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Schmidt

Exercise 1

(a) Yes since

Aw A w
Tk )‘pa )\'LU) = c = 3y oo
( Doem1 APe AT De
= —— = a(p,w)
- — L\
22:1 Pe
(b) Yes since
w L
TPk = Pr = Dk
Z Z Zz TS 2
_ Zk 1 Pk _
Ze 1 Pe

(c) Yes since WA says that

/

px (p,w) <w=p x(p,w) >w

In our case:

/Ze 1Pl Ze L D.
Ze 1pl ) Ze 1 De

0 an

From (I) and z(p, w) # x (p',w’) implies (II). Thus, WA is satisfied!
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Oz (p, dz1(p,
Slk(p: w) = xg(;)k w) + Izgz) w)
w w

() (o)

Since all entries are zero it is symmetric and negative semidefinite.

(P, w)

Exercise 2

(a) This is immediate. Since preferences are represented by f(z) = g(h(z)),

they are also represented by h(x) as utility is only ordinal.
x>y <= f(x) > f(y) Dby utility function
f(z) > f(y) <= h(x) > h(y) by monotonic transformation

(b) e(p,u) is the answer to

min pz s.t. u(x) =u
x

(1) Let u(x) = 1, and z* the solution:

minpzx s.t. u(zr) =1

— " = argmin(px)

—u(x*) =1



Gottardi
Exercise 1

(a) Agent h:

max In (93}11) + k" In (;Eg)

s.t. pa:? + :16’21 = pwi‘ + wg

First order conditions:

1
P
kTL
A=
48
= :15}2Z = k;hpx’f (1)

Plug (1) into BC for A:

13
prt + 3pad = pl3 = 24 = T

Plug (1) into BC for B:
B B 3 _ T
pxy +pry = 14 < 1] :5

Market clearing:




3.13 39 39 7
ey 4-7 28
P="39 39
2813 7-13
A A
2 170351 T 13
xd =7
Competitive Equilibrium:
13
(xl 7'7:124) = (Z77>
39
(35]1379523) = (177)
28
P= 739

(b) Yes.

Also: markets are complete, there’s free disposal, and LNS is satisfied.

(c) Yes.



As preferences are convex, we can decentralize:

A A
T4 = — —
Ty — wi 8 8
[ B —wP 9 9
TB _ 1 1 _ o
o —wh 6—14 -8

At equilibrium, relative price must be equal to MRS. Thus p = %

Exercise 2

(a) att=0: 101 + 202 =0
att=0:s=1: x1:w1+361+92:10+301+02

att=0:5=2: x2:w2—|—91+392:4+91+392

(b) We solve the consumer problem:

1
max o [In (x1) + In (x2)] s.t. BCs from (a)

substitute (x1,x2) from the BC in (a):

m@ax% (10 (10 + 301 + 02) + In (4 + 6, + 30)]

s.t. q191 + q282 =0

First order conditions for (6,62, A):



1[ ; + ! ]—)\q =0
2110+30, + 0, 4+ 06, + 30, !

1

2

L + 5 AR =0
10+ 30, + 6, ' 4+ 6, + 306, 2=

q16h + 26 =0

Let g1 = ¢ =0 — 6, = —05 then

3 1 1 3
10430, +0, 440,430, 10436, +0, 4106, +36,
3[4+ 601 +30) +1[10 4301 + 6] = 1[4+ 01 + 305] + 3[10 + 30, + 65]

2[4 — 20,] = 2[10 + 264

—6 :491
3
91 — —5

As 01 # 0, this is not a C'E. There is only one consumer and if ; # 0,

then there is excess supply or demand!

(¢) The consumer is poorer in state 2. Thus, he wants to insure against it as
he is risk-averse by the concavity of utility. This drives up the price of

asset 2 compared to asset 1. Thus ¢ > ¢;.
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Exercise 1

(a) To violate WA, both bundles must be affordable under both price-wealth-

situations:

540 < 360 + 24
30(12 + ) < 600

75 <z
<~

r <8

WA is violated when x € [7.5, §]

(b) Bundle 2 must be affordable in period 1: x < 8. Thus, the consumer
prefers bundle 1 to 2 when z € [0,7.5).

(c) I think he means good 2.
As price decreased, we must have a decrease in consumption to satisfy
Oz
ape > V-

Thus: z < 10

In order to not violate WA, we are left with x € [0,7.5) U (8, 10).

Exercise 2

(a) Let f(-) be a monotonic transformation and apply Roy’s identity to

fu(p, w)) -



of (v(pw)) Of(w(pw))  dv(pw) 9v(p,w)

= ___ Ope ___ov(pw) e Ope
TPy ) = = Ffagan = T afman o o - LP )
ow ov(p,w) Ow Oow

Even by implementing f(-) we find the same x,(p, w).

(b) (1) Invert v(p,w) to find e(p, u) :

e(p,u) =u <%>a <1Jfa>la

(2) Apply Shepherd’s Lemma:

11—«
hi(p,u) = —86 (p1) =ua ( p2a) apy!

(c)

case I: a=a | —
D2

Uy ()‘pa U) =u

case 2: o = «a (py)

a (Ap1) Ap?]l_a(kpl):u{ a(Ap1) p2

uy (A\p,u) =u | ———————— _ ==
1( pru) |:1_a<)\p1))\pl 1—040\]91)271

Exercise 3

As the returns to scale are constant, we must apply cost-minimization.

:| 1—a(Ap1)

# hi (p1u)



minwz s.t. f(x) =1

We differentiate with respect to x, to find FOC:

———=x, =0 use Euler’s formula
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Exercise 1

(a) Consumer A:

A
x
Y2 st prit + zf = ph = m%X5 — ?? +2 (932*4)1/2

max z{' + 2 (:v‘;)
z4 x4

First Order Condition:

1 _
@) =0

Consumer B:

oo if p<?2

0 it p>2

oo if p>2

0 if p<?2

Market Clearing:

A B 2 B
’LU1:5:SB1 —|—ZE1 :p +ZL‘1

wy=6=uxf +a¥=5—p+al
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p = 2 must hold. Otherwise excess demand would not be zero, and

markets can’t clear.

Edgeworth Box:

A 3

Figure 1: The vertical bar is not part of the figure. The figure was drawn on an iPad and
the export created the line. Ignore it.

(b)

Agent A cannot influence zZ. Thus, her FOC does not change: her
behaviour is the same. The behavior of agent B does not change as
well. Thus, the CE remains the same. But this CE does not need to be
PE anymore, reason being that X is on externality for A. Incomplete

markets lead to inefficient CE allocations.

type C: Under autarky there’s no trade as consumers are identical. Free
trade can only lead to a utility increase (or it stays the same) by volun-

tarity of trade.

type C: If the greater total endowment of good 2 in the economy increases
p. then A profits as a seller of good 1 . If price remains at p = 2, there is

no impact.

type B: If p > 2, B will not sell anything of good 2, and try to buy more
of it (which she cannot). she can’t). Then (uB)jFT =6 = (uB)aUt. it

p =2, also (uB)jFT =6= (uB)aUt.

11



Exercise 2

Convexity is not needed, but LNS is. Convexity is only needed for the
SWT. If LNS is violated, we can immediately construct a counterexample
with L = H = 2:

Although CE exists, we could move south-west to increase B’s utility

without hurting A.

B

A

Figure 2: The vertical bar is not part of the figure. The figure was drawn on an iPad and
the export created the line. Ignore it.

Exercise 3

(a)

w' = (3,2) w?=(2,6)

12



PE: equalize MRS across consumers.

