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1. True/False/Uncertain Questions (20 points)

In this section. write whether cach statement is True. False or Uncertaint. You shoudd fully

explain yvour answer, including diagrams where appropriate, Points will be given based on
vour explanation.
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1) {4 points) In a perfectly competitive market. price @@llings)imake consumers worse off.
Please include o graph in vour answer.
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(h) {4 points} A firmn whose produciion technology exhibits constant marginal prodnets has

constant returns to scal T e
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() (4 points) In the ghort run, a perfecily competitive firm may operaie even if it is carning
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{¢) (4 points) In an'Edgeworth Boy. indifference curves are alwayvs tangent along the(contrack
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2. Production and Costs {16 points)

Suppose that the production function of a firm making burritos is:

G(K,L) = K2L?

where ¢ is the number of burritos produced, K is the machines used in production and L is

I’] \ ©

why  capital

{a) {4 points) Asswme that the wage rate is w = 4. and the rental rate on capital is » = 1.
Derive the long run demand for labor and capital as well as the long-run toral cost and
average cost functions as a netion of ontput. Does this production funetion exhibit
increasing retiurns to seale, constant returns to seale, or decreasing returns 1o scale?
Why?

labor nsed in production.
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{(b) (4 points) Now assume that capital is fixed at X' = 4. and the wage rate and the rental
rate of capital are as in part (a). Derive the short run total cost, average lixed cost,
average variabl § ¢ total cost, and marginal cost as Tunctions of output,
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(¢} {4 points) Draw a diagram plotting MC. AVC, and ATC. At what price should the firm
shut down? Explain yvour intuition. On a separaie diagram. graphically show the short
run market supply curve assuming that there ave two firms with this production function
in the market. (1f vou did not get part (b}, then draw a diagram with generic cost curves,
Then show at what price the firm should shut down and graph the short run market
supply curve asswmming that there are two firms in the market and the cost curves Vot
arapheod)
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(d} (4 points) Suppose the price of burritos is p = 8 Draw a diagram with both the long-run
average cost and the short rmun average total cost [rom part (b) (where capital is fixed
at N = 4). Show where short run production is located on ihis sraph. and comment on
whether the firm would change its capital level in the long run.
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Asswme that the market for tortillas is perfectly competitive. The market demand curve for

3. Competitive Market Supply (21 points)

tortillas is given by:
P=10-0Q

Supposce that for each firm. the long run cost of producing g tortillas is:
Pl k 2

Cly) = ¢* = 2¢° + 3¢

{(a) {4 points) What are the fixed cost, marginal cost and average cost for cach firm?




(b) (4 points) Assume that firms are perfectly compertitive. What is the market price that
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(¢) {4 points) What is the long ran equilibrinm price, output. and munber of firms?
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() {6 points) Supposc the govermment imposes an output tax of ¢ = 3. Determine the new
long mn marginal and average costs as well as the new equilibrinm price and quantity.
How is the ontput tax allecting the munber of firms in the tortilla market?
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{e) {6 points) Suppose that one specific tortilla firm has a short run marginal cost curve of:

MC =6+5q

The marker supply and detnand carves for tortillas are given by:

Ps=41-0Qg /‘

Pp=10-0Qp

For what value of fixed costs, £7C. will this finn be waking losses in the short ran?
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4. Analysis of Government Policy (20 points)

US steel manufacturers supply steel according to the market supply function:
e
Qs=20+71

US steel demand is given by
Qp =30 —d]

b 2.5

(@) (2 polnts) What 1s the domestic v(_ﬂ@m quantity and price?
P o S pe30 Y0 - 20
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{b) {6 points) The US government decides to open the steel market to trade. The world price
of steel is @V = 0.3y Assume US production is very small relative to world production
\, - "‘"—.ﬂ—‘_‘—.___.__—

suel he A price remains P = 0.5 even after the US opens to trade. What is
the (haufu in dnnusnt consimer surplus and pmrluu Aﬁluplna ) [Z'y Z)
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(¢) (4 points) Now alak)ptm the US mmuumul decides to restyict imports such that the \L{Ot} ﬂ]}’
domestic price is now 4 = 1. What ¢uota would the government need to impose?
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(1) (4 poimrs) If the govermment auctions import permits to foreign producers, what is the ”"’ﬂﬁf‘fg

maximun amount they would be willing to pay for such permits {in aggregate) given
the quota vou found in part {¢}?
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{¢) (4 points) Think more broadly about the U.S. economy. Would these changes in con-
swmer and producer surplus be the only effects of imposing a quota relative to free trade?
[ow do such restrictions affect the car industey? Would the steel workers union support

such an import guota? How abont construction workers? What would happen to the
incentives to develop steel substitures?
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5. General Equilibrium (20 points) \(/Om s é’QCll

Robinson and Iriday live on a dessert island. There are two goods on the island that the two
agents have utility over: cake {C) and ice-cream {1). Robinson's nlilit' funection is:

Up(Crdg) =2-n(Cgr) + In(Ig) {6@0"'

while Friday’s utility funetion is:
Up(Cp dp)=In{Cpr)+2-In({p)

Robinson has 3 units of cake and 7 units of ice-cream while Friday has 5 units of cake and
( units of lee creamn.

