy under any premium rate
larger than 0.5.

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation, as
long as you clarified it.]

a) The Edgeworth box should have length of 50 on each axis (1pt). The endowment is (50,0)
looked from A’s origin, i.e. (0,50) from B’s origin (1pt). [This is a single point in an Edgeworth box. And,
it cannot be an origin.]

b) ... if none could not be better off (by another feasible allocation) unless anyone is worth off
(th). [MRS# = MRSB: no point since it is just a mathematical equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency is
wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The curve’s
name, namely “an indifference curve”, should be clarified.]

Necessity (4pt): If MRS4 # M RSP at an allocation x, both people’s indifference curves should
cross each other at z and thus we can find a point between them. Because this point is above each
indifference curve looked from the people’s origin, this allocation is better than x for both and thus
the allocation x is not Pareto efficient. [The proof should start with MRS4 # MRSP and end with Pareto
inefficiency of x. Graph is needed. On the graph, you need to specify another allocation that improves their utilities. If
you wrote two separate points and two separate curves for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RS? at an allocation x, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than x for both people and x is Pareto efficient. [The
proof should start with MRS4 = MRSE at x and end with Pareto efficiency of z. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) As we proved above, the Pareto efficiency is equivalent to M RS4 = M RSE | given the feasibility
of the allocation z{ + 2P = 50,24 + =¥ = 50. So we solve

~3/af 3/(50 — af)
~3/af  3/(50 - ap)

MRSA (x4, z3h) = MRSB (50 — 271,50 — a3}).

LA Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.



Then we obtain z{' = x3' [or 2B = 28] (3pt). This is the equation for the contract curve. [You need to

clarify whose consumption it is.] Graphically it is the line starting from the origin of A with slope 1, i.e.
the diagonal line connecting the two origins of the Edgeworth box (1pt).

e) Let the equilibrium price be (p1,p2). Then, Andy should maximize his utility U4 (zf, z4') =
3lnz{ +31Inz4 on the budget constraint pyz{* + poa4 = 50p;. The magic formula yields his optimal
consumption bundle

A _ 150p

oA _ 150py P1
' 2 ; '

=25 = =95
275 D2 D2

Bob should maximize his utility UZ(z2,28) = 3In2P + 3Inz2 on the budget constraint p;x¥ +

poxP = 50py. The magic formula yields his optimal consumption bundle

o8B 1502 oepa g 150p

= = = 25.
Y2y p P2 p

The feasibility (a.k.a. market clearing) of the allocation requires?

xf‘+xf:25+25%:50, Sop2=p1 #0.

1
Plugging this into the above optimal bundles, we obtain 4! = 25 (2pt), 24 = 25 (2pt), 2P = 25 (2pt)
and ¥ = 25 (2pt). The equilibrium price (p1,p2) can be any pair of two positive numbers as long as
p1 = po: for example, py = 1,py =1 (2pt). [No partial credit for only p1 or pa.]

f) As we argued, p1,p2 can be any pair of two positive numbers as long as p; = p2 and different
from the answer in e): for example, p; = 2,py = 2 (2pt).

g) At the equilibrium allocation ((z4!,24), (zP,28)) = ((25,25), (25,25)), the two’s MRSs are

3/25 3/25

MRS#(25,25) = -L—= =1, MRSP(25,25) =" =

So we have MRS = —1 = M RSP and thus this equilibrium allocation is Pareto efficient (2pt).
[M RS must be calculated.]

Problem 3. a) PV =100/(1.05) + 100/(1.05)% + ... = 10000 (dollars, 4pt).

b) Sam should maximize his utility U = InC; + In Cy on the budget constraint C; + Co = 200
(as Cy + S = 200,Cy = S.) The magic formula yields his optimal consumption bundle Cy = (1/2) -
(200/1) = 50 (2pt), C2 = (1/2)-(200/1) = 50 (2pt). Plugging this into Cy = S, we have S = 50 (2pt).
Yes, he’s smoothing (1pt) as C; = Csy. No, he’s not tilting (1pt) as C; = Cs. [If you answered only either
one question and did not clarify which question you answered, you get no point.]

