14.01 Fall 2010
Problem Set 4

Due in class on Octobers 15th

1. For each of the following production functions, sketch a representative isoquant. Calculate the marginal
product for each input, and indicate whether each marginal product is diminishing, constant, or increasing.

Also calculate the marginal rate of technical substitution for each function. Also indicate whether the function

exhibits constant, increasing, or diminishing returns to scale.



a) F(L,K) = LKB

This production function is of the Cobb-Douglas form. Isoquants: K =(Q/L)"* look approximately
as follows:

K

L
Let’s first caleulate the marginal products and check whether they are diminishing,
constant or increasing.

oF __; J°F
MPL=—=K" — =0 Therefore, constant.
dL JL"
oF , OF . .
MPy = —=3LK" ~=06LK >0 Therefore. increasing.
JK oK~

For the MRTS we get.

MP, K 1K

MRTS =

MP, 3LK: 3L

Checking for returns to scale (we are scaling up all inputs by a factor t>1)

F(K.tL) = (L(K)* = 'LK® = 'FK.L).

So. this production function exhibits increasing retums to scale.

[



b) FLK)=L+3K
This is a perfect substitutes production function. Isoquants are linear with a slope equal to the
negative of the constant MRTS which 1s 1/3 here. Isoquant: K = Q/3 - (1/3)L.
K

Slope =-(1/3)

Marginal products are constant for both inputs.

MPy = E =1 8'1: =0 Theretfore. constant.
L, JdL’
doF a°F

MPg = =3 —— =0 Therefore. constant.
T K’

For the MRTS we get,

We verify constant returns to scaler  F(tK.tL) = (L+3tK = t(L+3K) = tF(K.L}.



¢) FLK)=[Mmn{LK}]"

This is a perfect complements production function. Isoquants are L-shaped (with the kink
a L=K).

Marginal products for both inputs:

Y o
=—ZK?? LK
9
For the MRTS we get,

MP,

MP,
=wif L<K
(MRTS not defined on the kink pothts, where K=L)

= 0if IL>K

MRTS =



This production function exhibits decreasing returns to scale (note t > 1)

F(tL,tK) = [min{tL,tK}]3 = [tmin{L, K}]3 = t3[min{L, K}]} <tF(K,L)

2. Consider the production function f(I,k) = 204 k1.

(a) (15 points) Find the associated (long-run) total, average, and marginal cost curves.

(b) (6 points) Sketch the total, average, and marginal cost curves.



(a) Minimize wl+K st 2L"K¥=Q

KL
Setting up the Lagrangian and solving for the first order conditions yields the “conditional” input
demand curves for Kand L.
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3. Suppose the process of producing corn on a farm is described by the function
q=8K7(L —40)3

where ¢ is the number of units of corn produced, K the number of machine hours used, and L is the number
of person-hours of labor. In addition to capital and labor, the farmer needs to pay a $15 transportation fee

to deliver corn to downtown. So the total cost can be written as:

TC =15¢+rK + wL



where wage rates is w and the rental rate of machines is 7.

(a) (8 points) Suppose in the short run, the machine hours rented are fixed at K = 8, and its rental rate
r = 64, and wage rate w = 16. Derive the short run total costs and average costs as a function of output
level (q).

When K=8, the short run production function is
q = 16(L — 40)3
this is

L=40+ (=)}

&=

the short run cost function is,

TCsp = 15q+512+w(40+(%)%)
= 1152+ 15¢ + 16(-%)%
16
and i
1162 -
Y 1o . o o TR, | A
SR ” + +(16)2

(b) (6 points) Suppose the farm wants to produce 64 units of corn, i.e., ¢ = 64, based on the answer to (a),
what’s the total short run cost?

3

The short run cost is TCsp = 1152 + 15¢ + 16 (%) * = 2240.

(c) (10 points) In the long run, the farm can change its capital level. By minimizing cost subject to the
production function, derive the cost-minization demands for K and L as a function of output (q), wage rates

(w) and rental rates of machines (r).

The marginal product for K is M P = %K:ug(L - 4D}§
for L MPy=K3(L-40)%
by setting marginal rate of technical substitution equal to the input price ratio,

MPyg r

MRTS = -
MRS = = 5

L—40) _
we have “F— = =

This means L — 40 = %

Substituting the above equations for K and L into the production function g = K3 (L— 40)% yields solutions
for K and L: ¢ = 8K 3% (2K)5 50 ¢ = 8K ()3

this implies L = 40 + £ (f_:)% and K = § (%)é

4. You run a cost-minimizing firm with production function f(I, k) = [min{l, k}]%, where [ is labor and % is

capital. Assume that you are a price-taker in the input markets: you pay w for each unit of labor you hire



and r for each unit of capital (where w and r are set exogenously), and face no costs other than those from

labor and capital.

(a) (15 points) Assuming that you can freely choose both labor and capital (i.e., the “long-run problem”),
derive expressions for your cost-minimizing conditional input demands, I, (r,w, Q) and k. (r,w, Q). Confirm

that the conditional input demand functions are “homogeneous of degree zero” in w and r; that is

L(tr,tw, Q) = L.(r,w, Q)and
ko (trytw, Q) = k.(r,w, Q)
for all ¢t > 0.

F(L,K) = {minL,k}§ is a perfect complements production function, so we know that we will always be
producing at L = K. Using this, Q = F(L,K) = {minL,k}% = {m'inL,L}é = L3 = L* = Q®andK* =
Q.

That is, L™ (r,w, Q) = K" (r,w, Q) = @ are independent of the input prices r and w. In particular, we verify
homogeneity of degree zero: L*(tr,tw,Q) = @* = L™ (r,w, Q) and same for K*(r,w, Q).

(b) (8 points) What will happen to your conditional demand for labor if there is an increase in the wage rate,

assuming that r and ) remain the same? Explain in one sentence why your answer makes intuitive sense.