{a) (4 points) Write an expression for Robinson's and Iriday’s MRS, Under whai condition
is the allocation of cake and iec-cream between the two agents Dareto efficient? \What is
the relationship berween llu“hr cake. pe, and ice-cream, py. and the MRS of the
two agents at a Pareto efficient allocation?
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(h) {5 points) Draw an Edgedxorth box and mark initial endowment point and the indif- /9/‘ q/
ference curves of Robinson awd Friday going through that point. s the initial endowment X, @
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{¢) (5 points) Derive the contrac
Robinson at a Parcto eflicient
relating the price ratio, 3}’—)’-{« and I in a competitive equilibrivm.

curve in terms of Cp and I - the conswption hundle of
wllocation. Using the contract curve write an expression



() {6 points) Compite the price ratio %— and the quantities of € and I that Robinson and
)
Friday will consule in a competitive equilibrinan of this exchange economy. You can

leave vour answers\as simple [ractions.




14.01 Fall 2009: Exam 2 Solutions

November 13, 2009

1. True/False/Uncertain Questions (20 points)

In this section, write whether each statement is True, False or Uncertaint. You should fully
explain your answer, including diagrams where appropriate. Points will be given based on

your explanation.

(a) (4 points) In a perfectly competitive market, price ceilings make consumers worse off.

Please include a graph in your answer.

Uncertain. This depends on the difference between the loss of consumer surplus due
to excess demand at the price ceiling, and the additional consumer surplus received by

individuals who are able to purchase the good:

Price

Consumersthatcan
buythe goodgainA

—_—_——g -

Consumers that
cannotbuy.loseB
A-B=netto consumer

Thelossto producers
is the sum of
rectangle Aand
triangle C

~ Netto society:
[A-B] - [A+C)=-[B+C]

Q, Qo Q,

(b) (4 points) A firm whose production technology exhibits constant marginal products has

constant returns to scale.

True.

q= f(k,1); fi = const., fr. = const. =



FOEMN) =X fe+M-fi=Mk- fu+1-f1) = Af(k, 1)

Note that this is true only if f(0,0) =0 as well. Otherwise it will be uncertain.

Some of you interpreted the question to mean that the production technology has non-
diminishing marginal products. The correct answer for this interpretation was also ac-
cepted since the question was ambiguously stated.

(¢) (4 points) In the short run, a perfectly competitive firm may operate even if it is earning
a negative profit.

True. If the average total cost at the profit mazimizing level of output is higher than the
price, the firm will make a loss. The firm will stay in operation as long as the price is
greater than the average variable cost since it’s minimizing its losses this way.

(d) (4 pionts) In an economy with perfectly elastic demand, any positive tax on the finial
good will drive the quantity demanded to zero.

Uncertain. If there is a positive amount of producer surplus in equilibrium, it is possible
to implement a taz and still have a positive quantity demanded (as the taz revenue come
s entirely out of producer surplus). However, if the supply curve is perfectly elastic as
well, any taz will prevent the market from reaching equilibrium.

(e) (4 points) In an Edgeworth Box, indifference curves are always tangent along the contract
curve.

False. This will be true only when both individuals are consuming a positive amount of
each good. The marginal rates of substitution do not have to be equal (and hence the
windifference curves do not have to be tangent) along the boundaries of the box.

2. Production and Costs (16 points)

Suppose that the production function of a firm making burritos is:

q(K,L) = K2L2

where g is the number of burritos produced, K is the machines used in production and L is
labor used in production.

(a) (4 points) Assume that the wage rate is w = 4, and the rental rate on capital is 7 = 1.
Derive the long run demand for labor and capital as well as the long-run total cost and
average cost functions as a function of output. Does this production function exhibit

increasing returns to scale, constant returns to scale, or decreasing returns to scale?
Why?

The production function exhibits constant returns to scale. MRTS = w/r implies K/L =
w/r =4. Hence, K = 4L and so L(q) = q/2 and K(q) = 2q.

Hence, LRTC =rK(q) +wL(q) = 4q and LAC = 4.



(b) (4 points) Now assume that capital is fixed at K = 4, and the wage rate and the rental

rate of capital are as in part (a). Derive the short run total cost, average fixed cost,
average variable cost, average total cost, and marginal cost as functions of output.

SRTC =K +wL(q) = 4+ 4L(q) where we use the production function to find L(q) =
(4°)/4.
Hence, SRTC =4 + ¢>

AFC =4/q
AVC =q
ATC =4/q+¢q
MC =2q

(4 points) Draw a diagram plotting MC, AVC, and ATC. At what price should the firm
shut down? Explain your intuition. On a separate diagram, graphically show the short
run market supply curve assuming that there are two firms with this production function
in the market. (If you did not get part (b), then draw a diagram with generic cost curves.
Then show at what price the firm should shut down and graph the short run market
supply curve assuming that there are two firms in the market and the cost curves you
graphed)

Since MC > AVC for any quantity, the firm will never shut down in the short run.

In other words, for any given price, the firm will be able to cover its variable costs and
manimize losses. The market supply curve is given by P = Q.

Cost y

ATC
AVC

MC

Y

(4 points) Suppose the price of burritos is p = 8. Draw a diagram with both the long-run
average cost and the short run average total cost from part (b) (where capital is fixed
at K = 4). Show where short run production is located on this graph, and comment on
whether the firm would change its capital level in the long run.

p = MC = 2q implies q = 4, which means that short run demand for labor is L(q) = 4.
Short run average total cost at ¢ = 4 equals 5, which is higher than long-run average
cost, which is equal to 4 for any q. Hence, in the short run, the levels of both capital
and labor equal 4. However, from part {a), we know that the optimal level of capital in
the long run is always 4 times the amount of labor. Therefore, the firm would change its
capital level in the long run.