Thus:

8 5
2@ T
o) = 201

(b) consumer h:

max (1) In (z"(1)) + 7(2) In (z"(2))

zh

st p(1) (2"(1) — w"(1)) + p(2) (2"(2) —w"(2)) =0

The FOCs are

13



(1)

1) p(1) =0
7;((22)) () =0
p(1) (1) 2h(2)
= 0@ @0 )

Equation (I) describes the relationship of prices and state proba-

bilities. With identical beliefs, we have zi—g; = zz_%? ie. PE and
thus

p(l) _=(1)8
p(2)  7(2)5
Therefore, in our case we find that % > ”(1 because total endow-

ment in state 1 is higher than in state 2. If there was greater total

endowment in state 1, the inequality sign would switch to <.

14
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Exercise 1

(a) As all bundles are different, we need to check for affordability of each
bundle under each price-wealth-situation. As we see in the table, whenever
ptx (pf', w') < w' we have p x (p,wt) > w', and WA holds.

Situation | Bundle | Expenditure | Compare | Conclusion
at (p°, w’) z! plal =96 > w? 2! not aff.
x? pPz? = 80 < w 22 is aff.
at (p',w') " plz® = 33 < w! r!is aff.
x? plz? =39 > w! 2?2 not aff.
at (p*, w?) z° p?a® =52 > w? 2! not aff.
x? pla? =48 < w? 22 is aff.

(b) Whenever multiple bundles are affordable under are price-wealth-situation,

we can make observations about revealed preference:

o at (p°,w?) : 2¥ = 22
e at (p',w') :zt = 20
By transitivity we must have 2! = 2. But:

e at (p?,w?) : 2% = !
We have found a violation of transitivity.

Exercise 2

(a) Apply Roy’s identity:

Ov(pw) w
xl(pw>:_aa(pl):_lz?ll :2 1
’ S S b1
Waiw p1+p2 p11+P2

15



(b) (1) Invert v(p, w) to find w. At optimum we have v(p, w) = u; w = e(p, u):

1 1 17!
w=0vp,W) 77— =0V(P,W — 4+ —
( )—1+1 ( >{p1 PJ

p1 " p2

bl
—e(pu)=u|—+—
b1 P2

(2) Apply Shephard’s Lemma:

o) = 2 ) | ] 0

-2
=u ll%—&}
P2

(c) Yes.

Aw 1 w 1

1 (Ap, \w) = — = —
! ) A1+ pl+ B

=21 (p, w)

(d) Let f(-) be a monotonic transformation. Then by Roy’s identity:

of (v(p,w))
Ti(p,w) = ~ S totom f(ff;”w)) apply chain-rule
ow
ag(v((paug)) . 8”5177“1) Ov(p,w)
— vip,w Dl _ 8pl o
= T hw) Gpa) — By — 2P W)
Ov(p,w) dw ow

Exercise 3

(a) IE:

16



ONLY IF:

= exp(—cx) exp(cz)

u'(y)dy = / ' exp(—cy)dt exp(cz)u’(z)

u(w) — u(z) =~ (exp(~er) — exp(—cx)) explez)u (2)

u(r) = u(x) ~ ~ (exp(~cx) — exp(—ez)) explea)u ()

By choosing «, 3, ¢ correctly, we can get:

u(xr) = a — fexp(—cr)

max EU(w — a + az) = max/ —exp(—c(w —a+az))dF(z)

17



Obtain the FOC:

OEU(+)
da

= /— exp(—c(w — a+ az))(—c)(z — 1)dF(z) =0
c/exp(—cw) exp(ca) exp(—caz)(z — 1)dF(z) =0

S-exp(—cw) exp(cal/exp(—caz)(z —1)dF(2)=0
#0

/exp(— caz)(z —1)dF(z) =0

The last line implicitly defines the optimal a and it is independent of w.

18
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Exercise 1

(a) Maximum production / consumption: 2 -8 = 16 Maximum leisure : 8

The blue triangle (incl. border) is feasible. The border is the set of PE

allocations, described by

c=16 —2e

(b) Consumer Problem:

maxc + /2

st.pc=wl8—1I]+7

FOCs:

19



Firm Problem:

mLaXpZL —wl & max L(2p —w)

oo ifp/w>1/2
L=4q Rt ifp/w=1/2
0 if p/w <1/2

Market Clearing:

c=y=2L
[=8-1L

— c=2(8-1)

Since any price other than 1/2 would lead to excess demand of one good

or the other, set

P 1 127
e T S
16

20



Competitive Equilibrium:

e

(c) This shifts the equilibrium along the PE allocations to more leisure and
less consumption. Nothing changes for the firm. Thus: £ = % as before.

For the consumer we now have [ = (5)2 = i = 0.25. Thus:

L=8——="17.75

| =

c=y=2L=15.5

Output decreases as the consumer wants to work less which decreases

the input L decreasing output.

Exercise 2

We need:

e Convexity of preferences

21



e Continuity of aggregate demand

e as p; — 0 we have that z; > 0 and

as p; — oo we have that z; < 0

Suppose continuity is violated. As we see z; = 0 does not occur. Without

market clearing, there is no CE.

Q‘ZQ'

Figure 3: Ignore the horizontal line. It was created by accident when exporting the drawing
from the iPad.

Exercise 3

wh = (2,2)
(a)

at t = 0 :q10" + 0% =0
at t=1:2"(1)=2+0"
a"(2) =2+ 08

Combine into one BC:

22



¢ [2"(1) = 2] + ¢ [2"(2) — 2] =

Consumer h:

o (2(1) + (1= #') In (+/(2)

zh(s)

st. q [:L"h(l) — 2] +q {xh@) - 2] =

FOCs

1
h— h— pr—
Ty =0
1
h — . pr—
h
= Tae)=2

1 —nh 2
Plug into BC:

h q1 h
1 — 7h (2) q2+x()

z"(2) [1 ih + 1} —9 (1 + %)

a"(2) =2 (1 i 2) (1— ="

q2

8

Market Clearing;:

23



2(1+@>[1 41— =4 (1)
q2
71'1:7['24 1+ﬂ> (1_7]-):
a2
oo 1 -7
@ 11— 1—m

(1 + @) [xh(s) - 2] =0
— a"(s)=2 Vs,h

Competitive Equilibrium:

(z'(1),2'(2)) = (2,2

(22(1),2%(2)) = (2,2)
@7
a2 S l-7

There is no trade. Reason being that the consumers are perfectly identical.

There is no gain from exchanging anything.

(b) Everything up to (I) is identical. From there:

<1—|—2> (2—71'1—71'2):2
q2

ol 2 7wl 4+ 72
@ 2—7t—m? (1—7b)+ (1 —n?)

24



Therefore we find

—~
8
—
—~
=
8

'(2) =(1,3)
(2)) =(3,1)

—~
8
N
—~
N
8

Agent 1 increases (decreases) state 1 (2) consumption. Vice versa for
agent 2. lL.e. agent 1 buys asset 1 because she believes state 1 to be
more likely. Thus it is optimal for her to insure against being poor in
that state. Agent 2 does the opposite. Clearly there is trade through the

Arrow securities.

25
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Exercise 1

(a)

(0%
piw _ y1l4a—0

z1(OAp, w) = Ao L — x1(p, w
1( Y% ) p?_}_pg_{_pg 1(]9 )
Must have 1 +a—0=0ora=6 — 1
& A
a(Ap, w) = AFed P2l gPLz

p+pS+pd T ps A

No restriction on 3.

oa—o ’}/pgw 1+a—48
23(Ap, Mw) = N0 5 = A0 ()
]+ 5+ Pl

No restriction on 7.

In summary, we only need o = § — 1.
(b)

p1x1(+) + poxa(-) + pa3xs(-) = w  to satisfy Walras’ Law

w 1+ 1+a l+a P1P2
& S|y s Y = w
pS + 3 + 1§ g 2 5] D3
Must have § =0 :
P+ p%+ s =pit 4 py T+ ypite

26



Must have y =1 & a =46 — 1.