As can be seen both in the picture and by plugging into the formulas, since L*(r,w, Q) = K*(r,w, Q) = @3
are independent of the prices r and w, there will be no change in the inputs for a change in prices (given
the perfect complement production function, producers cannot substitute away from labor when its price w

increases).

(c) (5 points) Use your answers from (a) to write down an expression for your total cost function TC(r, w, Q).

Is this function "homogeneous of degree one” in w and r; that is does T'C(tr, tw, Q) = tTC(r,w,Q)?

The total cost function TC(r, w, @) states how much it costs to produce quantity @, when prices are r and

w (and the producer behaves optimally). We have:
TC(r,w,Q) = wL*(r,w,Q) + rK*(r,w,Q) = wQ? +rQ® = (r + w)Q?
TC(r,w,Q) is indeed homogenous of degree one:

TC(tr,tw,Q) = (tr +tw)Q* =t - (r +w)Q3 =t - TC(r,w, Q).
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Figure 11-1:

The firm’s supply decision




Figure 11-2: Short-run market supply curve
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Figure 11-3: Firm entry

MNacket-

el o Ple 1 IQQO
1 D@” maldn "y s of pw(f
(/ - po- My Pf@t‘v{eﬁ

~bbs of domad
MC

ATC

preR

........................................................................

¥ Tf‘opme’h bk mide hoe
: 5:{ ne moe Cums  eals
0 q.2 c;[% 0 Q4 Q M%
po Dbt ma s U
ol vher ol | bot Dglls g s dowa

COﬂpﬂ‘“'Hﬂq han %7/921'\ Cow Cmf’M}és



oot o

NMainlrame market
Figure 11-4: Firm exit

MC

.‘ D"NL S0 Firms drop out oF narfet
: a W‘ﬂ fun

0 qd1 92 L . Q
o

short Sy in matel
P2 AVC




Figure 11-5: Long-run firm supply with
identical firms
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Figure 11-6: Long-run market supply with

identical firms
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Figure 11-7: International LR market supply curve for cotton

2
@
Q.
q =
8 \y U
c 100
& Al
1.71 \UW\ T
\ 56 \m\g United States
' Nicaragua, Turkey .
1.43 Cltsé ofllcort FFOW
{07 Brazil | ,
1'15 Australia bt g more CEELot
s Argentina F)(@d‘,{;m roed O
0.71 Pakistan
T E (’l mqni I\Q(‘{
1 Pa LM«W p (odurts
0 1 a“ ol 2 3 4 5 6 9

Cotton, billion kg per year

h\d‘ Prll(fﬁ



Figure 11-8: Shifts in labor market in the long-run
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Figure 11-9: Long-run market supply in an increasing cost market
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Figure 12-1: CEO compensation
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Figure 12-2

D@mé C(/A/'L
: Consumer surplus

Consumer surplus

Bork dused e, e demd
A o % dea i
he el

("’T a. PP P augass



il 'c( \Q,\ P[ a(;ﬂ;(l\(Q/ ? @?

14.01 Fall 2010
Problem Set 5

Due in class on October 22

1. (24 points) You manage a factory that produces cans of peanut butter. The current market price is
$10/can, and you know the following about your costs:

MC(5) =10, ATC(5) = 6
MC(4) =4, ATC(4) =4

a. (8 points) A case of food poisoning breaks out due to your peanut butter, and you lose a lawsuit against
your company. As punishment Judge Judy decides to take away all of your profits and considers the following

two options to be equivalent:

i. Pay a lump sum in the amount of your profits
ii. Imposing a tax of $[P — AT'C(q")] /can since that is your current profit per can, where q*is the profit
maximizing output before the lawsuit.

Explain briefly why she is right or wrong.

b. (8 points) Judge Judy gives you the option of choosing either plan. Which plan would you choose? Provide

intuition. Hint: a clear diagram may be helpful.

c. (8 points) In the following year, you finally pay off the court ordered amount and everything returns to
normal. However, an employee tells you that at current levels of production, actual costs are double what
you initially thought. After carefully looking at the cost information, you decide to continue producing the

exact same amount. Could you still be maximizing profits?

2. (32 points) Assume downward sloping or flat demand and a U-shaped LRAC curve. In each of the follow-
ing situations, determine graphically and/or verbally:

a) (2 points for each of (i)-(viii)) Does the firm have the cost-minimizing amount of capital given its output

level? If not, should the firm increase or decrease its amount of capital given its output?

b) (2 points for each of (i)-(viii)) Does the firm have the profit maximizing level of output given its amount
of capital? If not, should the firm increase or decrease its level or output, given its capital?

If the situation is impossible, state why.

i) SRAC > LRAC,SRMC > LRMC,MR = SRMC
ii) SRAC > LRAC,SRMC < LRMC,MR = SRMC
iii) SRAC < LRAC,SRMC > LRMC, MR = SRMC
iv) SRAC > LRAC,SRMC > LRMC, MR > SRMC
v) SRAC > LRAC,SRMC < LRMC,MR > SRMC
vi) SRAC = LRAC,SRMC = LRMC,MR > SRMC
vii) SRAC = LRAC,SEMC > LRMC,MR = SRMC



viii) SRAC = LRAC,SRMC = LRMC, MR = SRMC

3. (6 Points) Suppose, in the short-run, output of widgets is supplied by 100 identical competitive firms,
each having a cost function:

es(y) = %'9’3 +2
The demand for widgets is given by:

ya(p) = 6400/p*

(a) (3 points) Obtain the short-run industry supply function for widgets.

(b) (3 points) Obtain the short-run equilibrium price of widgets, and the output of widgets supplied by each

firm.

4. (22 Points) Sebastian owns a coffee factory in Argentina. His production function is:

F(K,L)= (K —1)3Li
Consider the cost of capital to be r and the wage to be w. Both inputs are variable, and Sebastian faces no
fixed costs.

a) (2 points) What is the MRTS of labor for capital?

b) (5 points) What are Sebastians input demands, conditional on the quantity (q) he wants to produce?
[Hint: Treat w and r as parameters.]

e

P
c) (3 points) Show that Sebastians long run cost function is C(q) = r + 2(wr)2¢%.

d) (5 points) What is the supply function of Sebastians firm?

