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Problem 1

1. At the equilibrium, the quantity supplied is equal to the quantity demanded,
therefore we can obtain the equilibrium price and the quantity at the equilibrium

by equalling:

Qp = Qs
QD:78—4p
Rs=6+2p

78 —4dp =6+ 2p
px =12 and Q* = 30
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3. The price elasticity of demand is an economic measure of the change in the quan-
tity demanded of a product in relation to a percentage change in the price p. We

obtain it’s value through the formula:
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Introducing the values obtained:

e=(—4)*5 =-16

The fact that |¢| > 1 implies that a change of 1 percent in price causes a variation

of 1.6 percent in demand. Therefore it can be defined as elastic.

4. The supply curve is shifted to the left due to a drop in production of coffee beans.
From the figure below we can evaluate that the supply curve is shifted up and
the equilibrium point changes from FE; to FEs,, the price rises and the quantity

demanded decrease.

S Qs =3+2p

The new equilibrium is:

s=@p
3+2p=78—4p
px = 12.5

Qx = 3+2x(12.5) = 28
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6. The Total Expenditure is the product of price and quantity:
Total Expenditure; = 12 % 30 = 360

After the unexpected heat wave the:
Total Expenditures = 12.5 % 28 = 350

. The Total Expenditure is decreased and this answer is consistent with the elas-
ticity of demand because the negative (< —1) elasticity of demand states that to
an increase of 1 percent causes more than 1 percent decrease in demand. In other
words the percent change in price is more than offset by the percent change in

the quantity demanded.
. The government imposed a price ceiling at 12.25. At a price of 12.25:

Qp = 78 — 4(12.25) = 29
Q=3 +2(12.25) = 27.5

The quantity demanded is now more than the quantity that firms are willing to
supply.

. This policy intervention will result in a shortage, because there will be an excess
of demand over the quantity supplied. Quantitatively speaking there will be a
gap between demand and supply of

AQ =Qp — Qs =29—27.5=1.51b of coffee



Problem 2

1. At the equilibrium, the quantity supplied is equal to the quantity demanded,
therefore we can obtain the equilibrium price and the quantity at the equilibrium

by equalling:

®p = Qs
@p = 1000 — 50p
Qs =840+ 110p
1000 — 50p = 840 + 110p
px =1 and Q* = 950

2. The government of the U.S. it’s imposing a tax on sugar - sweetened drinks.
The taxes can be imposed both on consumers and producers, causing the shift of
demand functions or supply functions. Let’s suppose the government collects the
tax from suppliers (as we will see later, the equilibrium will be the same regardless

of whether the government collects the tax from customers or suppliers).
S’ Qs =110(p — 0.5) 4+ 840 = 785 + 110p

Let’s now calculate the new equilibrium conditions, where po is the price paid by

consumers:

Qs =0Qp
785 + 110p = 1000 — 50p
po=134~13

Q* =932.81 ~ 933

3. The graph that follow shows the market equilibrium without the imposition of

the tax, where FE is the point of equilibrium:
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The graph that follow shows the market equilibrium with the imposition of the

tax on suppliers, where Fs is the point of equilibrium:
Price Demand

Demand

Supply

E, = (932.81, 1.34)
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4. From the equilibrium situation we can evaluate that consumers are willing to pay
1.3 for a quantity of 933; while due to the taxation, the producers receive an

amount equal to:

1.3-0.5=0.8



5. To show that there is no difference between applying the tax on consumers or
suppliers we can suppose that the tax is imposed on buyers and see if the results
are the same. If the taxation is applied on consumers, they’ll have to pay the

following price:

p=((p+t)=1+05
D' : Q' =100 — 50(p + 0.5) = 975 — 50p

We can now evaluate the new equilibrium, where pg is the price received by firms:

Qs = Qp
840 + 110p = 975 — 50p
ps = 0.84 ~ 0.8

Q* = 932.81 ~ 933

The market equilibrium has the same conditions as the ones evaluated with tax-
ation applied on producers, therefore there is no difference if the tax is imposed

on buyers or on sellers.