In summary:

a=0—1 =0 =1

Exercise 2

(a) Invert e(p,u) as in equilibrium: e(p,u) = w and also u = v(p, w)

+ 1 1

o) =Py [y

P1pP2 D1 P2

(b) Roy’s Identity
9v(-) 1
) = — g = = 2
T ovu()  pitp2

o P P1+p2pr
xo (Pw) = Py by symmetry

P1 + D2 P2

1 (p, w)

()

Exercise 2

(a) Invert e(p,u) as in equilibrium: e(p,u) = w and also u = v(p, w)

27



+ 1 1
v (p,w) S S {——i——}
P1pP2 P P2
(b) Roy’s Identity
ov() 1
oy (o) = 2 = gl = D2
— ov() T pitp2
T oipa pP1+ P21
w
x9 (prw) = P by symmetry

DP1 + P2 P2

(c) CES utility:

1 1 |- 1
U(33173?2) = {533’1) + 5:65] where p =1 — n_12 = 1/2

Exercise 3

The difference between consumer theory and production theory is mainly the
fact that firms do not have budget constraints. This problem introduces a
budget constraint. Therefore, we are going to treat the problem like a consumer
problem. In that sense, the revenue is comparable to the utility function, and
the cash constraint is like the wealth of a consumer. Consequently, we are
solving the following revenue maximization problem (which is the analogue to

a utility maximization problem):

mapr(Zh 22)
21,22

S.t. wyzy +weze < C

We will assume an interior solution (the budget constraint is binding).

Then, the revenue function R(p, wy, ws, C') that the exercise gives us is just the

28



equivalent to the indirect utility.

(a) As R(p,wy,ws,C) works like the indirect utility, we apply Roy’s identity

to find the factor demand, which is the analogue to the Walrasian demand:

(b) We treat R(p,w,C) as the indirect utility depending on income and
invert it to find the cost function C(p,w, R), which is the analogue to

the expenditure function in consumer theory:

R=ply+InC(p,w,R) — alnw; — (1 — a)Inw,]

R C(p,w, R)
— =y = —
p Wi Wy
(R ) C(p,w,R)
EXp\ =7 = o 1a
P W1 Wy

Cp,w, R) = wiwl® exp (g - 7)

(c) Since the cost function from (b) happens to be the analogue to the
expenditure function, we can apply Shephard’s Lemma in order to find
the factor demand for a given R at minimum cost, as this is the analogue
to the Hicksian demand in consumer theory. In that spirit, let us call

this function hq(p, w, R).

29



0C (w, R)

8w1
LG
=aexp |——7|-| —
p w1

(d) In consumer theory, the Hicksian demand and the Walrasian demand

hl(p7 w, R) =

meet at optimum. We can also show that here:

R=ply+InC—-alhw — (1 —a)lnw)

The last line is exactly the formula for the revenue that is observed by
our econometrician friend in the optimum. Therefore, we have shown
that the two demands are equal whenever the firm is acting optimally, i.e.
maximizing its revenue or minimizing its cost. Put differently, the revenue
maximization problem is the dual problem to the cost minimization

problem and vice versa.

30
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Exercise 1

(a) True. We need three things for FWT:

e LNS, which is satisfied by monotonicity
e Complete markets, satisfied by two prices for two commodities

e free disposal (given)

(b) False. Convexity is violated by B. Consider the following illustration:

Because B has non-convex preferences, x is not a CE. Actually no CE

exists.

(c) False by same argument as in (b).

Exercise 2

(a) PE allocations are along x{' = 4. If we are at any other point, just give

some to B because A only cares about lower amount.
(b) Let p=&

P2

31



A

Consumer A:

o =2 BC:prf + a8 =6p+2

Consumer B:

oo if p<1/3 o if p>1/3
zp =¢ RY if p=1/3 ; =4 Rt if p=1/3
0 if p>1/3 0 if p<1/3

BC:pr+x§:2p+6

Market Clearing:

32



A B A B
] +r] =wp +fwy =38
A B A B

A

use z{t =z — af = 2f. Therefore p = § so no excess demand for

either good.
By BC*:

Competitive Equilibrium:

(;1;1,

8
Ny b

3 ~— —
i1
— N

ot W
ot w
~~—

—~
8

Sy
8

1>

Wl

This is PE since z{' = z4.

(¢) Yes. The reason is that p = % is the only possible equilibrium price.
Otherwise markets cannot clear & we have excess demand for one of the

commodities.

Exercise 3

wh = (8,4); w?=(2,6)

(a) Note that we have (1) identical beliefs and (2) no aggregate risk as

w1 = Wy = 10.

33



Therefore, full risk sharing is possible and zf = z% Vh is PE. Le. the
45°-line:

e

PE

A

(b) Consumer h:

max mu (2}) + (1 — m)u” (z})
172

s.t. qlﬁf + qgﬁg =0
T = w? + Glf

u __ . h h
Ty = wy + 65

Plug in the 6s:

34



FOCs:

Perfect risk sharing implies: x

max  7u (ml

h

1=

—Aq =
— Az =
8uh(z?)
gl i ozh
Qo o 1 —»ﬂ'Buh(xg)
8xg

2%, and therefore we have




Competitive Equilibrium:

(z1,23) = (4447, 4+ 47)

(z3,23) = (6 — 47,6 — 4m)
i) T

Q2 1—m

36
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Exercise 1

(a) To violate WARP:
find w by Walras law

p/y /

w
"<w

NN

p
30(12 + ) < 600
10(30 + 24) < 360 + 24z

30z < 240
180 < 24x

WARP is violated for = € [7.5, 8].

(b) Bundle 2 must be affordable in period 1. Then we see that the consumer
chooses bundle 1 over bundle 2: x < 8 by (a)
To not violate WARP we find that if and only if « € [0,7.5), bundle 1 is

revealed preferred.

(¢) The quantity increased. To have an inferior good, % < 0. Thus, income

must have decreased:

37



360 + 24z

600 <
0<zx

&1

We find that good 1 is inferior for = > 10.

Exercise 2

Monotone transformation to us(+) :

3 a

Ty (21, T9) = 225"

(a) consumer 1: Invert e(+). In equilibrium e;(-) = wy and vy (p,wy) = uy :

w; = U1 (p7 w1) V' P1P2

wq

\/P1P2

= U (p7w1) =

Apply Roy’s identity:

A1 () _1 1_3/2L

B) 2 VP2

z%(plawﬁ:_afz):_ 1 :

0 \/P1D2
1?1)1
1 (p1,w1) §E
By symmetry of vy (p,w,) :

1w
l‘% <p17w1> — §p_21

consumer 2: As ty(+) is standard Cobb-Douglas, the result is immediate:

3 W9
a Wa
Qf% (pva) = 3+Clp_2

38



(b) Aggregate demand: x; = x] + x?

Goodl:xlz%[wl—i- }—> Tha

N =

3+a

Good 2: 29 = [ wy + 7 } — Tra

N[

3+a

In both cases: a = 3

Exercise 3
(a) R = —CYV as it is the amount that has to be given after implementing
the change.

The Leontief preferences imply that they must be able to afford the old
bundle & they will buy it.

By Leontief: x; =29 — w = (p1 + p2) 11
Before moving: 1000 = 2 - 21 < 21 = x5 = 500
After moving: 1000+ R =5-x; < R = 5x; — 1000

As discussed, must choose same bundle to have ug = u; = 500.