c) The production function y = 2K3L'/? implies the marginal productivity of labor MP; =
(1/2) - 2K3L~Y? = K3L~'/2. In particular, MP, = L=%/? at K = K = 1. Solving the secret
of happiness MP;, = L~'/?2 = w/p, we find the short-run labor demand LP = (w/p)~2? where p
is the product’s price and w is wage (4pt). [Thus w/p is the real wage rate. It is not enough to state only
the secret of happiness; the demand L should be explicitly determined.?] Solving the demand-supply equality
LP = (w/p)~2 = 16 = L7, we obtain the equilibrium real wage w/p = 1/4 (2pt). The equilibrium
point (L, w/p) = (16,1/4) must be plotted on a graph (1pt).

d) (6pt.) The annual consumption C' (thousand dollars) is determined from

100 10 o Cc o C /1 Y10 /1 \C
1.05 1.0540 © 1.05 1.0560 - 1.0540 J 1.05 1.05-60 | 1.05°

[Further simplification gets full points.]

2We do not have to consider the market clearing of the other good 2: Walras’s theorem. Notice that if p; = 0 then
p2/p1 = oo and the equation does not hold; so we need p; # 0 too.

3Also I saw so manyy answers “LP = L=1/2”. this does not make sense at all, as it is read as the short-run
labor demand LT is the inverse of the square root of L and we must ask what is L. L = L is the solution of
MPy, = L=1/2 = w/p, but not a number on either side of this equation.



Problem 4. a) DRS (Ipt). This is because F(AK, AL) = (A\VAKV/4)(AV/ALYA) = \V2KVALYA =
M2FP(K,L) < \Y2F(K, L) [if x> 1] (4pt). [Here F(k,1) is the output from K =k and L = L]
b) The secret of happiness is

MPyr  0.25K 34014 2wy

= = - = — * K = L
MPL 0.25K1/4L_3/4 2 wr, ’ o
To achieve the production of y = F'(K, L), we need
y=F(K,K)=K"? - K=L=y

So the cost function is C' = 2K + 2L = 2y? + 2y* = 4y? (4pt).* Graph should be drawn on the y-C
plane (1pt).
c) Solving MC(y) = 8y = (4y>+2)/y = ATC(y), we obtain yMES = 1/1/2 (2pt) and ATCMFS =
ATC(yMP%) = MO(yMP) = 4v2 (2pt).°
d) (6pt for giving both the function and the graph.) The optimal supply should satisfy p = 8y* =
MC(y*),ie. y* = p/8. But when p < ATCMPS = 41/2, the firm cannot get positive profit even from
the optimal supply and thus should quit the production.
The supply function S(p) is therefore
50 = {p/g 2 a2
0 if p < 4v/2.
On the y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical
axis) for p < 44/2.

Just for fun The secret of happiness for profit maximization is
MPg = pwx, MPL=pwr.

Here p is the product price, M P; is the marginal productivity of factor ¢, and w; is the price of factor

1. These two equations imply
MPK - WK .

MP,  wp’
6

i.e. the secret of happiness for cost minimization.

40r, you can think of maximization of Y = F(K, L) = KY/4[1/4 on the constraint 2K + 2L = c, thinking Y as a
variable and c as a constant. Then the magic formula of Cobb-Douglas (utility) maximization implies K = (1/2)(¢/2) =
¢/4 and L = (1/2)(¢/2) = ¢/4. Then we obtain at the maximum Y = (¢/4)1/4(c/4)1/% = (¢/4)1/2, i.e. ¢ =4Y?2. That
is, when Y = y is given, the budget/cost C' = 4y? is needed to achieve this y at the optimum.

5Maybe ATCMES is casier to calculate from MC(yMFS) than from ATC(y™FS), though they should yield the
same number.

6S0 there’s a close link between maximization and minimization. This link is called duality and was a driving force
of mathematical economic theory during 1970s-80s: see Varian’s textbook for graduate and advanced undergraduate,
Microeconomic Analysis. And, you will use it in undergraduate linear programming, like Computer Science 525: see
Ferris, Mangasarian, and Wright, Linear Programming with MATLAB, SITAM-MPS, 2007.