Consider now that 7 = 4,w = 1 and that the market demand for coffee is Q4 = 20 — P. There are 7 other

companies operating in this market, all with cost structures identical to Sebastians company.
e) (6 points) What is the aggregate supply in this market?

f) (6 points) Calculate the equilibrium price, aggregate quantity sold, quantity sold by each firm and eco-

nomic profit of each firm?

g) (5 points) Can this be a long-run equilibrium? Why? How will the supply side of the market adjust in

the long-run?

h) (6 points) What is going to be the price in the long-run? How many firms will be present in this market

in the long-run? How much will each firm produce?
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14.01 Fall 2010
Problem Set 5

Due in class on October 22



1. You manage a factory that produces cans of peanut butter. The current market price
$10/can, and you know the following about your costs:

MC(5) =10, ATC(5)=6

MC(4)=4, ATC4)=4

a. A case of food poisoning breaks out due to your peanut butter, and you lose a lawsuit
against your company. As punishment Judge Judy decides to take away all of your
profits and considers the following two options to be equivalent:

1. Pay a lump sum in the amount of your profits

ii. Imposing a tax of § [P -ATC (q*)] /can since that is your current profit per can, wher
q*is the profit maximizing output before the lawsuit.

Explain briefly why she is right or wrong.
You maximize profits where p =mc, and since p= 10 =mc (5) you would set g*=5. w/q =
(p -atc) = (10 -6) = 4. The tax would be $4/can.

Judge Judy is wrong because the tax will shift your marginal cost curve up by 4, while
the lump sum does not change the marginal cost curve. Since the profit maximizing firn
sets p=mc, a tax will cause you to reduce your output and your average total cost at thi.
new output will be lower than ATC(5) = 6+4 = 10.

b. Judge Judy gives you the option of choosing either plan. Which plan would you
choose? Provide intuition. Hint: a clear diagram may be helpful.

The lump sum transfer will result in a & = ().

With the tax, me,(4) = 8 and since p= 10 > 8, this implies that the optimal q, is such tha.
4 <q,<5. We also know that 8 < atc, (q,) <10 since average total cost also shifts up by
This implies m, =q, (p -atc,) >0.

Intuition: since we know that mc (4) =atc (4), the average total cost is minimized at q =
both with and without the tax. By imposing a $4/can tax, the firm reduces its quantity
Jfrom 5 to q, which decreases average total cost. (p -atc) or the profit/can increases, so
that the firm is still making positive profits despite the $4/can tax.

You would prefer to have the tax plan.

c. In the following year, you finally pay off the court ordered amount and everything
returns to normal. However, an employee tells you that at current levels of production,
actual costs are double what you initially thought. After carefully looking at the cost
information, you decide to continue producing the exact same amount. Could you still |
maximizing profits?

Yes, the increase in costs could be completely due to fixed costs. This would not affect
your behavior in any way in the short run. However in the long run, since m=q (p -aic)
5(10-12) = -10 < 0, you would exit in the long run.



2. Assume downward sloping or flat demand and a U-shaped LRAC curve. In each of the following situations,

determine graphically and/or verbally:

a) Does the firm have the cost-minimizing amount of capital given its output level? If not, should the firm

increase or decrease its amount of capital given its output?

b) Does the firm have the profit maximizing level of output given its amount of capital? If not, should the
firm increase or decrease its level or output, given its capital?

If the situation is impossible, state why.

i) SRAC > LRAC,SRMC > LRMC, MR = SRMC
ii) SRAC > LRAC,SRMC < LRMC,MR = SRMC
iii) SRAC < LRAC,SRMC > LRMC,MR = SRMC
iv) SRAC > LRAC,SRMC > LRMC,MR > SRMC
v) SRAC > LRAC,SRMC < LRMC, MR > SRMC
vi) SRAC = LRAC,SRMC = LRMC, MR > SRMC
vil) SRAC = LRAC,SRMC > LRMC,MR = SRMC
viil) SRAC = LRAC,SRMC = LRMC, MR = SRMC

First, it is to be understood that capital input is here regarded as the fixed costs—fixed in the short run,

that is. The two questions for each case come down to your judgment in the short term and long term.

i) SRAC > LRAC,SRMC > LRMC,MR = SRMC MR = SRMC shows that the firm is at an output
level that maximizes the profit, given its capital in the short term. However, because SRMC > LRMC and
SRAC > LRAC, the amount of capital is not optimized to minimize costs at the present output level. The

firm should increase its capital input in the long run so as to move cost curves to the right.

ii) SRAC > LRAC,SRMC < LRMC, MR = SRMC Similar to above in the short run. But now SRMC <
LRMC, which means that the cost curves are to the left of optimum. Capital input must be decreased in
the long run to shift costs to the left.

iii) SRAC < LRAC,SRMC > LRMC, MR = SRMC Impossible: SRAC is always greater than LRAC.

iv) SRAC > LRAC,SRMC > LRMC, MR > SRMC The output is not optimized even in the short run,
because MR > SRMC. The output should be increased to maximize profit in the short run. Long run

decision regarding capital is the same as 1).

v) SRAC > LRAC,SRMC < LRMC,MR > SRMC The output is not optimized even in the short run,
because MR > SRMC. The output should be increased to maximize profit in the short run. Long run
decision regarding capital is the same as ii). Graphically, this means that SRAC curve should move to the
left along LRAC, to which it runs tangent at optimum output level.