Cost

I SRMC ATC
/ MR
LAC
q* q

3. Competitive Market Supply (24 points)

Assume that the market for tortillas is perfectly competitive. The market demand curve for
tortillas is given by:
P=1=

Suppose that for each firm, the long run cost of producing ¢ tortillas is:
Cla) = ¢ - 2¢* + 3¢

(a) (4 points) What are the fixed cost, marginal cost and average cost for each firm?

There is no fized cost. The marginal cost is given by

MC(q) =3¢> —4q+3

and the average cost is given by

AC(g)=¢*—2¢+3

(b) (4 points) Assume that firms are perfectly competitive. What is the market price that
each firm faces in the long run?

We know that in the long run, the equilibrium is characterized by AC = MC or alterna-
tively the price is at the minimum of the average cost. Hence we have that:

2q—2=0

and so ¢* = 1. At ¢* = 1, we have: AC = 2. Hence, the market price that each firm
faces in the long run is P* = 2.



(c) (4 points) What is the long run equilibrium price, output, and number of firms?

The LR price is given by P* = 2. Hence, the long run equilibrium output is given by
Q* = 8 and the number of firms is given by:

N = Q¢
= 38

(6 points) Suppose the government imposes an output tax of ¢ = 3. Determine the new
long run marginal and average costs as well as the new equilibrium price and quantity.
How is the output tax affecting the number of firms in the tortilla market?

The new marginal cost is given by

MC' =3¢> —4g+6

and the new average cost is given by

AC'=q*—29+6

Hence, in the long run we again have: ¢* = 1. However AC'(qx) = 5. Hence, we have
that P* = 5. Hence, the price is higher than before. At the new price, Q* = 5 and
N* = 5. There are fewer firms in the tortilla industry as a result.

(e) (6 points) Suppose that one specific tortilla firm has a short run marginal cost curve of:

MC = 6 + 5¢

The market supply and demand curves for tortillas are given by:
Ps=4-Qs
Pp=10-Qp
For what value of fixed costs, FFC, will this firm be making losses in the short run?
In equilibrium, the price is given by:

Q*=2and P* =8

At this price, the firm will produce where MC = MR and so g = % =.4. The profit of
the firm is given by:
®r = Pq¢-TC
= 8-4—-(28+FC)
= 04-FC

where the total cost is given by: TC = fg‘ (6 +5q)dg = 6q + éq?—z + FC =28+ FC.
Hence, the firm is making a loss if 0.4 — FC <0 and so FFC > 0.4.



4. Analysis of Government Policy (20 points)

US steel manufacturers supply steel according to the market supply function:

Qs=20+P

US steel demand is given by:

(a)

(b)

Qp =30 —4P

(2 points) What is the domestic equilibrium quantity and price?
In the market equilibrium P = 2 and Q = 22.

(6 points) The US government decides to open the steel market to trade. The world price
of steel is P = 0.5. Assume US production is very small relative to world production
such that the world price remains P" = 0.5 even after the US opens to trade. What is
the change in domestic consumer surplus and producer surplus?

At the world price consumers will demand Qp = 30—4-0.5 = 28 while domestic producers
will supply Qg = 20+ 0.5 = 20.5.

ACS=(2-05)-22+3-(28—22)-1.5=375
APS=—(2-0.5)-20.5-11.5-1.5 = —31.875

(4 points) Now suppose the US government decides to restrict imports such that the
domestic price is now P¢ = 1. What quota would the government need to impose?

Quota = Qp(1) — Qs(1) =26 —-21=5

(4 points) If the government auctions import permits to foreign producers, what is the
maximum amount they would be willing to pay for such permits (in aggregate) given
the quota you found in part (c)?

Value of permits = (1 —0.5) *5=2.5

(4 points) Think more broadly about the U.S. economy. Would these changes in con-
sumer and producer surplus be the only effects of imposing a quota relative to free trade?
How do such restrictions affect the car industry? Would the steel workers union support
such an import quota? How about construction workers? What would happen to the
incentives to develop steel substitutes?

No, raising the price of steel via an import quota would have broader impacts. It would
hurt domestic industries that rely on steel as an input like the car and construction
industries. Steel worker unions would support the quota, but construction unions would

oppose it. By raising the price of steel we would strengthen the incentives to develop
alternatives.

5. General Equilibrium (20 points)

Robinson and Friday live on a dessert island. There are two goods on the island that the two
agents have utility over: cake (C) and ice-cream (I). Robinson’s utility function is:

Ur(CRr,Ir) =2 -In(CRg) + In(Ig)



while Friday’s utility function is:
UF(CF, Ip) = 1H(Cp) +2- 1n(fp)

Robinson has 5 units of cake and 7 units of ice-cream while Friday has 5 units of cake and
6 units of ice cream.

(a) (4 points) Write an expression for Robinson’s and Friday’s MRS. Under what condition
is the allocation of cake and ice-cream between the two agents Pareto efficient? What is

the relationship between the prices for cake, pc, and ice-cream, pr, and the MRS of the
two agents at a Pareto efficient allocation?

We have that MRSy = %ﬁ;— = 2%% and MRSp = %f;— = %é‘:: Given the agents’

preferences the allocation is Pareto efficient whenever MRSr = MRSy or 2%,% . %é%
At a Pareto efficient allocation we have that MRS = "?f = MRSF.