6. The incidence of the "fat-tax” on consumers is (since Number 2 asked for rounded
prices, we also used in the following the rounded prices) :

lp—pc| _ [1-1.3] _
tax 0.5 _60%

The incidence of the "fat-tax” on producers is:

7. The results obtained in evaluating the inferences on consumers and producers
inform us that a larger proportion of the tax falls on buyers. This tells us that
the supply function is more elastic than the demand function of buyers.

We can double check our theory by evaluating the demand elasticity:

5Q/Q (933—950)/950 —17/950 0.05
Spc/p  (1,34—1)/1 0,34 ~—

And the supply elasticity:

6Q/Q (933-950)/950 —17/950 _ y 11
ops/p  (0,84—1)/1 -0,16
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8. The government earns an amount equal to:
0.5 % 933 = 466.5

The graphical representation of the amount earned by the government through

the imposition of this tax is the following polygon:
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Problem 3

1. When he reads a book x; in the evening, Sean Connery always sips two cups

of Rooibos tea, .

x1= book xo= 1 cup of tea — Perfect complements

U(zy,x2) = min(2xy, z2)

10

higher utility

2. Roger Federer does not like Ronzoni pasta, x1, but loves Barilla pasta, xs.

r1= Ronzoni pasta ro= Barilla pasta
Federer strictly prefers xo to x7 — 29 >

U(xy,x2) = 29 — 21



Xy

higher utility

3. When Tina Turner eats 1 slice of apple pie, x1, she always adds (and eats) 5

scoops of icecream, x5, on the top of the slice of the pie (golosonalll).

x1= 1 slice of apple pie To= 1 scoop of icecream — Perfect
complements

U(xy,x2) = min(bxy, x2)

25

higher utility

20

C I"
15 Z—

10

x1

4. For breakfast, J-Ax has toasted bread, x;, and jam, z5. Consuming more of

one good makes consuming the other good more enjoyable.



x1= toasted bread To= jam

U(Ih $2) = T1T2

higher utility

5. Scarlett Johansson neither likes nor dislikes pasta all’amatriciana,
x1, but she loves desserts, x».

r1= pasta all’amatriciana To= desserts

U(.Z’l, SL’Q) = T2

10



y higher utility

x1

6. It requires 400 milligrams of medicine x; to obtain the same pain relief one

gets with 200 milligrams of medicine xs.

x1= medicine(1) o= medicine(2) — Perfect substitutes
U(zy,x2) = 200x1 + 40025 = x1 + 29

1000

800

5”“ higher utility

400

200

x1
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Problem 4

Filippo has just started an internship. He decides to buy new elegant shirts, x;, and
professional ties, xo. The price of an elegant shirt is p; = $160 and the price of a tie is
po = $80. Suppose Filippo’s total budget for renewing his wardrobe, thus buying shirts

and ties, is I = $640. His utility function can be written as follows:

U(%l, 1'2) = \/T1T2

1. Define the marginal rate of substitution, M RS.
The marginal rate of substitution (MRS) is the rate at which a consumer
can give up some amount of one good in exchange for another good while
maintaining the same level of utility. It is defined as the slope at a particular

point on an indifference curve.

2. Calculate Filippo’s M RS.

_MUIl
MULEQ

MRS(QJl, 1'2) =

U _1
U = =G = —(5(mam1) 72 - G (22m1)) = —5 2=
ou
Ui =5 = 2ymm

x2

2\/T122 L2
MRS(SCl,Z'Q) - ——zl - —
2./r1T2 Z1

3. On a labeled graph, draw at least two indifference curves corresponding to

Filippo’s utility function.