R = 2500 — 1000 = 1500

(b) Cobb-Daglas implies: x; =

lw
2p

Before moving:

T, = x9 = 500 — ug = 500

After moving:

L _ 1{1000 + R)
179 4
1
rs = (1000 + R)
1000 + R 1
ul_Tziuo_mo
o R = 1000

39



We plug R into demands: z; = 250; x5 = 1000.

The demand for x; decreased and it increased for x;. Reason being

that Cobb-Douglas (unlike Leontief) allows for substitution. Therefore,
demand followed the price change.

40
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Exercise 1

i d p1
1 = =,
paut a p D2

Only relative prices matter. Define p*'* =

Case 1: ( p=p™*)

Nothing changes. No welfare effects.

Case 2: ( p > p*t)

Assume A sells commodity 1. Then the price increase benefits her, as she
can sell at a higher price.

Assume A buys commodity 1. The effect depends on her ability to substitute,
which depends on her preferences. There three three options:

(i) She switches to selling commodity 1. The price change is beneficial.

(i) She can substitute without gaining from it in terms of utility.

(iii) She cannot substitute sufficiently and the price change hurts her.

The graphs illustrate the three cases. Green are equilibria. 1 is under

autarky & 2 after opening p. Blue are budget sets & pink are indifference

curves.

() ’ () ()

= 5 A-\b .N’>

Case 3: ( p < p™*)

Substitute A sells 1 and buys 1 in case 2. The argument is just the inverse.
For agent B the argument is always just the inverse in all cases.

We see that at least one agent is weakly better off.

Exercise 2

(a) Since A cares more about x; and B more about x5, the PE allocations

ce around the edges of the box (in blue).
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PE:{x’;:Oorxf:O}

N : L
¢ 5
>
A 6
(b) For PE, equate MRS across agents:
B
MRS? =2 £ MRS? = 2 & 28 = 2,5

Iy

For C'E consumers behave optimally & markets must clear. Let p = p;/p2

A: By linearity of preferences:

oo ifp<?2 oo ifp>2
i ={ RY ifp=2 a5 =4 Rt ifp=2
0 ifp>2 0 ifp<?2

rcriga;)g In (x?) +In (xg)

st. prf +ab =p? +2
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FOCs

1
— = =0
P
1
)
— mfzxf;p

Plug into BC':

+1
e R

Market Clearing:
For markets to clear we have p = 2. Otherwise A will have infinite

demand for one of the goods:

3
xy = 5; Ty =3
9
T :6—351:5; x‘24:6 x§:3
Competitive Equilibrium:
9
B B 3
('rl ,$2) = (573>
p=2

It is PE since z¥ = 3 = pzf = 23.

Exercise 3



ou” ()

1/2 ! 1/255
MRS* ="~ =1=MRS? = -2
RS 1/2 1S 1/22:20)
T2
Ou (-) _ 0u”()
8x1 - 8ZE2 IIB - xZB

PE in blue. Defined by

P if 2P <8

8 else

A t?

(b) Budget constraints:

att =0: qlﬁil—i-qﬁgz()

att=1: z! =wh+ 6"

h_ ok h
Ty = wy + 65

Plug the 6s into first BC:

¢ (x}f —w?) + qo (:1:3 —wg) =0

UMP:
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max  mu” (:L‘?) + Tou” (xg)
oy .y

s.t. q1 (x’f — w?) + 2 (xg — wg) =0

FOCs:
ou"(+)
ﬂ-la—gj]f — )\(]1 = O
oul(+)
7T2a—{L‘§L — )\QQ = O
¢ mout() [our()\ !
#&£_2 I
— q2 9 ax’f al'g ( )
Agent A:

By m = my & linearity:

Agent B:

Plug & =1 into (I) and also m = 75 :

auB(‘) o aUB(‘) B B

Plug (II) into BC of B using & =1:
xf:xQB:—wlB;wQB =3

Market Clearing:
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Al A B B _
) =wy, +wy —x] =7

Al A B B _
Ty = Wy +wy — Ty =D

Competitive Equilibrium:

(zl 7$§4) = (77 5)
vy, a3) = (3,3)
"y
q2

It is PE as 2P < 8 and 2f = 28.

(c) By (I) we know that £ > 1. Thus insurance for B is more expensive &
she buys less of it. At the same time, A believes s = 1 to be more likely.
Therefore, A consumes more in s = 1, and B less. A consumes less in

s = 2, B consumes more.
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6 Microeconomics Midterm 2016 / 17 (1)

There are somehow two midterms for this year. This is one of the exams.

Schmidt

Exercise 1

(a) Use Roy’s identity on some monotonic transformation f(-) of v(p,w) :

of (v(p,w)) 82 (v((p,u;)) . 8vép,w)
~ _ opy ___ Ovlpw DI
2P, 0) = = G =~ ol wew) u(paw)
ow Ov(p,w) ow
8v(§p,w)
= _Wilw) = z(p, w)
ow

(b) (1) invert v(p, w) to obtain e(p,u). In equilibrium

U(pl,w) =u €(P1>U):w

uz<%>a(1;2a)lae<p1,u) |
& e(pl,u):u<%)a (1{2(1) o

(2) Apply Shepherd’s Lemma:

a 11— 1 «
b = 22— (F2) (2

op1 11—«

(c) case 1:
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a = a(p1/p2) — a(Ap1/Ap2) = a (p1/p2)

_ Apace (pr/pa)  \T@/P2)
hq ()\pl, U) =u ((1 — (p1/p2)) )‘pl)

_ pacx (p1/p2) 1-a(p1/p2) B
_u((l_a(pl/p2))p1) = hy (p1,u)

case 2: « = a (p1) — a(Ap1) # a(p1)

_ Apsar (Apr) )Y
ha (Ap1,u) = u ((1 —a(Ap1)) Apl)
)

_ D2 ()\pl 1=a(p1)
- ((1 - a(Apn)pl) # ha(p1,u)

Exercise 2
A=—-EV ; B=-CV

Note that we can transform U (xy, x2) to have Cobb-Douglas:

U (l‘l, 1‘2) = (.%’1112)1/2
Thus:
1w 1w
Jfl(p, ) §p_1;$2(p7w> 5;
w 1\ /2
vip,w)=— | —
v ) 2 (Pl]b)
Before moving:
3000
vo(p, w) = —— = 1500

After moving (no raise):

3000 ( 1\
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Calculate A by subtracting from w and let p; = py = 1.

Same utility as after move without raise:

w— A
v (p,w) = —5
1000 — 3000 — A
2
A = 1000

Calculate B by adding to w letting p; = 1, py = 2.25.

same utility as before moving:

w—+ B 1 \?
'UO(p7w) = —

2 P1D2

B 1\ /2
1500 — 3000 +
2 2.25
B = 1500
Exercise 3
(a) (1) Solve CMP for f(z)=1":
min wx
s.t. f(x) =1

First order conditions:
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U}l—)\a—xlzo VZ|£L'Z
0
wr; — A f(x)xl =0 VI| sum over [
al‘l

wr = A Z f(z) x; | by CRS apply Euler
I

wr = \f(z) | use f(z) =1
(2) Solve CMP for f(x) =1y :

min wx
X

st f(x) =y
Up to wx = \f(x) everything is identical:

wr = Af(z) | use f(z)=y
wr = \y = c(w,y) = c(w) -y

(b) Apply Shephard’s Lemma:

z(w) = 6;5;1;)
zi(w,y) = acgfu’ly) = yaggjj) =y - x(w)

(c) Profits are
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Thus :
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Gottardi

Exercise 1
(a) For A must have 4! = 23" while B is happy with having only one good.

Easiest to look at it in Edgeworth box:

B

()

LS
AN

A 8

Look at ind. curves to see that only PE allocations are on z{ = x4' as
long os 24! < 6 Green or PE.