Econ 703
Intermediate Microeconomics
Prof. Marek Weretka

Solutions to midterm 2 (Group B)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]
a) $2 (2pt). b) U(Cr,Cx) = 0.5C2 +0.5C%, (1pt). Risk loving (2pt). CE = 2v/2 (2pt). Larger than
EV, because I am risk loving (2pt). ¢) U(Cr,Cn) =0.5InCr + 0.5In Cy (1pt). Yes, I'm risk averse
(2pt). d) Cr+Cn =4 (2pt). Graph is needed on the Cp-Cy plane and its position must be clarified
with slope and intercepts (2pt). Plot a point on (Cr,Cn) = (0,4) for endowment (1pt). e) Cp = 2
(Ipt). Cny =2 (Ipt). x =4 (2pt). Plot a point on (2,2) (1pt). Yes, fully insured (1pt). f) eg. y=1
(2pt). [Any number larger than 0.5 because we need Cy > Cr.]

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation,
as long as you clarified it.] a) The Edgeworth box should have length of 20 on each axis (1pt). The
endowment is (20,0) looked from A’s origin, i.e. (0,20) from B’s origin (1pt). [This is a single point in
an Edgeworth box. And, it cannot be an origin.] b) ... if none could not be better off (by another feasible
allocation) unless anyone is worth off (2pt). [MRSA = MRSB: no point since it is just a mathematical
equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency
is wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The
curve’s name, namely “an indifference curve”, should be clarified.] Necessity (4pt): If MRSA #* MRSE at
an allocation z, both people’s indifference curves should cross each other at x and thus we can find
a point between them. Because this point is above each indifference curve looked from the people’s
origin, this allocation is better than x for both and thus the allocation z is not Pareto efficient. [The
proof should start with MRSA # MRSE and end with Pareto inefficiency of z. Graph is needed. On the graph, you
need to specify another allocation that improves their utilities. If you wrote two separate points and two separate curves
for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RSP at an allocation 2, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than z for both people and « is Pareto efficient. [The
proof should start with M RS# = MRSE at x and end with Pareto efficiency of x. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) :17‘14 = Iéq [or 2P = 28] (3pt). [You need to clarify whose consumption it is.] The diagonal line connecting
the two origins of the Edgeworth box (1pt). e) 21 = 10 (2pt). 24 = 10 (2pt). 2P =10 (2pt). 28 =10
(2pt) p1=1,p=1 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2. No partial credit
for only py or p2.] f) pL=2,p3 =2 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2 and
different from your answer in e).] g) MRSA = —1 = MRSP? and thus this equilibrium allocation is Pareto
efficient (2pt). [MRS must be calculated.]

Problem 3. a) $2000 (4pt). b) C; = 100 (2pt). Cy = 100 (2pt). S = 100 (2pt). Yes, he’s
smoothing (1pt). No, he’s not tilting (1pt). [If you answered only either one question and did not clarify
which question you answered, you get no point.] ¢) Demand: LP = (w/p)*2 where p is the product’s price
and w is wage (4pt). [Thus w/p is the real wage rate] Equilibrium real wage: w/p = 1/4 (2pt). The
point (L,w/p) = (16,1/4) must be plotted on a graph (1pt). d) (6pt.) The annual consumption
C (thousand dollars) is determined from {1 — (1.05)7*°} - 50/1.05 = {1 — (1.05)75°} C//1.05. [Further

simplification gets full points.]

Problem 4. a) DRS (I1pt). This is because F(tK,tL) = t'/?KY4[1/* = 1/2F(K,L) < tF(K, L)
if ¢ > 1] (4pt). [Here F(k,l) is the output from K = k and L = 1] b) C = 4y? (4pt). Graph is needed on
the y-C plane (1pt). c) yMPS = 1//2 (2pt). ATCMES = 44/2 (2pt). d) (6pt for giving both the
function and the graph.) The supply function S(p) is p/8 for p > 4v/2, and 0 for p < 4v/2. On the
y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical axis) for

p < 4v2.

1A Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.




Econ 703
Intermediate Microeconomics
Prof. Marek Weretka

Solutions to midterm 2 (Group C)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]
a) $3 (2pt). b) U(Cr,Cx) = 0.5C2 +0.5C%, (1pt). Risk loving (2pt). CF = 3v/2 (2pt). Larger than
EV, because I am risk loving (2pt). ¢) U(Cr,Cn) =0.5InCr + 0.5In Cy (1pt). Yes, I'm risk averse
(2pt). d) Cr+Cn = 6 (2pt). Graph is needed on the Cp-Cy plane and its position must be clarified
with slope and intercepts (2pt). Plot a point on (Cr,Cn) = (0,6) for endowment (I1pt). e) Cr =3
(Ipt). Cny =3 (Ipt). x =6 (2pt). Plot a point on (3,3) (1pt). Yes, fully insured (1pt). f) eg. y=1
(2pt). [Any number larger than 0.5 because we need Cy > Cr.]