12



4. Define what the budget constraint is.
BUDGET CONSTRAINT:the bundles of goods that can be bought if a
consumer’s entire budget is spent on those goods at given prices.
Consumers maximize their well-being subject to constraints; the budget con-
straint is the most important constraint that most of consumers face in de-

ciding what to consume.
p1q1 + p2g2 = Y — Budget line or Budget constraint
5. Write Filippo’s budget constraint.

160z, + 80z2 = 640

6. Show Filippo’s budget constraint on the graph.

13



budget line

4 L

. Find analytically the optimal consumption bundle z* = (z7, x3) for Filippo
if he decides to buy now shirts and ties. Is it an interior or corner solution?

Explain why.

| MRS |= 2 = 2

1

BC P1X1 + PaZo = Y

3 _ 9

x1

160z + 80z2 = 640

To = 2I1

2$1+$2:8

vz, 23) = (2,4)

This is an interior solution because Filippo prefers to consume a positive

14



8.

9.

10.

quantity of both goods in his optimal bundle. The utility function is a Cobb-
Douglas utility function, therefore it always have interior solution since, if

one good was 0, then the function would be equal 0.

Calculate Filippo’s utility level when he choses z*
U:\/xleZ\/Q‘ :\/522\/5

Show Filippo’s optimal choice on the graph.

10

y- %4 OPTIMAL BOUNDLE

9

Suppose that Filippo actually decided to wait buying shirts and ties. When
he finally decides to buy new shirts and ties, he gets very disappointed: the
price for an elegant tie is now 75% more than its original price!!! Find analyt-
ically Filippo’s new optimal choice, ™ = (z7*, 23*), rounding the quantities

to the nearest integer.
We find the new optimal bound z**(z}*, x3*) using the privious method and

15
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replacing p; with pj.

| MRS |= 1 =22

x1

BC :pizy +pra =Y

z2 _ 160
z; 140

160z, + 14024 = 640

T = %xl

8x1 + Taxy = 32
x] =2

x5y =2.29=2

(@ ) = (2,2)

11. Use the same graph to show how Filippo’s optimal choice is modified.

new optimal choice

12. Is Filippo changing the optimal bundle? What happens to the consumption

of shirts, 17 Why?

16



Filippo is changing the optimal bundle.
w*(x], 25) = (2,4) = 2™ (27" 257) = (2,2)

He is changing the optimal bundle because he could not afford the first bundle
anymore due to the increasing of ties’ price. In a Cobb-Douglas function the
good z1 will be unchanged because the demand of x; depends only on its own
price and the income. Therefore the consumption of shirt remains unchanged

since it is not affected by the change of price ps.

13. What happens to Filippo’s utility level? Explain why.
U* = \/T1T9 :\/122

The utility level decreases since Filippo gets the same quantity of good x; as

he did before but he gets less of good 5.

14. Suppose that on his birthday, Filippo receives a gift card to buy ties and
shirts. The value of the gift card is such that Filippo, by using it, reaches a
satisfaction (utility) level equal to the one he would have reached before the
increase in the price of ties (point 8). Define and find analytically Filippo’s

expenditure function.

Tog = 7231
8 = T1T9
T =26
x5 =3.0

Expenditure function: the relationship showing the minimal expenditure

necessary to achieve a specific utilty level for a given set of prices.

E = plai™ 4 poay™ = 160 - 2.6 + 80 - 3.0 = 836

17



15.

16.

What is the optimal bundle z*** = (z7**, 23**) chosen by Filippo now?
T = = (a5 = (2.6, 3.0)
Which is the value of the gift card he is provided with? [Hint: round numbers

to one decimal place. Don’t worry if the numbers of shirts and ties are not

integers here!]

Voe = E =Y =836 — 640 = 196

18



Problem 5

1. The MRS can be calculated with the following formula:

MUy _ 5% 05
MRS = -3 = ——F— = -3
2. The MRS shows the maximum quantity of good x5 an individual is willing to give
up in order to get one additional unit of good z; and remain equally happy. So,
Harry is willing to give up z7%° units of “Chocolate frogs”, x5, in order to get

one additional unit of ”Bertie Bott’s Every Flavor Beans”, x;.