If u? (21, 24') = 2{' + 224" wed have the following Edgeworth Box:

— ®

A -3

Only PE allocation is the top left corner. As A values x5 more, she gets
all of it.
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(b) Let p =p1/ps.

consumer A: Leontief implies z7' = x2'

consumer B : This is Cobb-Douglas with aw = 1/2. Thus:

markets: 1i+a2P =62 =3

Use thisin 2! = 24 : 25 =3

vy +al =8 =2l =5

Determine price:

v? =3/pep=3/5

Competitive Equilibrium:

p=3/5
(c) Look at excess demand:
A B A A, 3
P1
0 3
Opy p1
3
m=af +of —wl =2+ = -6
D2
0 3
Op2 Y2

Excess demand is upward sloping, thus the CE is unique.
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It is PE by FWT. We have LNS of preferences, complete markets, and

free disposal.

Exercise 2
w = (12,2) w? = (2,8)

(a) for either consumer h € {A, B}

att=20:
@0} + 05 =0
at t = 1:
ot =00 4wt
:)33 = 93 + wg
Together:

(27 —wy) + g2 (23 —wy) =0

(b) consumer h:

max W?uh (xff) + Wé‘uh (35}2‘)
af .l

s.t. 1 (m? — w?) + @2 (xg — wg) =0

FOCs:
oul (xh)
h h 1
[951] T Dl —Aq1 =
ouh (xh)
hl . h 2 _
Note that by risk-neutrality of A, we have % =1:
)
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A
q Ty
q2 U}

If we plug this into the FOCs for B, we obtain:

B ouB (x{g) ouB (x{g)

L S 2
- 0o T _BouB(zB) T ouB(zB)
2 oxB ozB
Ou (zf)  Ou(xP)
dxP 0P
= xf = xf

Plug this into BC' for B :

%(mf—wf)Jr(xf—sz):O

markets:

el =14= 298 =9

24+ 28 =10=> 25 =5

Competitive Equilibrium:

(ehaf) = (0.5) g,
(c.08) = (5,5)

=1

Due to risk neutrality of A, she carries all the risk while B perfectly

smooths her consumption. At the same time this implies that A’s beliefs

determine the price ratio of the securities. By 7! = 75! we have ¢; = ¢o.

(¢) No. The prices will change as they reflect A’s beliefs:
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A
q T

T A
q2 U}

> 1

Use B’s budget constraint: (sill 8 = 28")
¢ (2 —2) + ¢ (27 —8) =0
o7 (@ + @) = 21 + 8y
xB: 2q1 + 8q- _ 23—;4—8
¢+ q 1+q1/q
ox?  2(1+q /@) — 2q/e+8) —6

= = <0
0q1 /¢ (1 +Q1/qQ)2 (1+Q1/Q2)2

We see that B consumes less which makes sense as the asset that would

insure her against her poor state (s = 1) has become more expensive &
she purchases less of it.

By market clearing, A consumes more.
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7 Microeconomics Midterm 2016 / 17 (2)

There are somehow two midterms for this year. This is one of the exams.

Schmidt

Exercise 1

Make table showing affordability & revealed preferences. Get w by Wales Law.

t |t pat w' | reveled preference
11 96 | > |84 |-
0
21 80 | < |84 | a%>a?
1 0| 33 | <[36]2t>2a°
2139 | >1|36 |-
0] 52 [ > |50 -
2
1| 48 | < |50 | a?>at

(a) Violation of WARP occurs if p'z < w’ and pr’ < w
As we see in the table, this does not occur.

Therefore, WARP is satisfied.

(b) Looking at the last column, we find

20> 2% and 2 > 2°

Transitivity implies 2! > 22, But this is violated by the last rows of the
table.

Exercise 2
(a) Apply Roy’s identity:

Ov(p,w) w

Op1 - w 1
1 (p,w) = — o) L L o1 1w o
Dt St pil+pi/p
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(b) (1) Invert v(p, w). In equilibrium:

vipw)=u ; w=e(p,w)

111!
e(p,u) =u {— + —}
P P2

(2) Apply Shepherd’s Lemma:

=20 23] (2
T (Lt pi/pe)
() w1 w 1
1 (AprAw) = = ———— =11 (n1W)

/\_pll+§—§; Tl
Yes, it is.

(d) Let f(-) be such a monotonic transformation and apply it to v(p, w).
Then use Roy’s identity:

of (v(p,w) 31(;(”((1’:“3)) v (p,w)
~ _ opy *  Ov(pw Op;
TP ) = ~ GGy = ~ G Tl

ow ov(p,w) ow
dv(p1w)
_ o1 _
- dv(p,w) - xl(p; ’l,U)
ow

The step at * uses the chain rule to expand the expression. We see that the

Walrasian demand remains the same, irrespective of the transformation.

Exercise 3

(a) if:
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u(z) = a — Pexp(—cx)
u'(z) = Be - exp(—cx)
u"(z) = —Bc* exp(—cr)

rz) = _u'(x) _ _ —Bc?exp(—cx) _.
() pcexp(—cx)
only if:
. _u'(z) _ ~OIn(v(z))
u'(x) Ox

- / Ol ('(t) 0 _ / edt

o () et

u'(z) = u'(z) exp(—cx + cx)

p=—
YEN u'(y)dy = / u'(z) exp(—cy + cx)dy

x

& ulz) - u(z) = o (z) exp(cz)— [exp(~cz) — exp(—cz)

& u(z) = o () explez) —[exp(—cx) — exp(—ex)] + ulz)

= a — fexp(—cx)

(b) Investor maximizes expected utility:

max / ww — a+ az)d F (2)

a

Assume interior solution: obtain FOC:

/u'(w—a+a2)(z— 1)dF(z) =0

Plug in u(z). Use u(x) = — exp(—cx) as all positive affine transformations

of a — fexp(—cx) or allowed:

59



/c cexp(—c(w —a+az))(z—1)dF(z) =0
¢ exp(—cw + ca) [exp(—caz)(z — 1)dF(z) =0
VAN Y

(:)/exp(—caz)(z —1)dF(2)=0 (I)

Equation (I) defines a implicitly and it is completely independent of w.

Thus, as w rises, a stays constant.
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Exercise 1

(a)

r3 A A
=2 = MRSP =2 & a5 =]
11

MRS4 =

PE allocations lie on x4 = x4 until z' = 6. From there 23 = 6.

G X B

UA(w) = 21In(6) 4 In(2) = 4.277
UP(w)=2-2+4=38

Try new allocation (going North-East):

u?(5,3) = 2In(5) +In(3) = 4.317
uP(3,3)=2-3+3=9

(c) Let p=pi/p2

consumer A:
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max 21n (91;‘14) +In (xf)

A
1 Ty

st. prt + 2 = pb + 2

FOCs

consumer B:

max 227 + 27
xPxB
12

st. prP + 2l =p, +4

oo if p<?2 oo if p>2
P =S Rt if p=2 xf={ Rt if p=2
0 it p>2 0 if p<?2

markets: For markets to cleo (no excess demand) must have p = 2.

Plug this into (I):
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And this into BC for A :

Market Clearing:

xf—wf—l—w?—xf—é@—%—%
xfsz—kuﬁ—xfzfﬂ—%:g
Competitive Equilibrium:
whoat) = (55
(.5 = (53)
p=2

By (II) the CE is also PE.

(d) The price remains the same. Only the MRS of B is important for the
price. If p # 2, then markets would not clear. Changing endowments
does not affect the MRS of B. B’s MRS is only so important because she

has linear preferences, making the goods perfect substitutes for her.