(b) (5 points) Draw an Edgeworth box and mark the initial endowment point and the indif-
ference curves of Robinson and Friday going through that point. Is the initial endowment
Pareto efficient? Why or why not?

The initial endowment point is not pareto efficient because the MRS for Robinson and
Friday are not equal, i.e. we can make both of them better off by giving Robinson more
cake and less ice-cream than his initial endowment and giving Friday more ice-cream and
less cake than his initial endowment.

Ice cream 4 )
P Friday

*

Ur
Ur
Robinson v Cake

v

(c) (5 points) Derive the contract curve in terms of Cg and Iy - the consumption bundle of
Robinson at a Pareto efficient allocation. Using the contract curve write an expression
relating the price ratio, %, and Ip in a competitive equilibrium.

We have that at a Pareto efficient allocation MRSr = M RSF or Qé% = %é% = %_(—:I_:—ICB‘;

where T =13 and C = 10. Then 4(CIp — Crlr) = ICr — CrlIg and so Cr = %14%25 =
%ﬁ; describes the contract curve. Using M RSr we get that Q—é% = E)—IC and so &ES—{H —
PC

pI



(d) (6 points) Compute the price ratio % and the quantities of C' and I that Robinson and
Friday will consume in a competitive equilibrium of this exchange economy. You can
leave your answers as simple fractions.

Approach 1: Suppose that the price ratio Tf;—; = p. Then from the budget constrain for
Robinson we have that pcCr + prlr = ped + pi7 or dividing by pr: pCr + Ir = 5p +
7. From part (c) we have that at a competitive equilibrium allocation (which lies on
the contract curve) and prices Cr = %"}E and p = L;‘}h. Substituing these into
Robinson’s budget constraint we get an equation for Robinson’s consumption of ice-cream

4

in a competitive equilibrium: 31 = % +7. Hence, I = 31 and sop = %, Cr = 161—,
Ip:%ﬁ ande:%.
Approach 2: Given prices pc and pr from Robinson’s utility mazimization problem we
o 22547 1 1 2545
get that Cp = 5 55—, Ig = 3(%5 + 7) and Cp = 3 m—. We also know that
Pr rr

2’;—§s+7 1%555% pc _ 20 _ 4 .
Cr + Cr = 10 and so we have that 5 og— + 55— = 10 and so L=5=3 This

Pr

Pr
means that Cr = 4, Cp =2, Ip = % and Ip = 2.
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14.01 Fall 2008
Exam ;2%@%«9/\’ Mfl(
November dth. 2008
. {Total: 20 Points) True/False Questions: In this section write
whether each claim 1s True or False. Please fully explain your
answer. using a diagram 1if appropriate. No credit will be
awarded to solutions without clear explanations.

{a) (5 Points) The magnitude of the elasticity of the supply of
hamburgers 15 less than 1, and the government imposes a
' = o \ .
$1 tax on hamburgers. L(nelaal‘l(,

Claim: The buyer’s price of hamburgers will
increase less than 50 cents. (Support your argument Wit

a sketch.) “why will ASsume ‘fa,y
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(b) (5 Points) Claim: Any government intervention in a goods

market that increases consumer surplus and generates dead-
weight loss 1n that market must then also reduce producer
surplus in that market. (Support your argument with a
sketch.)
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(c) (5 Points) Suppose that there are only two goods in the
world, cars and wheat. In country X it takes 500 labor
hours to produce a car and 0.25 labor hours to produce a
pound of wheat. In country Y 1t takes 600 labor hours to
produce a car and 0.35 labor hours to produce a pound of

wheat. These per-unit costs are independent of the quan-
tity produced.

Claim: Country X has a comparative advantage over coun-
try Y in the production of cars. {Nake explicit any calcu-

lations.)
MRTS ¢ bt
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(d) (5 Points) A firm with a production technology that re- )
quires a constant ratio of inputs faces constant input prices.

Claim: If the firm exhibits economies of scale in produc-
tion over some range of output, then it must also exhibit
increasing returns to scale. (Make explicit any calcula-
tions.)
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2. {Total: 10 Points) Webcams are produced in a perfectly com-
petitive market. The long run cost tunction of a webcam man-

ufacturing firm is given by:

C (q) = 32 + 2¢° Tl [t e e
c’é Can C{”

(a) (7 Points) Calculate the long run equilibrium price of we-
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(b) {3 Points) Suppose the demand function for webcams is

given by:
\ Qp =98 —
.,){ \[‘l 4 Calculate the number of webcam- producn@l the
J long run. H
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(Total: 10 Points) The production function for constructing
skyscrapers 1s given by:

e :,-ﬂws
(k1) =k+(l+ l‘)%

[Pv]

where output 1s measured in number of floors.

The MIT construction company has agreed to construct a @
floor skyscraper in the US and a@ﬂoor skyscraper in Far-
awayland. The firm has the same technology available in both
countries. Assume that both capital and labor inputs are vari-
able inputs 1n each country’s production decision.