3. In order to understand how the M RS varies, when good x; increases, we have to

differentiate the expression with respect to x1:

S — 0,505 < 0
Therefore, the MRS decreases when good x; increases. The reasoning behind the
movement is the following: Harry loves “Bertie Bott’s Every Flavor Beans” ,x¢, but
he also likes “Chocolate frogs”,zo. So, When he already has a lot of ”Bertie Bott’s
Every Flavor Beans”, x1, he is not willing to give up many units of “Chocolate
frogs”, o, in order to get one more ”Bertie Bott’s Every Flavor Bean”. When
he only has a few “Bertie Bott’s Every Flavor Beans”,xq, then he would give up
much more units of “Chocolate frogs”, xs, in order to get one more ”Bertie Bott’s

Every Flavor Bean”.

4. Since we have a quasilinear utility function, there may be an internal solution, but
also a corner solution. We first check for an interior solution using the tangency
condition and the budget constraint. If we find that these conditions imply that
Harry wants to buy positive quantities of both goods, we have found an interior

solution. Otherwise we have to determine a corner solution.

MRS = MRT
BC : I = piz1 + paxs

—0.5 _
—T T =D

I =pix; + 29

19
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We now see that =7 does not depend on Income . But, z3 does depend on I. We
also recognize that z3 will only be positive when I > p%' So, these are the only
cases, when we have an interior solution. If I < pil, we have a corner solution. In
this cases, how do we know, which good Harry will buy? To answer this question
we have to compare the amount of extra utility Harry gets from ”Bertie Bott’s
Every Flavor Beans” per dollar spent on ”Bertie Bott’s Every Flavor Beans”,

% and the extra utility he gets from “Chocolate frogs” per dollar spent on

MU, MU, 527 0P MU, .
=2 If pl”” = x;I > 5= p—;Q he will only consume good

“Chocolate frogs”,

—0.5
51

x1 and vice versa. If = 5 he is indifferent between spending all his income

on good z; or good x5. Let’s summarize:

* — L =71 ; 1
e D zf[>p1
5
x’{:pil, xi =0 if I<L and 22— >5
* _ x T ; 1 by Yo n’t consume 0
i =0, 5=+ if I <= and —+— <5 Youcantconsume
1 2T - p 1 =

X1 because p>0

5. The first figure shows an interior solution:

L)

20


Elia Torre
You can’t consume 0 X1 because p>0�


The second figure shows an corner solution, where only good x; is consumed:

BC

X4

The third figure shows an corner solution, where only good x5 is consumed:

BC

Xy

21



Problem 6

1. Plastic shopping bags x; and biodegradable shopping bags x5 are perfect substi-
tutes. Therefore: U(xy1,x2) = ix; + jxs. In our case, we have to consider that
the slope of the indifference curve is not -1. The reason is, that by using one
plastic bag, Lucille only gets }1 of the satisfaction she gets from consuming one

biodegradable shopping bag. This leads to the following utility function:
U(xy, 2) = 171 + 3

By calculating the MRS, we can double check, whether this utility function is
correct. The MRS shows the maximum amount of good z, Lucille is willing to
give up in order to get one additional unit of good x; and remain equally happy.
Since Lucille gets from using plastic bags, z; only % of the satisfaction she gets
from consuming biodegradable shopping bags, x5, Lucille will only be willing to
give up i of good x5 in order to get one additional unit of good x;. Therefore,
the MRS must be i. So, let’s check whether we will get the correct result for the

MRS:
MRS = —
MRS = —1

2. As already mentioned above, the M RS is —}1. Therefore the slope of the indif-

1

7 and we get the following indifference curves:

ference curves has to be —

22



3. Lucille’s budget constraint is:

Y =piz1 + pazo
10 = OlIl + 05]}2

4. If we rearrange the budget constraint a little bit, we get:

r,=Y _m
2 p2 b2
T9 = 20 — 0.2z,

X4

5. First, we have the check, whether there is an interior solution or not. For an
interior solution, the M RS must be equal to the M RT'.