(Note: Please give full credit if the student interprets the question as asking whether output is optimal not

holding capital fixed and answers that the optimal capital investment is ambiguous.)

vi)SRAC = LRAC,SRMC = LRMC,MR > SRMC SRAC = LRAC means that the capital input is
most appropriate for the given output level in the long run. However, since M R > SRMC, the given output



level is lower than it should be to maximize profit, so y needs to be increased in the short run to y#, causing
SRAC* > LRAC*, and SRMC+ > LRMC=. This means that SRAC curve must shift to the right to
reestablish the equilibrium between SRAC and LRAC. So an injection of capital is required in the long run,

and output will be increased.

vii) SRAC = LRAC,SRMC > LRMC,MR = SRMC Impossible. Where SRAC = LRAC and MR =
SRMC, SRMC must equal LRMC.

viil) SRAC = LRAC,SRMC = LRMC, MR = SRMC The company reaches the optimum level in both
long run and short run.

3. Suppose, in the short-run, output of widgets is supplied by 100 identical competitive firms, each having a
cost function:

1
es(y) = gyB +2

The demand for widgets is given by:
ya(p) = 6400/p*

(a) Obtain the short-run industry supply function for widgets.

Since P = MC = y2, the supply function of each firm is given by y = p?. In the figure below, MC = y? and
o



MC

AVC



The industry supply function is y*(p) = 100y (p) = 100p=.
(b) Obtain the short-run equilibrium price of widgets, and the output of widgets supplied by cach firm.

Y® =Y¢ = 100p% = 490 —> p = 64. Hence y* = 100 - 8 = 800 and y; = 8. Finally, p*=64.
P

3. Sebastian owns a coffee factory in Argentina. His production function is:
F(K,L)= (K —1)iL%

Consider the cost of capital to be 7 and the wage to be w. Both inputs are variable, and Sebastian faces no

fixed costs.
a) What is the MRTS of labor for capital?

MRTS = MP,/MPyg = (K - 1)/L

b) What are Sebastians input demands, conditional on the quantity (q) he wants to produce? [Hint: Treat

w and r as parameters.]

Optimality Conditions:
K-1 w

q i (I{ : 1)1/4L1/d

Lead to Conditional Demand Functions:
Ld e (5)1/2(12

K= (2)1/2¢% +1

¢) Show that Sebastians long run cost function is C(q) = 7 + 2(wr)2¢>.
Cq) = wLA + 1K = w(r/w)V/2¢? + r{(w/r)V/2¢% + 1] = 1 + 2(wr)/2?

d) What is the supply function of Sebastians firm?
The inverse supply function for a firm is given byl: P = MC(q), for any ¢ such that P > MinAC(q)

P = MinAC, when MC = AC 4(wr)/?q = 7/q + 2(wr)/?q q = (r/w)}/*/2}/2
Therefore, the inverse supply function is P = 4(wr)!/?q, for all ¢ > (r/w)}/*/21/2.

When g = (r/w)"/4/2Y/2, P = 23/2(wr3)}/4, and therefore,Sebatian’s supply function is:
q= P/[él(‘lﬂr)l/ﬂ]! when P > 23/2(,11”,3)1/4
q = 0, otherwise

Consider now that r = 4,w = 1 and that the market demand for coffee is Q4 = 20 — P. There are 7 other

companies operating in this market, all with cost structures identical to Sebastian’s company.

e) What is the aggregate supply in this market?



As shown in (c), C(q) = r + 2(wr)!/2¢? Therefore, MC = 4(wr)/2q = 8¢

MC = 8¢
Inverse Supply of one firm: P = MC = 8¢, for any ¢ such that P > MinAC

At MinAC,MC = AC

8¢g=4/q+4q
g=1
MinAC =8

Inverse Supply of one firm: P = 8q, forg > 1
Supply of one firm: ¢ = P/8, for P > 8 ¢ = 0, otherwise
Aggregate Supply: Q° =8=x (P/8) = P, for P > 8 ° =0, otherwise

f) Calculate the equilibrium price, aggregate quantity sold, quantity sold by each firm and economic profit

of each firm?

Q3=Qd
P=20P
P=10
Q=10
g=10/8 =5/4

Economic Profit of one firm = 10 * 5/444  (5/4)% = 2.25

g) Can this be a long-run equilibrium? Why? How will the supply side of the market adjust in the long-run?

No, because the economic profits of the firms in this market will attract the entry of other firms, until the
economic profits are driven to 0.

h) What is going to be the price in the long-run? How many firms will be present in this market in the

long-run? How much will each firm produce? In the long run we must have P = MinAC = 8

When P =8,Q; =208 =12
Asq =1, for AC = MinAC = 8, we will need to have 12 firms in this market in the long run, each producing

g=1.
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Figure 13-1: Consumer surplus for lectures
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Figure 13-3: Consumer surplus and elasticity of demand
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Figure 13-4: Producer surplus
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Figure 13-5: Impact of a decrease in output on welfare
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Figure 13-6: Effect of a Restriction

on the Number of Cabs
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Figure 14-1: Average and marginal revenue for a
competitive firm
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Figure 14-2:

Average and marginal revenue for a
monopolistic firm
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Figure 14-3: Marginal revenue for a monopolist
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Figure 14-4: Profit maximization for a monopolist
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Figure 14-5: Deadweight Loss of Monopoly

.‘!'C.."
-
Q 24
@
a.

MC

MR = MC =12 |<sses D= $60:++co - XE = $4;

MR

MR = MC
pr 24 ~%—'2@
4
/09(&06 compekion Conswir suplss A +HC
mﬁnopoh/ I ]
/D/D(’/(ef SJ/pL/) )D(:VFEL(‘ Cﬂ/npefim - er
o el o py g
CAE dlsappened

:W\‘fz&g/ﬁ [055

@ 417 people waat i, abac AL w
, T g < iy
proatly %p,ofm/ Stafe

T
0005001
Demand / j

el

© 2009 Pearson Addison-Wesley. All rights reserved.