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation,
as long as you clarified it.] a) The Edgeworth box should have length of 40 on each axis (1pt). The
endowment is (40, 0) looked from A’s origin, i.e. (0,40) from B’s origin (1pt). [This is a single point in
an Edgeworth box. And, it cannot be an origin.] b) ... if none could not be better off (by another feasible
allocation) unless anyone is worth off (2pt). [MRSA = MRSB: no point since it is just a mathematical
equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency
is wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The
curve’s name, namely “an indifference curve”, should be clarified.] Necessity (4pt): If MRSA #* MRSE at
an allocation z, both people’s indifference curves should cross each other at x and thus we can find
a point between them. Because this point is above each indifference curve looked from the people’s
origin, this allocation is better than x for both and thus the allocation z is not Pareto efficient. [The
proof should start with MRSA # MRSE and end with Pareto inefficiency of z. Graph is needed. On the graph, you
need to specify another allocation that improves their utilities. If you wrote two separate points and two separate curves
for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RSP at an allocation 2, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than z for both people and « is Pareto efficient. [The
proof should start with M RS# = MRSE at x and end with Pareto efficiency of x. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) :17‘14 = Iéq [or 2P = 28] (3pt). [You need to clarify whose consumption it is.] The diagonal line connecting
the two origins of the Edgeworth box (1pt). e) 21 = 20 (2pt). 24 = 20 (2pt). 2P =20 (2pt). 28 =20
(2pt) p1=1,p=1 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2. No partial credit
for only py or p2.] f) pL=2,p3 =2 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2 and
different from your answer in e).] g) MRSA = —1 = MRSP? and thus this equilibrium allocation is Pareto
efficient (2pt). [MRS must be calculated.]

Problem 3. a) $1000 (4pt). b) C; = 500 (2pt). Cy = 500 (2pt). S = 500 (2pt). Yes, he’s
smoothing (1pt). No, he’s not tilting (1pt). [If you answered only either one question and did not clarify
which question you answered, you get no point.] ¢) Demand: LP = (w/p)*2 where p is the product’s price
and w is wage (4pt). [Thus w/p is the real wage rate] Equilibrium real wage: w/p = 1/4 (2pt). The
point (L,w/p) = (16,1/4) must be plotted on a graph (1pt). d) (6pt.) The annual consumption
C (thousand dollars) is determined from {1 — (1.05)7%°} - 40/1.05 = {1 — (1.05)75°} C//1.05. [Further

simplification gets full points.]

Problem 4. a) DRS (I1pt). This is because F(tK,tL) = t'/?KY4[1/* = 1/2F(K,L) < tF(K, L)
if ¢ > 1] (4pt). [Here F(k,l) is the output from K = k and L = 1] b) C = 4y? (4pt). Graph is needed on
the y-C plane (1pt). c) yMPS = 1//2 (2pt). ATCMES = 44/2 (2pt). d) (6pt for giving both the
function and the graph.) The supply function S(p) is p/8 for p > 4v/2, and 0 for p < 4v/2. On the
y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical axis) for

p < 4v2.

1A Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.
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Intermediate Microeconomics
Prof. Marek Weretka

Solutions to midterm 2 (Group D)

“X and Y (2pt).” means that you get 2 pts if you answered both X and Y, and no pts if you missed either (or both).

Problem 1. [Here I denote by T the state with tornado and by N the state without tornado, instead of 1 and 2.]
a) $1 (2pt). b) U(Cr,Cx) = 0.5C2 + 0.5C% (1pt). Risk loving (2pt). CE = /2 (2pt). Larger than
EV, because I am risk loving (2pt). ¢) U(Cr,Cn) =0.5InCr + 0.5In Cy (1pt). Yes, I'm risk averse
(2pt). d) Cr+Cn =2 (2pt). Graph is needed on the Cp-Cy plane and its position must be clarified
with slope and intercepts (2pt). Plot a point on (Cr,Cy) = (0,2) for endowment (1pt). e) Cpr =1
(Ipt). Cy =1 (Ipt). x =2 (2pt). Plot a point on (1,1) (1pt). Yes, fully insured (1pt). f) eg. y=1
(2pt). [Any number larger than 0.5 because we need Cy > Cr.]