MRS = —%
MRT = —1
3

Therefore, we know that we have to find a corner solution. In other words,
Lucille will maximise her utility, if she only consumes one good. But which one?
To answer this question we have to compare the amount of extra utility she gets
from plastic bags per dollar spent on plastic bags and the extra utility she gets
from biodegradable shopping bags per dollar spent on biodegradable shopping
bags. Formally:

23
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40

35

30

P1 1
MUz2 _ L —
D2 0.5
MUz > MUgo
p1 P2

Therefore, Lucille should spend all her income on plastic bags. With a budget of

10 Dollars, she can afford 100 plastic bags:

Y = pix1 + paxo
10 =0.1x; + 0.5%0

r1 = 100

The optimal bundle is z* = (10027, 0z3).

6. This optimal bundle can also be shown in our figure:

X2

X4

5 10 15 20 25 30 35 40 45 50 55

7. First, we have to check whether we have an interior solution:

MRS = —
MRT = —
L

24

1
4
1
2

60

65

) 4
95 100 105

" = (100z7, 023)



100

90

80

70

60

50

40

30

20

8. Now, we have a new budget line. The new optimal bundle is "

)

(7
\

Again, we will have a corner solution. Lucille should only consume one good.

Let’s find out which one:

MUz1 25
P1 0.1 2.5
MUwZ L —
P2 0.2
MUz < MUgo
p1 P2

Now, the extra utility Lucille gets from plastic bags per dollar spent on plastic

bags is less than the extra utility she gets from biodegradable shopping bags

per dollar spent on biodegradable shopping bags. Therefore she should only buy

biodegradable shopping bags. Let’s find the new optimal choice:

Y = pi1x1 + paxo
10=0.1%04 0.2 * x5
33'2:50

Therefore, The optimal bundle is z** = (0z7*, 50z5*).

a* = (10027, 0x})

= (0277, 50237).

X4

10 20 30 40 50 60 70 80 90 100 110 120 130 140
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Problem 7

1. In our case the goods are perfect complements, the general form of utility function

for perfect complements is:
U(zy,x2) = min(ixy, jza)

The two perfect complements taken in consideration in this problem are headlamp
and first-aid kit:

x1 - headlamp
o - first-aid kit

Ulxy,x9) = min(zy,222)

2. The following picture shows the indifference curves (11, I, I3).

25

20

3. Y = P1T1+Ppaxe — 521+10x9=200

4. The budget constraint shows the quantity of z; and x5 Selim can buy at the given

prices (p; = 5 and po = 10) and with a fixed income (Y = 200).

Budget constraint
Horizontal intercept : x; = 40
Vertical intercept : xo = 20

5 1

Slope : “10 = -3
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5. The following graph only shows the budget constraint.

slope =-1/2

20
~3 :
G \ E F

Il

6. The slope of the B.C shows how many units of good x5 must be forgone to buy
an additional unit of z;. This, combined with the finite Y, is why the slope is

negative.

7. We know that the optimal bundle lies on the Vertex Line: x5 = 0.521. Therefore,
we can calculate the optimal bundle by solving the following maximization prob-

lem:

Ty = 051’1

P11 + pay = 1

Ty = 05$1

5%1 + 5ZE1 =200

Therefore, the optimal bundle is:
= (a7, x3) = (20,10)

27
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Problem 8

1. First, let’s calculate the MRS of the two utility functions:

MUz, 022798293 o,
MRSu - MUy, - 04312—0733(1),2 - 3z
1
_ MU, QH 29
MRS, = — 3 = —5%+ = -1

These calculations show that MRS, = MRS, and therefore, we can conclude

that v and v have the same indifference curves.