24
Q, Units per day

11-5



wun 1ad ¢ ¢

Figure 14-6: Social welfare with perfect price

discrimination
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14.01 Fall 2010
Problem Set 6

Due in class on October 29

1. (10 points) In Pal Alto, California, citizens can get their electric power from two sources: a hydroelectric
generator and a coal-fired steam generator. The hydroelectric generator can supply up to 100 units of power
per day at a constant marginal cost of one cent per unit. The steam generator can supply any additional
power that is needed at a constant marginal cost of 10 cents per unit. When electricity costs 10 cents per
unit, residents of Pal Alto demand 200 units per day.

a) (5 points) Draw the marginal cost curve of electric power production in Pal Alto.

b) (5 points) How much should the city charge for electric power? Explain. Should it charge the same price
for a family whose power comes from the hydroelectric generator as it does for a family whose power comes

from the steam generator?

2.(20 points) In The Wealth of Nations, Adam Smith writes:

The high duties (tariffs) upon the importation of corn, which in times of moderate plenty amount to a pro-

hibition, give a like advantage to the growers of that commodity.

(a) (10 points) Explain why the italicized portion of the quote above is true by assuming were a small country
that imports corn. Specifically, how might a year of moderate plenty result in a given tariffs being prohibitive

of all imports? Use a graph to help prove your answer.

(b) (10 points) Could our small country become an exporter of corn in those times of moderate plenty? Why

or why not? Again, a graph will help here, too.

3. (35 points) (Suggestion: It may be helpful to read section 9.6 before doing this question.) Moldavia is
a small country that currently trades freely in the world barley market. Demand and supply for barley in
Moldavia is governed by the following schedules:

Demand: QP =4 - P P — —$/ bushel of barley

Supply: Q°* = P @ — — bushels of barley

The world price of barley is $1/ bushel.

a. (12 points) Calculate the free trade equilibriuin price and quantity of barley in Moldavia. How many
bushels do they import or export? On a well-labeled graph, depict this equilibrium situation and shade the

gains from trade relative to the autarkic (no trade) equilibrium in Moldavia.

b. (12 points) The Prime Minister of Moldavia, sympathetic as always, believes he can help those hurt by

free trade in barley relative to the situation in autarky. Ie taxes the party that has benefited from free trade



(either consumers or producers) an amount per bushel that is the difference between the autarkic price of
barley and the free trade price. Furthermore, he rebates the entire government revenue of the tax back to
the party harmed by free trade (again, either consumers or producers). In a new, well-labeled diagram, show

this post-tax equilibrium situation. Calculate and show:

*The new equilibrium price and quantity of barley in Moldavia

*Changes in the quantity of imports or exports

*The amount of revenue collected by the Prime Minister

Who pays the larger burden of this tax, consumers or producers in Moldavia? Why?

c. (11 points) Are the free trade losers better off or worse off after the rebate than they were under autarky?
Why?

On your diagram from (b), SHADE the DWL (if any) of this tax rebate policy relative to the free trade

equilibrium you found in (a).

4. (35 points) A monopolist firm faces the following cost curve: C(Q) = Q? + 12, where @ is the output
produced. The demand for its product is given by P = 24 — Q.

(a) (15 points) Calculate the non-price discriminating Consumer Surplus, the Producer Surplus and the
Deadweight Loss associated to the monopoly.

(b) (15 points) How does charging the monopolist a specific tax of $8 per unit affect the monopoly optimum
and the welfare of consumers, the monopoly and society (where societys welfare, or surplus, includes the tax

revenue)?

(¢) (5 points) How does imposing a tax on profits (i.e. profit after tax= (1-t) * profit before tax) affect the

monopoly optimum and the welfare of consumers, the monopoly and society?
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14.01 Fall 2010
Problem Set 6

Due in class on October 29

1. In Pal Alto, California, citizens can get their electric power from two sources: a hydroelectric generator
and a coal-fired steam generator. The hydroelectric generator can supply up to 100 units of power per day
at a constant marginal cost of one cent per unit. The steam generator can supply any additional power that
is needed at a constant marginal cost of 10 cents per unit. When electricity costs 10 cents per unit, residents
of Pal Alto demand 200 units per day.

a) Draw the marginal cost curve of electric power production in Pal Alto.

Price (cents/unit)

o =-=-======
Marginal cost of power

T Units of power per day
100

b) How much should the city charge for electric power? Explain. Should it charge the same price for a family
whose power comes from the hydroelectric generator as it does for a family whose power comes from the

steam generator?

The city should charge 10 cents per unit since that is the marginal cost when residents use at least 100
units/day, which they will if the city charges 10 cents or less. It should charge 10 cents per unit to all users,
even those who are receiving their power from the hydroelectric facility, since if those users were to cut their
consumption, they would free up hydroelectric capacity, which could then be used to serve others who are

currently receiving their power from the more costly steam generator.



2 Smith was right! See first diagram below. High duties may result in very few
imports initially, such that any year of “moderate plenty” (a bumper crop for
instance) shifts the domestic supply curve out ( 8'), which may force domestic
prices (P**) below the prices of those imports with high duties ( Pw + tariff ).
Then, those duties would become prohibitive, keeping all imports out of the

country. S /
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How might our small country become an exporter in this case? Well, if that year
of "moderate plenty" resulted in enough of an increase in domestic supply that
P** dropped below the WORLD price Pw, our country would then export corn
rather than import it. Remember, P** in this case must drop below the world
price and not just below the world price plus the tariff. See diagram below.

Com on Siwash Yais diag ram B@u
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In free trade, Moldavia will import barley because the world price of $1 / bushel
is lower than the autarkic price of $2 / bushel. Free trade equilibrium price will
be $1 / bushel, and the free trade equilibrium quantity will be 3 bushels, of which
1 is produced at home and 2 are imported. See diagram below for shaded gains
from trade. We know that the rest of the world has a comparative advantage in
the production of barley, because their opportunity costs (as reflected in the $1 /
bushel world price) are lower than ours (as reflected in our $2 / bushel autarkic
price).