(a) (5 Points) In Farawayland, where labor is abundant and
capital is scarce. the rental rate of capital 13 560 and wages
are $20,_ Calculate the quantity of labor and capital inputs
used to construct the skyscraper in Farawayland.
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(b) {5 Points) In the US, the rental rate of capital 1s $30 and
wages are 530. Calculate the quantity of labor and capital
mput used to construct the skyscraper in the US.

bane ks before oxpt JfE

» . U

1 &
%{—:ﬂfl
_’2 _ _/h;/ti/ﬁ/;
_.CI.,



4. (Total: 19 Points) Donuts, D, are made with sugar, S, and
machines, M. These inputs can be purchased in competitive
markets at prices Ps and Pa respectively. Note that the ma- §1M/J .MJ

chines are poorly constructed and tully depreciate after a single

production period. Donuts are produced according to the fol- I/U{vC
lowing technology:
= = oot L
Q“Dm\-;)'?‘)\rfiq on Pﬂj 5”%%

96 +/7 I 3

(a) (2 Points) Calculate the firm’s MRTS of S for M. y
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(b) {5 Points) Calculate the firm’s input demand for S as a
function of output (D) and prices { P/, Ps). For simplicity,

. . ; 1 / g
rule out corner solutions by assumipg that D > V’%. /"Z - (
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(¢) (4 Points) Calculate the firm’s long run total cost funetion,

;
C(D). For simplicity, assume that D > \’ .,.F;;w.
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(d) (3 points) Suppose that P; = F,; = 8 and the price of
donuts is 16. Calculate the quantity of donuts the firm
would produce in the long-run.
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(e) (5 Points) Suppose that Ps = 8 and that Py, = 12 and
the price of donuts remains 16. Also, suppose that due
to an ordering blunder, the firm purchases and installs 4
machines that cannot be removed in the short run, that
may not be rented out to another firm, and that no addi-
tional machines may be installed. Calculate the quantity
of donuts that the firm produces in the short run if operat-
ing. Calculate the firm’s resulting accounting profit. Will
the firm optimally choose to shut-down in the short run?
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5. (Total: 20 Points) Consumers A and B consume goods X and
Y. There 15 a fixed total of 10 units of X and 9 umts of }" 1n
the world. Consumer A has utility of the form:

Ua(Xa.Ya)=In(X4) +In(Y,)

Consumer B has utility of the form:

LTB(.\.S. }é) = f??;-\:_q\} + 2= fn(}g}

(a) (5 Points) Suppose that a utilitarian planner allocates the
goods such tha @: U4+Usz 1s maximized. Determine

the allocation of goods that maximizes the SWF. ‘T
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(b} (2 Points) Calculate each individual’s utility level at the
allocated consumption levels.

(c) (2 Pointg) Is this allocation/Pareto gfficient? Explain.

(d) Suppose that consumers are able to engage in trade, but
a law restricts them to trade X for Y at a 1-for-1 ratio.
Also, assume the 1mtial allocation of goods 15 instead X 4 =
8. ¥4 =0, Xg=08,Yg=4

i. (2 Point) Calculate each individual’s budget constraint.



ii. (2 Points) Determine each consumer’s optimal consump-
tion bundle, given his initial endowment and the 1m-
posed exchange ratio of 1.

iii. {3 Points) Continuing to assume that the exchange rate
1s restricted to be 1-for-1, will trade occur between con-
sumers A and B from the initial allocation?

iv. (2 points) Is the outcome Pareto efficient? Explain.

v. (2 points) Suppose that the law restricting the exchange
rate of 1 1s abolished. Could trading/bargaining trom
the initial allocation in (d) result in the planner’s allo-
cation from {a)? Explain.



. {Total: 20 Points) In the country of Fritoland domestic demand
for corn 1s given by: 00&
he

= 120 — 7 \'l*
@p P [)\(\0\1 \U\T‘L\
and domestic supply for corn 1s given by: \ i
1
Qs =3P

-

where quantities are measured in billions of pounds and prices
n cents per pound.

{a) (2 points) Calculate the price of corn and the quantity of
corn consumed in Fritoland if the country remains 1solated
from the rest of the world? (Include units.)/"
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by {4 points) Suppose that Fritoland opens itself to foreign
trade, and imports/exports of corn are now allowed with-
out restriction. Further. suppose that the world price of

corn 13 (40 Yents per pound. Calculate the quantity of
corn su ed by domestic producers. the quantity of corn

consumed domestically, and the net quantity of corn 1m-
ported/exported by Fritoland. {Include units.)

@, =120 - 40
Cl””"p = 50 /

9 f& -4
YW 7, o

’ . < 70 \/', ;
dom ~ mpaked B0 W /
% 70 = G Dlan Mo

{¢) (4 points) Calculate the net change in domestic consumer
surplus and the net change in domestic producer surplus

resulting from opening Fritoland to foreign trade. (Include
units.)
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’ 0x SRR
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(d) The domestic producers of corn are not happy with the in-
troduction of free trade and threaten to start a revolution.
The government responds by setting a quota that restricts
imports to a maximum of 30 billion pounds.

i. (2 points) Calculate the resulting price of corn in Fritoland.

(Include units.)
6 whatto b
ook <t
ao = Qf? f30
60 [26-p= 1P+

24o -2p =p +G0
% l§0 < Zp

gb/ /0:60 @

ii. {1 points) Calculate the quantity of corn consumed do-
mestically. (Include units.)

ili. {2 points) Calculate the re.‘ul g domestic consumer
surplus and domestic producer surplus. (Include units.)
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iv. (2 points) Calculate the deadweight loss associated with
the quota relative to the free trade state. (Ignore the
surplus of foreign producers in calculating uocml sur-

plus). {Include units. ]
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(e} {3 points) Suppose that to further appease domestic pro-
ducers, the government decides to eliminate the quota in
tavor of a tanff that will leave imports at the current level

AMM
as under the quota, and distributes the revenues of the tar-
iff among domestic producers. Will this poliey fully com-
pensate the producers for the loss of surplus due to imports
{compared to the isolated economy in (a))?
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14.01 Fall 2008
Exam #2 Solutions
November 4th, 2008

1. (Total: 20 Points) True/False Questions: In this section write
whether each claim is True or False. Please fully explain your
answer, using a diagram if appropriate. No credit will be
awarded to solutions without clear explanations.