(e) Equation (I) is now also valid for B. Sum over agents to see:

zy + al —p% (x{‘+a;f)

:13‘24+x23

=92 =
p x‘f‘erlB

By market clearing:

wf‘—i—wf

— o2 T
p wit + w?
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Therefore, the increase in w¥ decreases P.

Exercise 2

()

T = Ty =

Budget constraints:

a1¢91 + a202 =0
T :w1+291+92
Ty = Wy + 201 + 392

Solve consumer problem:

max = (/&7 + y/73)

1,22 2

sit. (I1) , (IV) , (V)

Plug (IV) and (V) into objective function:

1
IE%XE <\/w1+261+02+\/w2+201+392>
102

sit. Q191 + q202 =0

FOCs:
1 2 2
- + — A1 =0
4 L/wl +291 +92 \/w2+291 +392:| «
1 1 3
- + — A2 =0
4 [le +201+ 0,  ws+ 26, +392} e
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By market clearing and there only being one consumer we can set 6; =

62:0:

17 2 ) 1
- A1 ==-[V2+1]=Ag; =0
4{¢w—1+\/w—2] =g V2H -
17 1 3 11v2 3
h X == |22 Ay =
4wal+ww2] @ 4 2 +2 @ 0
a 1+V2
L )
@ 3+42

Competitive Equilibrium:

The CE is a non-trade equilibrium. As preferences are convex, the CE is

unique.

(x1,22) = (2,4)

(01,02) = (0,0)
Q1 1++/2
@ 3442

Note: in reality, we only know ¢;/ge. Thus we can only compare the

expected rates of return but not calculate their absolute values:

ﬂ:21+\/§>1:E(T1)
1 3+2 E (r2)
E E
N (7‘1)< (72)
q1 q2

Asset two has the higher rate of expected return. We already know that
this is only due to a higher relative price of asset 1. Asset 1 has to be
more expensive, otherwise the consumer would buy it to insure herself
against poorer state 1 as she is strictly risk-averse. She is alone in the

market & thus the excess demand for asset 1 increases its relative price.

No. The market was already complete. The new asset is a linear com-

bination of the others and it introduces no new choice option for the
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consumer.

66



8 Microeconomics Midterm 2017 / 18

Schmidt
Exercise 1

(a) Since 5 € [0,7.5], this violates WARP.

See below in ex (b) why this is true.

(b) To violate WARP must find:

Note that we find w & w’ by Walras Law:

21044y < 50
6-5+3-10<60+3-y

20+ 4y <50
=
60 < 60 + 3y |
y< 7.5
<~
0<y

Thus WARP is violated if y € [0, 7.5].

Exercise 2

(a) Budget constraint:

1
pri+ Ty =w | usex; = —

p
&S rp=w-—1

(b) This has to be quasi-lineor:
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T = Bﬂéz)n) - _f,<%)(;1)(%)2 L %
= f/ (%) = use p = —
< f'@n) = 5
& S f@)de= [ gt
—  [f(z1) - flzy) =In(z1) - In(zy)

Thus:

f(@1) =In(z1) +a
For simplicity, let o = 0, as utility is ordinal. Find:

v(p,w) =1In (%) +w-—1

(c¢) Immediately from (b):

u (1, x9) = In(x1) + 29

Exercise 3

Cash constraints turn this problem into a consumer problem.

(a) Treat R(-) as indirect utility & C' as wealth.

Apply Roy’s identity:
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@
B

. _8w1(.-) . _p(—oz)l/wl o g
Al ) = e = e T
(b) Invert R() to find C(-) :
R
B o]
p Wi Wy
o e R C
<p | = | =
Plp7 wwy
o, 1l—« R
< O (p,wy, wa) = wiwy “ exp ;—7 )

(c¢) Apply Shepherd’s Lemma to (I):

% ( _90() _ w2 o R
1 p1w1,w2)* O, =« €xXp P Y

Exercise 4

(a) (1) risk aversion: u"(z) =2c <0 <= ¢<0

(2) marginal utility must be positive:

W(zr) =b+2cx >0

= b >2z|c|

There is no restriction on a. a only shifts the utility up or down.

(b) To satisfy (2) from (a), must have
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EU(x) = /a + bx + cx’dF (x)

:a—l—b/:r;dF +c/x2dF

=a+bE(zx)+cE(2*) | let E(z) = p and Var(z) =
=a+bu+c(o®+p?)

(d)

max/a +b(w — s+ s7) + c(w — s + sr)*dF(r)

Note:
E(w—s+sr)=w—s+sE(r)=w—s+sur
Var(w — s + sr) = s Var(r) = >G>

Thus:

maxa + b (w — s+ sp,) + ¢ [$°Gr 4+ (w — s + s,ur)Q}
FOC:

b — 1) + 2 [sG2+ (w— s+ sp,) (i —1)] =0
b

5G92~+W(MT_1)+S(NT_1>2:(1_,‘“)%

slo?+ (= 1)°] = (1 — ) <2% +w>
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*

and therefore we find that

ds*

ow

Gottardi

Exercise 1

(a) Figure says it all

36

A&

(1 - Nr) (% + w)
oy + (e — 1)2

1—p,
of + (e — 1)

fecsible: all ollocatiars i
tiogle (id. loodest)
PE-'ovJa Ylue ‘oordes

(b) Consumer:

FOC:

<— maxc [24 — ﬂ}

24

max cl
c,l

s.t. pc+ wl = w24

wc
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24 -2— =0
wce

& c=12(p/w)?

Firm:
mi%LXpélL—wL = mELXL(le—w)
oo if p/w>1/4
L=4q RY if p/w=1/4
0 if p/w<1/4
Markets:

To clear labour market, must have p/w = 1/4 or there will be excess

demand or supply.

— c=12(p/w)"! =48

to clear goods market: ¢ =y = 48

S ) VI D
w

by labour market: L =24 — [ =12

Competitive Equlibrium:

S
—_

—=—y=48; L =12
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This allocation is PE as it is on the border of the blue triangle described
by

1
24— o
¢ 1

(¢) The price ratio is the same or labour market cannot clear.

Consumer:
mz}xcl -9
st. g=4(24—1)
pc + wl = 24w
€ max (24(p/w)™" = U(p/w) ") 1 —4(24 = 1)
FOC:
24(p/w)~t = 2(p/w) ™t +4=0
124+1-1=0
=13
Markets:
L=24—-1=11
c=y=44

Competitive Equilibrium:

1
2:—;L:11;y:44
w4

This is not PE anymore.
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Exercise 2

No. Only need LNS by FWT. But without convexity we may not have a CE
at all.

Exercise 3

(a)
t=20: Q191+QQ92:0
tzl,Szl $1:91+8
t=1;58=2: x9=05+2

Combine:
@i (1 —8)+q(r2—2)=0
(b)
a L 10 2410 L2
X — T — =X To — =X
w2 [T M 279"
st.q1(r1 —8) + (22 —2)=0
FOCs:
1
[£U1] 5 (10 - 951) — A1 =0
1
[.TQ] 5 (10 — (L’Q) — )\(]2 =0

Combine FOCs:

q1 10 — T

g 10—z,

Asset market clearing implies 6; = 6, = 0 as there is only one consumer.

As a result: 1 = w; and x5 = ws.
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(]1_10—8_2

1
¢ 10—-2 8 4

We find ¢; < g9, although E (1) = E (r3) = 1/2. The reason is that the
risk averse consumer wants to insure against the poor state (2) by buying
asset 2. But as she is alone this creates excess demand for asset 2. This

drives the price up until the consumer does not want to boy or sell.