Markat for Barley In Moldavia

P [$/bushel]
S
Gains of Trade
Internatlonal
P'=1 Price
D
Qs=1 Qd=3 Q [bushels)

Imports

Those harmed by free trade (domestic barley producers) will receive the tax
rebate from revenues collected by the government from their $1 / bushel tax on
consumers of barley in Moldavia. Consumers win with free trade here, so the $1/
bushel tax on them (the difference between the free trade price of $1/bushel and
the autarkic price of $2/bushel) effectively shifts their demand curve down by
$1/bushel. The new equilibrium price in the barley market is still $1/bushel (the
world price and still the price to domestic producers of barley) but the market
equilibrium quantity falls from 3 bushels to 2 bushels. If you drive a $1/bushel
wedge between domestic demand and the total supply curve, you will shift the
entire burden of this tax onto consumers, because total supply is perfectly elastic
along the relevant portion of the curve here. Thus, the price to consumers after

4



tax will be $2/bushel (exactly the amount of the tax higher than under free trade),
and the government will collect $2 in revenue ($1/bushel tax * 2 bushels
consumed in equilibrium). Domestic production stays at 1 bushel, but imports are
reduced from 2 bushels to 1. See diagram below.

Market for Barley in Moldavia

P [$/bushel]

Pc=P*+T=2

Pp=P*=1

Qs=1 Qd=2 Q [bushels]
Imports

The free trade losers (domestic producers) are better off under the rebate system
than they were in autarky. Why? Well, their new producer surplus plus the
rebate exceeds their producer surplus in autarky by the area of a triangle
representing a very interesting non-distortion of this tax that is a distortion with a
tariff (which by proper comparison should be the prohibitive tariff of $1/bushel).
Relative to autarky (or effectively a prohibitive tariff of $1/bushel), then, the
triangle “saved” by socicty (and here gained by producers relative to their
situation in autarky) represents bushels of wheat that should be produced abroad
and are indeed produced there under our tax rebate scheme, Rather than produce
those extra units (here 1 bushel) at home, as you would with a tariff, you can give
them (producers) the same revenue with a rebate as they would have had
producing those units under autarky, while saving the higher costs of producing
those units at home relative to buying them from abroad. Wild! Paying them not
to produce another bushel of wheat.....Note that you still have DWL here, coming
from the distortion to consumption as a result of the tax. See diagram below for
that shaded DWL. Thus, taxing wheat consumption rather than taxing imported
wheat (a tariff) results in a lower DWL (and is thus more efficient).

()]



P [$/bushel]

Pc=P*+T=2 |~

Pp=P*=1

Market for Barley in Moldavia

DWL

International

~ Price
\\ \
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4. A monopolist firm faces the following cost curve: C(Q) = Q? -+ 12, where @Q is the output produced. The
demand for its product is given by P =24 — Q.

(a) Calculate the non-price discriminating Consumer Surplus, the Producer Surplus and the Deadweight Loss
associated to the monopoly.

MR = 24 — 2Q.

MR = MC, so 24 — 2@ = 2Q and then @ = 6. Now plug this ¢ in the demand curve to get P = $18.
profit = 18 % 6 — (36 + 12) = $60.

CS =1(6+6) = $18

PS = 36 + 36 = $72

DWL = 2%6/2 = $6

(The best way to figure out these values is to draw a graph. Try it!)

(b) How does charging the monopolist a specific tax of $8 per unit affect the monopoly optimum and the

welfare of consumers, the monopoly and society (where societys welfare, or surplus, includes the tax revenue)?

The tax here will affect the MC and then the quantity produced and the price charged. So, MC after tax =
MC before tax +$8. And then, MC after tax = 2Q + 8 = 24 — 2QQ =MR. Solving you will get Q = 4 and
P = $20. A graph will help you to see that the tax will reduce the CS and PS and will produce a tax revenue
to the government of $32 = $8 * 4. Finally, the DWL will increase as we move further from the competitive
equilibrium. Also, the consumer will pay only part of the tax. Notice that the new price is $20. And the
price before tax was $18. So, consumers only pay 2/8 of the tax. The monopolist pays the rest.

(c) How does imposing a tax on profits (i.e. profit after tax= (1-t) * profit before tax) affect the monopoly

optimum and the welfare of consumers, the monopoly and society?

A tax on profits does not change the quantity nor the price chosen by the monopolist since profit after tax =
(1 -t) * profit before tax = (1 - t)*(revenue - costs), where t is the tax rate on the profits. Well, this tax will
not change the quantity chosen by the monopolist and as a consequence will not change the price. We have
the same surplus and the same deadweight loss as in 2. The difference is that part of the producer surplus

now goes to the government in the form of taxes.
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Figure 15-1: Cost curves for a water utility
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Figure 15-3: Optimél price regulation
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Lodue 6

Figure 16-1: Profit-maximizing output under monopoly
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Figure 16-2: Profit-maximizing output under duopoly

.[VUW (/n#% enters q/()
Go Antlans resdul  demand @, 2 D-q4

5
JY‘% 8y

e = e Solve Problem (slng ool {0ma s

(E) Duopoly Fﬁ: é39 04
%.% 339 P=27 ~4a o
8 MRS 275~ ST
= s a6y
= \\ ” P2
?‘“\ N MC

L AWR \\D D

0

[
64 128 137.5 275 339

d,, Thousand American Airlines
passengers per quarter



Figure 16-3: American and United’s best response curves
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14.01 Fall 2009
Problem Set 8
Due: November 13th

1. Please write your Kerberos ID, your name, and your section /recitation (e.g. MWF 1lam, or F 1pm)
on top of your solutions.

9. Problem sets are due IN SECTION/RECITATION. Incomplete problem sets will be accepted; late
problem sets will not. Maximize utility accordingly.

Questions:

1. (15 points) For each of the following statements, please indicate whether they are TRUE, FALSE, or
UNCERTAIN. No credit will be given without an explanation as to why your claim is true.

(a) (5 points) Supposc there are two groups of consumers, group A has the less clastic demand and
group B has the more clastic demand. Consumers in group A is most likely to be better off under
a price-discriminating monopoly than under a non-discriminating monopoly?
False, Price increases (decreases) for consumers with a more inelastic (elastic) demand.