(a) (5 Points) The magnitude of the elasticity of the supply of
hamburgers is less than 1, and the government imposes a
$1 tax on hamburgers.

Claim: The buyer’s price of hamburgers will necessarily
increase less than 50 cents. (Support your argument with
a sketch.)

Fualse, if |Ep| < |Esg| the price of hamburgers will increase more than
50 cents regardless of the elasticity of supply.

D
Price

Quantity



(b) (5 Points) Claim: Any government intervention in a goods
market that increases consumer surplus and generates dead-
weight loss in that market must then also reduce producer

surplus in that market. (Support your argument with a
sketch.)

False: a subsidy makes both producers and consumer better off, but
there is deadweight loss since the government erpenditure is greater
than the sum of the gains in surplus.

In the diagram:
ACS = ECGF >0

APS = ABCE >0
Gouvt.Ezpenditure = ABGF

DWL = |ACS+ ACS — Govt.Ezpenditure|
CBG

Price

Subsidy j 211 (5 SREmECESME N . i

D

B st s sttt

Qy  Qq Quantity

(c) (5 Points) Suppose that there are only two goods in the
world, cars and wheat. In country X it takes 500 labor
hours to produce a car and 0.25 labor hours to produce a
pound of wheat. In country Y it takes 600 labor hours to
produce a car and 0.35 labor hours to produce a pound of

(8%



wheat. These per-unit costs are independent of the quan-
tity produced.

Claim: Country X has a comparative advantage over coun-
try Y in the production of cars. (Make explicit any calcu-

lations.)

False. Opportunity cost of a car in terms of wheat in country X is
500

%%&_:r— = 2000.0% > % = 1714. 3%:oppor'ttmity cost of a car in

terms of wheat in country Y. This means Y has a comparative ad-
vantage over X in the production of cars since has lower opportunity
cost. (Even though X has absolute advantage).

(d) (5 Points) A firm with a production technology that re-
quires a constant ratio of inputs faces constant input prices.

Claim: If the firm exhibits economies of scale in produc-
tion over some range of output, then it must also exhibit
increasing returns to scale. (Make explicit any calcula-
tions.)
True. Intuitively, let go = F(K,,L,) — C(q,) = wL, + 7K,.
Consider increasing inputs by a scalar a > 1. We know by Economaies
of Seale:

C(ago) < aC(go),a > 1

Let qy = F(aK,,aL,). By constant ratio of inputs we know cost
increases by a. If q1 = agy then increasing output by a is a times
the initial cost, but we know the cost is strictly less. Therefore it
must be that q; > aq, and we have increasing returns to scale.

F(aK,,aL,) > aF(K,, L)
Alternatively note

C(aF(K,, L)) = Clag,) < aCl(g,) = aC(F(K,, L,)) = C(F(aK,,aL,))
By economies of scale By constant :.;t'm of inputs

— aF(K,,L,) < F(aK,,2L,) — Increasing Returns to Scale

2. (Total: 10 Points) Webcams are produced in a perfectly com-
petitive market. The long run cost function of a webcam man-
ufacturing firm is given by:

C(g) = 32+ 2¢°



(a) (7 Points) Calculate the long run equilibrium price of we-
bcams.

We have that:

MC = 6¢°

32
AC = ?4'2{}2
TVC = 2¢°
AVC = 24°

In the long run profits must be zero, so p = AC and pofit maximiza-
tion implies p = MC' therefore:

AC = MC
2
S 3?+2q2=6q2
——1 E— 3
1 =q
= q¢g=2

so the long run equilibrium price will be

MC(2)=6(2%) =24

(b) (3 Points) Suppose the demand function for webcams is

given by:

Qp=98—-2p
Calculate the number of webcam-producing firms in the
long run.

Given the long Trun equilibrium price, we know the quantity demanded
will be 98 — 2(24) = 50. Since in the long run each firm produces 2
webcams, the number of firms will be 25

3. (Total: 10 Points) The production function for constructing
skyscrapers is given by:

Fk)=k+(l+1)?

where output is measured in number of floors.

The MIT construction company has agreed to construct a 64
floor skyscraper in the US and a 64 floor skyscraper in Far-
awayland. The firm has the same technology available in both
countries. Assume that both capital and labor inputs are vari-
able inputs in each country’s production decision.



(a) (5 Points) In Farawayland, where labor is abundant and
capital is scarce, the rental rate of capital is $60 and wages
are $20. Calculate the quantity of labor and capital inputs
used to construct the skyscraper in Farawayland.

Given the production function, we have:

MP, =

MP = z(@+1)}

2| = =

then

1 1
MRTS=———=¢€ |0, %
2VI+1 ( 2)

So there will be an interior solution iff = < % Therefore to find the
amount of capital and labor used in Faraway land we set:

MRTS =
20 1 1
60 TR

l —

|
p—

l =

Wl © w5 R

Therefore, since 64 floors need to be constructed:

/5
4=k -+1
6 + 4-i-

3
k= 64—3

&

= 62.5

S0

(b) (5 Points) In the US, the rental rate of capital is $30 and
wages are $30. Calculate the quantity of labor and capital
inputs used to construct the skyscraper in the US.