No. By removing risk aversion, the prices will reflect the state probabilities

as the consumer only cares about expected payoff. Thus ¢ = ¢ and
=1

q2
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9 Microeconomics Midterm 2018 / 19

Schmidt

Exercise 1

(a) Violation of WARP:

py < w
/

w/

NN

py

Plug in the prices & incomes (by Walras Law):

30(12+x) < 600
540 < 360 + 24x
<8
=
75 <«

Thus, WARP is violated if = € [7.5, 8].

(b) For this, bundle from year 2 must be affordable in year 1:

r <8

But we exclude all z for which WARP is violated and find: z € [0, 7.5)

(¢) The quantity has increased, so the income must have decreased to find

Oya .
5 <0

600 < 360 + 24«

& 10<zx
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Exercise 2

(a) Use hint because if g(h(-)) represents preferences, then any strictly mono-
tone transformation does it as well. Thus h(-) represents the preferences

& is homogeneous. Call h(-) now u(-):

EMP:
min px
s.t. u(x) =1
FOC:
p— 2248 oy
8xl
by Euler

0
e(pu=1)= me = )\sz gg) =A
I

now let u(x) = u:
min px
s.t. u(x) =wu

FOC:
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(b) UMP:
max u(x)
st. pr=1
FOC:
@) =0 Wi
8:1:1
Ou(x)
oz, Ao |
0
gg T = Apia

Sum over z; and use Euler:

; 8;3(5):51 =A Zpla:l

Let pr =1 : Same FOC and up to (I) nothing changes:

zl: aggj)ﬁl =A zl:pm

u(z*) =v(p,w) = A\pxr = Aw = v(p)w

(c) Follows from applying Roy’s identity to (II):
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Av(p,w) dv(p)

dpy Opy

7(p,w) = Tl T ) z(p)w

Exercise 3

(a) Leontief implies: x7 = x5 and u = x] = xj Thus, they must be able to
afford the old bundle as Leontief does not allow for substitutions. They

will also choose to consume it.

Before moving: p; = ps =1

w
* *
— 2] = x5 = — = 500 = g

After moving: Set u; = ug. Thus

to afford this:

e(p, 1) = 500(1 + 4) = 2500

As initial wage is 1000, we have R = 1500.
This is the negative of CV.

(b) This is Cobb Douglas utility. Thus

Before moving;:
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After moving:

LNY2 /1 \ 12
—(w+R)— ) =500
o(p,w) = (1 + >(2pl) (QpQ)

& w+ R=2000 < R = 1000

As CD utility allows for substitution, they choose to buy less of x; as it

has become much more expensive.

Exercise 4

(a) This agent exhibits decreasing absolute risk aversion.

oA u'(@)  —p(,),—p—1 ot
u' () (1—p)z”

(b) Agent maximizes expected utility:

max/u(W —aW + aWr)dF ()

Assume interior solution:

FCC: /u’(w —aw + aWr)(mw — w)dF(7) =0

Plug in functional form:

/(1 — o)1= a+ am) P (m — Dw'PdF(x) = 0

& (1—pw'* /(1 —a+an) ?(m—1)dF(r) =0
£0

N /(1 —a+am)P(m — 1)dF(x) = 0
This expression implicitly defines a* and is independent of W.
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Gottardi

Exercise 1

(i) Consumer A:

FOC:

Consumer B:

FOC:

Markets:

max In (z1') +21n (z3')

A
T1 T3

s.t. prid + 24 = 16p

1

[xﬂig—kpz()
1

A1 .o Ly

maxIn (1) +In (25)

B

s.t. prP + 2l =12

1
B]. - _
[ml}leg Ap =10
1

2

— g =a)p —r x5 =6

81
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e 2P =16 ; xf +2f =12

2
@m?:wg & 25 =6

Combine with either FOC' to find:

vy = px?
9

6 = pl6=
P03
p=09/16

Competitive Equilibrium:

3
p=9/16
(ii)
g z¥
MRS* = 2 = MRS® = =%
274 P
Use market clearing:  2¥ =16 — 21!
R x4 12— x4
204 16 — af
16—z 12
= =——1
224 x4
16 — a4 + 2240 12
< 2! T af
1 2
o A 2474
> 1642t
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2
= P . O
i >
l6 J7
A /3 3
(iii) Plugging into (1) :
24-8
] —
16 + 8
] —
Yes, it is PE.
Find transfers:
TA:xf_wf‘:8_16 -8
x4 ws 8 0 8
T8 _ xP B wh _ 8 B 0 8
o wh 4 12 -8

Prices given by MRS:

p=MRS* = MRS? =1/2

Exercise 2

(i) att=0:

83



101 + q202 = 0

att=1land s=1:

$1:281+92+4

att=1and s =2:

To =01 + 205 + 8

(ii) consumer solves:

1

max [In (201 + 02 +4) + In (6, + 2605 + 8)]
1,02

s.t. q191 + q292 =0

FOCs:

_ 1 _
[91](201+02+4) 1+§(01+292+8) 1—>\Q1:0

[92] . (261 + 62 + 4)_1 + (‘91 + 262 + 8)_1 - )\(]2 =0

1
2

Suppose qg1 =@ =1 :

1 _ 1 _
5(291+92+4) 125(91+202+8) !

291+92+4:91+292+8

Market clearing: 6; = —f0; = 0 as there is only one consumer. This

violates (II). Thus ¢; = g = 1 is not possible!
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(iii)

This result is the consequence of risk-aversion. The consumer is poorer in
state 1, so she wants to buy insurance against it via asset 1. Unfortunately,
she cannot because there is nobody else in the economy to trade with. To
offset this excess demand for asset 1 we must have ¢; > ¢» which makes

it less attractive.

There is no risk aversion and therefore the assets are not interesting as an
insurance as they have the same expected return. As a consequence the
prices reflect the state probabilities. As m; = my = 1/2, will find ¢; = ¢
and ¢ = ¢2 = 1is a CE.
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Schmidt

Exercise 1

(i) First, find incomes:

w’ =42 w'=36 w?=50

Look for violations of WARP:

t|t ] plat > | w' | revealed preferences
0 1| plazt =48 | > |42 |-
2| pP2? =40 | < |42 | 2° > 22
) 0pla®=33|< |36 |at>a°
2 [ p'a2=39| > |36 -
5 0p?2°=52|> |50]-
1| pPaxt =48] < | 50 | 22 > 2t

From the table we see that we never have p'a? < w' and p''z! < w'.
Therefore, WARP is satisfied.

(i) From the last row we have z° > 2? and 22 > 2!

Transitivity implies 2° > 2’ but we found the opposite: 2’ > 2°. Therefore,

transitivity is violated.

Exercise 2

(a) Consumer 1: at optimum e;(-) = wy & uy = vy(+)

W) = V1 (p, wl) vV P1P2
& v (pwn) = ——
v (p,w1) =
' ' \ P1D2

Use Roy’s identity:
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v (p1w) _1_ w
“op 2 /papy
l‘%(p, w) = - avl(illw) == 12 :
w1 VP1p2
2p
el _w
By symmetry: x5 (pyw) = o
Consumer 2: Transform utility function.
_3 a
ug (1, m9) = & 0wy
This is standard Cobb-Dauglas:
. w) = o al(p,w) = o
L 34ap 34 aps
(b) Good 1:  z}+ 2% = pil [Twy + 3_%11112]
N 1 3

2 3+

Good 2: z} + 23 = p% [%wl + ?)j%awg}
— ! ¢ = 3
—_ = a =
2 3+a

Thus a = 3 solves the problem for both goods.

Exercise 3

(a) Firm solves:

min ¢(w, y) = min wz

x T

st f(x) =y
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FOC:

Of ()
8xl

Vi

Use Euler:

Ify=1:c(w,1)=A
Ify#1:c(wy)=\y=c(w )y =clw)y

(b) We have:

c(w,y) = wz

O(w,y) _ owx -

8wl 8wl

And from (a):

Oc(w,y) B Oc(w, 1)
Owl N Owl Y

Together:

oc (w, 1)
(‘9wl Y

T =
(c) Profits are:
m=pf(zr) —wr =pf(x) — Zwm
]

Plug in the w; from exercise
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The last equality follows from CRS & Euler’s formula. Clearly, 7 = 0.