(b) (5 points) A monopolist maximizing profit will produce up to the point where M C = P if the
market demand is perfectly elastic.
True, The pricing is given by MC = P (1 + s_l,;) . A perfectly elastic demand is translated by
MC =P.

(c) (5 points) A monopolist will never produce in an inelastic (between -1 and zero) part of the
demand curve.
True, If producing at the inelastic portion of the deman curve, the monopoly could lower the
quantity produced and raise the price to achieve more total revenue.

2. (40 points) Assumc a monop'glist: faces a market demand curve

D(p) = 50 — 20p
and has the short-run total cost function
Clg)=1+2q

(a) (8 points) What is the profit-maximizing level of output?
The profit-mazimizing level of output is defined as follows

mgX{P -g—(1+29)}

or MR = MC, where TR=p-q= 502—(; 4. q and so MR = ﬂ;ﬂlﬁ_ Hence, the level of output s

qﬂ'l- — 5-

(b) (8 points) What are profits of the monopolist?
The profit is defined as

4
T o= —45-—(1-1—2-5)

:
1

where p™ =

| ©



(c) (8 points) Graph the marginal revenue, marginal cost, and demand curves, and show the area
that represents deadweight loss on the graph.

p/\

Deadweight lass

=

Qfi‘l\r‘l QCM O.

(d) (8 points) What would price and output be if the firm priced at socially. efficient (competitive)
levels?

MC = p where MC = 2. Hence, p° =2<p™ = Z g® =10.

(e) (8 points) What is the magnitude of the deadweight loss caused by monopoly pricing?
The Deadweight loss is given by:

- i

DW = (p"-p)*(@—q7)*3
1 1 5
= ghe¥5=3

3. (45 points) Suppose the owner of a theater can identify between two types of consumers, the Student
and the Non Student, by asking student their school ID. The non students and students have the
following (inverse) demand functions, respectively:

Py (t) =200 —tn
Ps (t) = 180 — tg

where ¢ is the number of theater tickets. Suppose that the cost of providing a seat at the theater is
given by the following function:
c(ty,ts) = 2(ty + t3)2

(a) (10 points) Find the prices the owner would charge each group and quantities the two groups of
consumers are going to buy.

Since the owner of the theater can price discriminate, he is the following problem:
ma-x{ps'ts +pntn — 2(tn +ts)%}

(/&o—g} b+ ook, - Ayt
200 24, - Hlhy ) =0 200 -6ty +T4=0

2 {00 ";'}'s_



(b)

()

(d)

where p; for i = N,T for i defined as above. The equilibrium quantities must satisfy

_ 100 — 2tg
=TT

and
" _90—2tN
8="8

Hence, we have:

ts =14 and ty = 24
Furthermore, the equilibrium prices are just pg = 166 and py = 176.
(5 points) Compute the owner’s profit.
The monopolist profit is given by

7= 176 * 24 + 166 * 14 — 2(14 + 24) = 3660

(10 points) Now suppose that the owner cannot price discriminate and can only charge one price.
Find the quantity consumed by each group, the price the owner charges as well as the owner’s

profit.

-t
= fort > 20 and p =

Since the owner can’t price discriminate, the total demand is p =
200 —t for t < 20. So,
m?.x{t -p— 2%},
The equilibrium quantity is t* = 38 and p* = 171. At this price student will buy less than before
and the non student will buy more than before.
665
4

=9

tg = 180 —

tN:QOD—-Ej—5=29

(10 points) Is the owner better off with or without the price discrimination. What about the two
groups of consumers.
The ouwner is better off with the price discrimination. His profit from non-discrimination is:

x =38-171 — 2(38)% = 3610

which is less then his profit from price discrimination. The non students are better off and the
students are worse off when the owner cannot price discriminate.

(5 points) Now supposc the students have the following demand.
Ps (t) =160 — ts

Derive the new price without discrimination. How many tickets do students buy? What about
the non students.

Nouw, the total demand faced by the monopolist is given by: p = ng—_" fort > 40 and p=200—1
for t < 40. Now, it becomes optimal for the owner to ezclude students end sell only to non-
students, i.e. he would set t* = 1g_0 and p* = 5—30 Students buy zero tickets at that price.



(f) (5 points) Compare the number of tickets bought by the students under no price discrimination
to the number of tickets bought by the them under price discrimination. When are students
better off?

Under the discrimination, the price is given by:
ty = 28

and
tg =8

Under the non-discriminatory price, the group of students is not consuming because the price is
too high and at this price they are not willing to buy. On the other hand, the group of non student
is consuming a positive number. Price discrimination makes the students better off.
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14.01: Section 9 - Midterm 2 Review
November 3, 2010

1 Production and Costs (Chapters 6 and 7)

e Lecture 8: Production

I. Production Functions
- Q= f(L, K);
II. Short Run Production
— there is a fixed factor of production, usually capital (plant size is fixed in SR);
III. Long Run Production

— all factors are variable;

e Lecture 9 - Production & Costs

I. Productivity
II. Costs
- Fixed cost = cost on fixed factor;

— Variable cost = cost on variable factor;
— Total cost = Fixed cost + Variable Cost;

— Marginal cost = additional cost of producing one more unit, MC = %—q . If total
cost function is differentiable, then MC = %.

— Average cost = cost per unit of output;

II1. Long Run Cost Curves

— all factors variable, factor input demand is such that M RT'S = %, tangency between
isoquant and isocost curve determines optimal mix of inputs and minimum cost of pro-
duction;

— Marginal cost and Average cost defined in the same way;

— LRAC is the lower envelope of SRAC for different plant sizes, i.e. LR cost of production
lower than SR cost of production.

— LRAC=SRAC implies SRMC=LRMC.

— economies of scale and scope.