Now, in the US % = 1 so there will be a corner solution and only
capital will be used. Therefore:

[=0
which tmplies:

64 = (O+1)% +k



4. (Total: 19 Points) Donuts, D, are made with sugar, S, and
machines, M. These inputs can be purchased in competitive
markets at prices Ps and Py, respectively. Note that the ma-
chines are poorly constructed and fully depreciate after a single
production period. Donuts are produced according to the fol-
lowing technology:

D = /48 + 2M1/2

(a) (2 Points) Calculate the firm’s MRTS of S for M.

w LaS+am!/?)~ 12y
I — 2 — Y
el T(AS+2M/2) =120 -1/ VM

a9

(b) (5 Points) Calculate the firm’s input demand for S as a
function of output (D) and prices (P, Ps). For simplicity,

. . P
rule out corner solutions by assuming that D > /55

D = /45 + 2M1/2

D® 7
=(=-=MV?
s=(T-3)

From (a)
Pg 1 [/ Ps -
4V M = — = — | =
VM Py - 16 (PM)
S0 B P [ L2
] Sy M} = 4 SPA[

if D> /355, S=0if D< /34

(c) (4 Points) Calculate the firm’s long run total cost function,

C(D). For simplicity, assume that D > 2*’;5m.

C = PsS+ PyM

D? 1P 1L FPsN°
C(D)Lr = Ps (T = gE) + Py 6 (E)

D*Ps P}
4 16Py




(d) (3 points) Suppose that Ps = Py = 8 and the price of
donuts is 16. Calculate the quantity of donuts the firm
would produce in the long-run.

MC = Pp =16

P3224D:16—>D:4

Note that the LRAC is

" 2 2
D= 1 Pg 1 Ps 4 1 1
Ps (T_ §H) +Pumyg (P_w) B S(T_'é) +8xy5
D 4
Since Pp = 16 > LRAC = 7.875 this is a stable production choice.

(e) (5 Points) Suppose that Pg = 8 and that Py, = 12 and
the price of donuts remains 16. Also, suppose that due
to an ordering blunder, the firm purchases and installs 4
machines that cannot be removed in the short run, that
may not be rented out to another firm, and that no addi-
tional machines may be installed. Calculate the quantity
of donuts that the firm produces in the short run if operat-
ing. Calculate the firm’s resulting accounting profit. Will
the firm optimally choose to shut-down in the short run?

ﬂ’.[CSR = PD =16

D
Ps> =4D=16—D=4

From the production function

4=+48+2+41/2 5 §=3
Profit = PpD — PsS — Py M
=16%4—-8%3—-12x4= -8

Even with negative accounting profit, firm continues to produce since
absent production accounting profit would be -48.

5. (Total: 20 Points) Consumers A and B consume goods X and
Y. There is a fixed total of 10 units of X and 9 units of ¥ in
the world. Consumer A has utility of the form:

Ua(Xa,Ys) =In(Xa) + In(Ya)



Consumer B has utility of the form:

UB(XB: YB) = ZH(XB) + 2 % J{TL(YB)

(a) (5 Points) Suppose that a utilitarian planner allocates the

goods such that SWF = U, +Upg is maximized. Determine
the allocation of goods that maximizes the SWF.

max In(Xa4) +in(Ya) +in(Xg) + 2in(Yr)
subject to

Ya+Ye=9X4+Xp=10

n(10 = Xg) +In(9 — Yi) + In(Xg) + 2in(Yp)

e 1
M ek U 2
Bl =% T X5

XB=5—>./YA=5

-1 2
YB] Q—YB-FE“O

Yp=6—-Y4=3

(b) (2 Points) Calculate each individual’s utility level at the
allocated consumption levels.

In(X4) +In(Ya); In(Xg) + 2in(Yg)
Ua(X4,Y4) =In(5) + In(3) = 2.708
Ug(Xg,Yg) =In(5) + 2 +In(6) = 5.193

(c) (2 Points) Is this allocation Pareto efficient? Explain.
Yes. MRS’s are equal at this allocation.

(d) Suppose that consumers are able to engage in trade, but
a law restricts them to trade X for Y at a 1-for-1 ratio.

Also, assume the initial allocation of goods is instead X4 =
5, ¥y =90, Ag =0 ¥n =14



1;

iii.

iv.

2 Point) Calculate each individual’s budget constraint.

PX4+PYy=5P+5P

XA-I—YA=10
PXp+ PYg =5P + 4P
Xp+Ys=9

(2 Points) Determine each consumer’s optimal consump-
tion bundle, given his initial endowment and the im-
posed exchange ratio of 1.

In(Xa)+In(Ya);In(Xg) + 2in(Yg)

Xy X4 0 1 e
MRSy =35 == =1~ Xa=5Ya=5

_QXB_ 2Xg _1 o .
MRSg = Y, —Q_XB—1—>XB—3,YB—6

(3 Points) Continuing to assume that the exchange rate
is restricted to be 1-for-1, will trade occur between con-
sumers A and B from the initial allocation?

No. Person A has their optimal allocation initially, so they will
not trade. Person B wants to trade Y for X but there is no one
to trade with.