Problem 2. [Here I denote apple by 1, orange by 2, Andy by A and Bob by B. You could use another notation,
as long as you clarified it.] a) The Edgeworth box should have length of 10 on each axis (1pt). The
endowment is (10,0) looked from A’s origin, i.e. (0,10) from B’s origin (1pt). [This is a single point in
an Edgeworth box. And, it cannot be an origin.] b) ... if none could not be better off (by another feasible
allocation) unless anyone is worth off (2pt). [MRSA = MRSB: no point since it is just a mathematical
equivalent property and not the definition.!]

C) [Need to prove the claim directly from the definition of Pareto efficiency. Arguing only slopes or tangency
is wrong. Besides, logical sequence (especially starting assumptions and ending conclusions) must be clarified. The
curve’s name, namely “an indifference curve”, should be clarified.] Necessity (4pt): If MRSA #* MRSE at
an allocation z, both people’s indifference curves should cross each other at x and thus we can find
a point between them. Because this point is above each indifference curve looked from the people’s
origin, this allocation is better than x for both and thus the allocation z is not Pareto efficient. [The
proof should start with MRSA # MRSE and end with Pareto inefficiency of z. Graph is needed. On the graph, you
need to specify another allocation that improves their utilities. If you wrote two separate points and two separate curves
for a single allocation, you misunderstand an Edgeworth box.]

Sufficiency (4pt): If MRS4 = M RSP at an allocation 2, both people’s indifference curves should
be tangent to each other at x and thus no point is below A’s indifferent curve looked from A’s origin,
i.e. worse for A than z, or below B’s indifferent curve looked from B’s origin, i.e. worse for B, or below
both. So any point (allocation) cannot be better than z for both people and « is Pareto efficient. [The
proof should start with M RS# = MRSE at x and end with Pareto efficiency of x. Graph is needed. On the graph,
you need to clarify who is worse off than z in each region defined by the two indifference curves.]

d) :17‘14 = Iéq [or 2P = 28] (3pt). [You need to clarify whose consumption it is.] The diagonal line connecting
the two origins of the Edgeworth box (Ipt). e) xf' =5 (2pt). 24 =5 (2pt). 22 =5 (2pt). 28 =5
(2pt) p1=1,p =1 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2. No partial credit
for only py or p2.] f) pL=2,p3 =2 (2pt). [p1,p2 can be any pair of two positive numbers as long as p1 = p2 and
different from your answer in e).] g) MRSA = —1 = MRS? and thus this equilibrium allocation is Pareto
efficient (2pt). [MRS must be calculated.]

Problem 3. a) $4000 (4pt). b) C; = 500 (2pt). Cy = 500 (2pt). S = 500 (2pt). Yes, he’s
smoothing (1pt). No, he’s not tilting (1pt). [If you answered only either one question and did not clarify
which question you answered, you get no point.] ¢) Demand: LP = (w/p)*2 where p is the product’s price
and w is wage (4pt). [Thus w/p is the real wage rate] Equilibrium real wage: w/p = 1/4 (2pt). The
point (L,w/p) = (16,1/4) must be plotted on a graph (1pt). d) (6pt.) The annual consumption
C (thousand dollars) is determined from {1 — (1.05)7%°} - 60/1.05 = {1 — (1.05)75°} C//1.05. [Further

simplification gets full points.]

Problem 4. a) DRS (I1pt). This is because F(tK,tL) = t'/?KY4[1/* = t'/2F(K,L) < tF(K, L)
if ¢ > 1] (4pt). [Here F(k,1) is the output from K = k and L = 1] b) C = 4y? (4pt). Graph is needed on
the y-C plane (1pt). c) yMES = 1//2 (2pt). ATCMES = 44/2 (2pt). d) (6pt for giving both the
function and the graph.) The supply function S(p) is p/8 for p > 4v/2, and 0 for p < 4v/2. On the
y-p plane, the graph is y = p/8 (i.e. p = 8y) for p > 4v/2 and y = 0 (a part of the vertical axis) for

p < 4v2.

1A Pareto efficient allocation may not hold this equation, unless the preference is convex, monotone, and smooth.
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