2. It must be mentioned that preference rankings are ordinal and not cardinal.
Therefore, many utility functions can correspond to a particular preference map.
So, we can transform a utility function into an unlimited number of other utility
functions that are consistent with the ordering of the individual. In our example,

v(x1,x9) is just a transformation of u(zq, zs):

In(u(zy, ) = In(z%2 2%3) = Inzd? + Inxd? = 0.2lnz; + 0.3Inwy =

2In(z1) + 3in(x2) = v(xy1, x2)

Since v(xy, xq) is just a transformation of u(zy,x2), it is still consistent with his

initial ordering and we can say, that u and v have the same indifference curves.
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Problem 9

1. The Budget Constraint of Modena residents’ is:

I'=x1%p1 + 22 % po

I _p

Ty = =
27 P

piz is the point of intersection of the budget line and the y—axis.—g—; represents the
slope of the budget line. When we set x5 = 0 we will find the point of intersection
of the budget line and the x-axis, which is z; = pil. These findings are represented

in the Figure below.

X5

_h
P2

budget line

2. Since the utility function is a Cobb-Douglas Function, the total utility would
be 0 if the individual would only consume one good. Therefore we know that
we must find an interior solution. In this case, the optimal bundle must on the
budget line and be on an indifference curve that does not cross it. That means,
that the optimum bundle lies on the highest indifference curve that touches the

budget line. In the point, where the two lines touch, the budget constraint and

30



the indifference curve have the same slope, so that M RS = M RT'. The following
Figure shows this optimal bundle FEj.

X5

P
P2

Slope =

— ¢
P2

IC,

budget line
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3. Due to the subsidy, py decreases and the residents can afford more tickets for
philosophy events with the same income. Therefore the new budget line intercepts
the y-axis at point Zﬁ.The new budget line intercepts the x-axis at the same

point Z—Il like the old budget line since the price for x; did not change. The slope

of the new budget line is —ppl Since py — s < p, we know that |I%| > |1;—;|.

2—5"

This means, that the slope of the new budget line is steeper.

Xo

1Cy

4. By moving from IC to IC5, the residents can increase their utility and the new

optimal bundle is in point FEs.
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X

2

10y

¢,

X4

5. Since the utility function is a Cobb-Douglas Function, the quantity of concert
tickets does not change (a change of p, does not affect ;). Therefore ] = 5"
So, only the quantity of tickets for philosophy events rise to the point 23*. In other
words: The residents buy the same amount of concert tickets but more tickets for

philosophy events.
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6. With the new proposal of the other city council, the residents will always have
at least 23 — x5 = n philosophy tickets - even if they spend all their income on

concert tickets. This leads to a kink in the new budget line.

X,

X4

7. Since the prices are unchanged, the new budget line will have the same slope
as the original budget line. This is also the reason, why the new budget line is

parallel to the original budget line.

8. The new budget line will lead to a new optimal bundle. The following figure will
show, that ™ is greater than zj* = 2. The reason is, that the residents get
n tickets for philosophy events for free. The Cobb-Douglas utility function tells
us, that the residents like to consume both goods together. Therefore they will
use the extra resources they get from the government not only for philosophy
tickets, but also for concert tickets. This behaviour is also the reason why x3**
will be less than z3*. They will never use the extra resources to only increase the
consumption of one good. The following figure shows the new optimal bundle
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9.

10.

11.

X

p2—s

I
—+n
P2

¥~

n

X4

As already mentioned before, the residents will use the extra resources for con-

suming more of both goods. Therefore z7** > x7 and 22" > z7.

The discussion above and also the figures showed, that the first policy should be
implemented to maximize the residence’ attendance to philosophy events. There,
the price of the tickets for philosophy events is reduced and so the residents
can’t reallocate the extra resources like they would do, if the second policy was

implemented. The figure under point 6 shows clearly, that x3* > x3** > a3.

By the residents, the second policy is preferred. The reason is, that the optimal

bundle lies on the highest indifference curve 1C5.
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