(2 points) Is the outcome Pareto efficient? Explain.
No. Their MRS’s when consuming the initial endowment are
not equal

Xa 5 ,2Xp 10
M A=S—=— == M
MRS y=3/ =z~ == MRSp

For example A and B are better off consuming (6,4.5) and ({,4.5)
than (5,5) and (5,4)

(2 points) Suppose that the law restricting the exchange
rate of 1 is abolished. Could trading/bargaining from
the initial allocation in (d) result in the planner’s allo-
cation from (a)? Explain.

Consider the utility levels at the endowment in part d)

In(X4) + n(Ya); In(X5) + 2n(Yg)

Ua(Xa,Ya) =In(5) + In(5) = 3.219



Up(XE,Ys) =1In(5) + 2 xIn(4) = 4.382

Compare these to the utilities attained when the planner allocates
lﬂ.(XA) + ln(YA); l'J’L(XB) -+ 2[n(YB)

Ua(Xa,Ya) = In(5) + In(3) = 2.708

Up(Xp,Ys) = In(5) + 2 * In(6) = 5.193

Note that Person A is strictly better off with the allocation at
in part d. Therefore the planners allocation does not lie in the
"gains from trade” region from the initial allocation and the bar-
gaining/trading equilibrium can never reach the planners alloca-
tion.

6. (Total: 20 Points) In the country of Fritoland domestic demand
for corn is given by:

Qp=120-p
and domestic supply for corn is given by:

1
Qs = 5P
where quantities are measured in billions of pounds and prices
in cents per pound.

(a) (2 points) Calculate the price of corn and the quantity of
corn consumed in Fritoland if the country remains isolated
from the rest of the world? (Include units.)

Setting Qp = Qs:

1
-p = 120-
2?) p
p = 80 cents per pound

and
@ = 40 billion pounds

(b) (4 points) Suppose that Fritoland opens itself to foreign
trade, and imports/exports of corn are now allowed with-
out restriction. Further, suppose that the world price of
corn is 40 cents per pound. Calculate the quantity of
corn supplied by domestic producers, the quantity of corn

10



consumed domestically, and the net quantity of corn im-
ported/exported by Fritoland. (Include units.)

1
Qs = 3 (40) =20

So the quantity supplied by domestic producers will be 20 billion
pounds.

Qp=120-40=80
So the total quantity consumed will be 80 billion pounds:
Then imports will be 60 billion pounds
(4 points) Calculate the net change in domestic consumer
surplus and the net change in domestic producer surplus
resulting from opening Fritoland to foreign trade. (Include
units. )
Before opening the economy:

CS = = (120 — 80) (40) = 800

B = B =

PS = =(80)(40) = 1600

After opening the economy:

1
¢S = 3 (120 — 40) (80) = 3200
PSS = % (40) (20) = 400
Therefore:
ACS = 3200 — 800 = 2400 billion cents = $24 billion
APS = 400 - 1600 = —1200 billion cents = —$12 billion

The domestic producers of corn are not happy with the in-
troduction of free trade and threaten to start a revolution.
The government responds by setting a quota that restricts
imports to a maximum of 30 billion pounds.

i. (2 points) Calculate the resulting price of corn in Fritoland.

Include units.)
We have that imports now have to be 30 billion. Therefore, the
difference between domestic consumption and domestic supply

will be 30:

Qp-QF = 30
1
120 —p — 5P = 30
3
90 = -
213
p = 60

11



il.

iil.

v.

Then p = 60 cents per pound.

(1 points) Calculate the quantity of corn consumed do-
mestically. (Include units.)
Substituting in the demand:

2 =120 - 60 = 60

so the new quantity consumed will be 60 billion pounds.

(2 points) Calculate the resulting domestic consumer
surplus and domestic producer surplus. (Include units.)

What will be the resulting consumer surplus and domestic pro-
ducer surplus?

1
cs = 5 (120 — 60) 60 = 1800 billion cents
= $18 billion
The quantity supplied by the domestic producers will be 30, so
PS5 = % (60) (30) = 900 billion cents
= $9 billion

(2 points) Calculate the deadweight loss associated with
the quota relative to the free trade state. (Ignore the
surplus of foreign producers in calculating social sur-
plus). (Include units.)

12



80 [----------2

60

ol j

20—30 60+—580

We have that the APS will be the region A :

APS = % (30 + 20) (60 — 40) = 500

The loss in consumer surpluss will be the sum of the regions
A B,C and D :

ACS = —% (60 + 80) (60 — 40) = —1400

Since there is no government revenue or expenditure and we
ignore the surplus of foreign producers, the loss of social surplus
will be the sum of the regions denoted as B, C' and D in the
diagram :

DWL = —(APS+ACS)
= 900 billion cents
= $9 billion
(e) (3 points) Suppose that to further appease domestic pro-

ducers, the government decides to eliminate the quota in
favor of a tariff that will leave imports at the current level

13
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as under the quota, and distributes the revenues of the tar-
iff among domestic producers. Will this policy fully com-
pensate the producers for the loss of surplus due to imports
(compared to the isolated economy in (a))?

Since the quota rose the price from 40 to 60 cents/lb, the same effect
would result from a 20 cent/lb quota. Imports would be 30 billion
pounds, but now there would be a government revenue of (20) (30) =
600 billion cents = 36 billion (region D in the diagram) . However
PS remains at 89 billion, whereas before there were imports it was $16
billion. In order to compensate the loss of surplus, the government
would have to pay producers 87 billion, so the revenue from the tariff
will not be sufficient.

14
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