2 Competition (Chapter 8)

e Lecture 10 - Competition

I. Perfect Competition
— firms and consumers are price takes;
— symmetric information;
— no transaction costs;

U2



— free entry and exit in the long run;

II. Short Run Profit Maximization

— firm maximizes profits by producing output where MR = MC;

— competitive firm faces a perfectly elastic demand curve, MR = P. Hence, for a perfectly
competitive firm, P = MC}

— in short run firms use short run cost curves (SRMC, ATC, AVC) to make profit maxi-
mization and shut down decisions;

— firm shuts down if P < min AVC;

— derive individual firm short run supply curve using P = MC and @ = 0 (shut down) for
P < min AVC.

— SR market supply curve is horizontal sum of individual firm SR supply curves.

— industry profits can be positive or negative in SR.

e Lecture 11 - Competition II

I. Competition in the Long Run

— in LR free entry and exit drives economic profits to 0, i.e. P = MC = AC. Hence,
LR industry supply curve is perfectly elastic at P = min AC and each firm produces at
g = arg min AC;

— with barriers to entry, problem is as in the SR only firms use their LR cost curves; LR
individual supply curve with barriers to entry is LRMC curve above minimum of AC and
0 below.

— SR supply less elastic than LR supply with entry barriers, which is less elastic than LR
supply with free entry.

— Increasing input prices can lead to an upward sloping LR supply curve even with free
entry;

e Lecture 12 - Competition ITI

I. Do Firms Maximize Profits?

— agency problem when manager of firm does not own full stake in the firm;

— allign incentives by using stock options and other payment schemes - can lead to excessive
risk taking and short term behavior;

3 Welfare Economics (Chapter 9)

e Lecture 13 - Welfare Economics

I. Consumer Surplus

— demand curve represents marginal willingness to pay for good;

— area under demand curve and above the price is the value from consuming the good
in monetary terms - consumer surplus;



II. Producer Surplus

supply curve comes from marginal cost of production;
area above supply curve and below price is net benefit to producers - producer

surplus;

III. Competition Maximizes Welfare

— total welfare (CS+PS) maximized when demand=supply, i.e. at perferctly compet-

itive output level;

any other output level leads to a deadweight loss (gains from trade that are left
unexploited);

— government policies done for redistributive reasons or to raise tax revenues;

IV. Government policies

price controls (price ceiling);

price support/minimum wage (price floor);
import tariffs/quotas;

unit tax/subsidy;

4 Monopoly (Chapter 11)

e Lecture 14 - Monopoly I

1. Monopoly Profit Maximization

|

total revenue is TR = P(Q) - Q;
average revenue for a firm is given by demand curve, AR = P (Q);

marginal revenue is additional revenue from selling one more unit, M R = %T;QR or if

revenue function is differentiable, M R = d{QR

perfectly competitive firm faces a perfectly elastic demand curve, P(Q) P and
hence, MR = P = AR.

monopoly faces downward sloping demand curve and hence MR = P(Q) + Q- & dQ <
P(Q) since 55 dp <0.

monopolist has to decrease price on all units sold in order to sell one additional unit.
Not the case with a perfectly competitive firm, which cannot influence the price at
which it sells.

MR curve for monopolist is below AR curve (the demand curve).
MR=P(Q)+Q % = P(Q(1+ pigy55) = P- (1 + ). For |ep| <1, MR <0
and so a monopoly never produces at the inelastic part of the demand curve.

Profit maximization = MR = MC. Hence, P- (1 5) = MC or £23C = %:
mark-up, measure of monopoly power.

Shut down decision is like that of a competitive firm.

II. Welfare Effects of Monopoly

— Because MR < AR, monopolist would supply less than the socially optimal (welfare
maximizing) level of output, which leads to a deadweight loss;



e Lecture 15 - Monopoly II

I. Price Discrimination
— above analysis is for a uniform pricing monopoly - the monopolist sets the same price
for every unit sold or for every consumer type.

— monopolist can price discriminate - set different prices for different units, charge .
different uniform prices for different consumer groups, use two part tariffs, etc.

— perfect price discrimination/1st degree price discrimination - monopolist charges each
consumer their willingness to pay for the good, and hence extracts all the consumer
surplus. MR curve is now the AR curve, i.e. the demand curve. Set output where
new MR curve equals MC, i.e. where demand intersects MC.

— hence, a perfectly price discriminating monopolist produces the socially optimal
output level.

II. How do Monopolies Arise?

— cost advantages - natural monopoly, for any output produce at lower AC than any
other firm can (AC is declining);

— barriers to entry - fixed costs, patents;
III. Regulating T\/Ionopohes '

— Government regulation of monopoly, through a price ceiling can improve welfare.
Setting a price ceiling at the competitive price leads to zero DWL.

— Effect of a unit tax on the price of good - price of good can increase by less than 1
for 1 with the tax or by more - difference with perfectly competitive market.

IV. Contestable Markets

— threat of entry “disciplines” monopolist and they charge a price close to the perfectly
competitive price.

5 Other Market Structures (Chapter 13)
e Lecture 16 - Other Market Structures

I. Oligopoly
_ small number of firms that interact strategically (not price takers but have to take
into account other firms’ decisions when making their own decisions);
— duopoly - narket with two firms;
II. Game Theory

study of the outcome of strategic interactions;

player’s objective is to maximize payoffs given actions of others;

— non-cooperative games - players cannot enforce mutually beneficial strategies;

— strategies - possible actions that players choose from to maximized payoffs;

— dominant strategy - strategy that maximizes a player’s payoff no matter what the
other player does;

— Nash equilibrium - each player is doing the best it can (maximized payoff) given the

actions of its opponents;



III. Cournot Model of Noncooperative Equilibrium

— Cournot doupoly - two firms compete by setting output levels simultaneously. Each
firm treats the output of its competitor as fixed;

— Reaction curve - relationship between firm's profit maximizing output and output it
thinks its competitor will produce;

— Cournot equilibrium - Nash equilibrium of Cournot duopoly game. Output levels for
which reaction curves intersect.
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