Exercise 4

(i) DM maximize expected utility:

m%XEU(-) = max/u(w —a—f+az+ p)dF(2)
= max/u(w —a+az)dF(z)

Get first order derivative:

aéE—aU _ / W (w - a+ az)(z — DdF(2)

Suppose o = 0 :

>0

/ o (w)(z — 1)dF(2) = ' (w) [ / 2dF(z) — 1

As the expected marginal utility is positive at a = 0, the DM will invert

some « > 0.

(ii) As we saw in (i), @ = 0 is not optimal (for both agents). They increase «,
which lowers the marginal expected utility, until 22 = 0. Because v(-)

is a concave transformation of u(-), we know that v/(-) decreases faster
then u/(). Therefore, [v'(-)(z — 1)dF(z) = 0 is reached at a lower value
of a than for [«/(-)(z — 1)dF(z). Thus:



Gottardi

Exercise 1

(i) Consumer A:

max ziad s.t. prd + 25 = p8

1,22

FOCs

—xhy = pri (I)
Combine (I) with BC:
e =4 af =4p

Consumer B:

max 27 + 228 s.t. prP + 2l =6
2B

By linearity:
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oo if p<1/2
=4 Rt if p=1/2
0 if p>1/2
oo if p>1/2
=< Rt if p=1/2
0 if p<1/2

Markets:

p = 1/2 otherwise we would have excess demand for one of the goods.

—>x’24:2
— P =8-4=4

— P =6-2=4

Competitive Equilibrium:

(114 ?): 72)

(27, 27) = (4,4)
1

P=35

(ii) MRSA = x4 /2 = = MRSE = 1/2 — 24 = 127" in blue:

6 F ®
Ly
A %"
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Exercise 2

1. LNS of preferences
2. complete markets

3. free disposal

Suppose (1) is violated. Then we could construct the following situation (A
violates LNS):

B

A

Although at x both agents are optimizing given the prices, we could make
B better off without hurting A if we moved to the bottom left. Thus the CE
at x is not PE.

Exercise 3

(wl,wQ) = (9, 16)

t=0: q101 + ga02 = 0
t=1lands=1: m1:w1+91+392:9+91+392
t=1land s=2: x2:w2+381—|—92:16+301+92
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(b)

Solve the maximization problem. I already substitute x; and x5 from the

BC s into the EU-function :

1
max > [¢9+91+392+ V16 + 30, + 6,
102

st.  qth +q0, =0

FOC:

1 1/2 1/2-3

= |: / + / :| — )\ql =0

2 V946, +30, 16+ 36, + 0,

1 { 1/2-3 N 1/2

2 (V946,430 16+ 30, + 0,
Since there is only one consumer. must have no trade equilibrium:

01 = 0y = 0. Plug into FOCs:

:|—)\QQ:0

171/2 1/2-3 171 3 13
2{3 L ] @ =02 4{3+41 112
171/2-3 1/2 1 1 5

§{T+ﬂ”q2—0‘:”q2—z{”ﬂ—m

@ _ 134 13
e 12 5 15
E(r)=31(1+3)=2=E(r;) =1(3+1)
Thus:
1 1 E E
q1 (7”1) > (7’2)

Yl =< — &
q2 q2 q1 q1 q2

The expected rate of return for asset 1 is larger than for asset 2.

Since the consumer is richer in state 2 and risk-averse, she would like

to buy asset 2 as insurance. Because she is alone in the economy, this

demand for asset 2 increases ¢s relative to ¢;. This in turn leads to
E(ra)

E
15 1 gpd B o EGa)
q1 q2 a1 q2
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Schmidt
Exercise 1

(a) 1 (Apr1Aw) = )\Ha*é% = A\t (p, w)

Must have o = § — 1

psw 5& A

2o (Aprdw) = AFed 222
P +pS+pd ps A

No restriction on .

WPEW  y1ta-s

w3(Ap, Aw) = AFer 5 —
i} + P} + 1

T3 (p7 ’IU)
No restriction on 7.
In summary, we only need @« = — 1

(b) prx1(+) + poxa(:) + p3xs(:) = w to satisfy Walras’” Law

w 1+ I4a I+a P1P2
55 P1 tpapT + f——
A R T

Must have g =0 :
1+a 1+a 1+a

Pl + P+ p =it + pyte + )

Must have y =1 & aa =6 — 1.

In summary:

a=0—1 =0 =1
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Exercise 2

(1) Define a; = —2¢

al+ag

and &; + o = 1. This is allowed as it is a monotone transformation of

utility.

and 6&2 =

u (w1, 72) = (21 — 'Yl)dl (w2 —72)

22 Then

alta2

Qg

(2) Define 2%1 = (ZEl — yl) and fg = (IQ — yg)
At the same time let W = w — p1y; — pPays.

The intuition is that we only allow the consumer to choose the excess
consumption after obtaining at least v; (or +;). For example, let z; be food
and you need 7; food or you die. Thus you are only free to choose excess food
after having ;. To make the budget work, I subtract the expenses for v; (and

72 ) from the income.

(3) Now we get an immediate solution as the new problem is just standard

Cobb-Douglas:

(4) Re-substitute:

max 7" z5*
Z1,E2

s.t. pli'l +p2(’i2 =W

5 . w 5 W
— X1 =01— § Tg=0p—
y4i D2

1

(1 —m) = O~é1p— (w — p1y1 — p2y2)

=

By symmetry:

1

P11 = p17y1 + Q1 (W — piy — paye)

P2y = Parys + Qo (W — p1y1 — P2y2)
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Exercise 3

(a) Cost is: ¢(-) = wy21(+) + waza(*)

Then:

The firm solves

FOC:

w 821(')

| —
awl

+ w

(922(')

2
(9w1

max pf (21, 22) — Wiz — Wazy

Z1%22

1~ 0@ =
95() _a10)
822 _w2_0¢> 2_p822
S0 L S0
= () +p |+ O] )

(IT)

(111)

(b) If production is below 2 units, then ¢ (y;) is more cost efficient. Above 2

units, the firm can reduce cost by switching to ¢ (y2) :

c(y) = {y &

Y ity >

96
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Exercise 4

(a) The agent maximizes expected utility:

mgx/u(w—A—I—Az)dF(z)
Getting the first coder derivative:

é’aE_AU _ /u’(w ~ At A2) (= — 1)dF(2) (1V)

Suppose A =0 :

%E—AU(A =0)= /u'(w)(z —1)dF(2)

= ' (w) { / 2dF () — 1} >0

As marginal expected utility is strictly positive, the agent would be

marginally better off by investing A > 0. Thus, she would always do so.

(b) CARA implies u(z) = exp(—rx) since

u'(x)  r’exp(—rz)

u'(x) —rexp(—rx)

Go back to (IV) and set equal to zero for optimality condition:

/u’(w—A+Az)(2— 1)dF(z) =0

Plug in /(z) = —rexp(—rx) :
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/—r exp(—r(w — A+ Az))(z — 1)dF(z) =0

& exp(—r(w — A)) /exp (—rAz)(z — 1)dF(z) =0
£0

N / exp (—rAz) (2 — DdF(2) = 0 (V)

(V) implicitly defines the optimal A and does not depend on wealth.

Gottardi
Exercise 1

(a) Must have ¢ <y =2L and L = 16 — [

Thus: ¢ < 32 — 2[ describes feasible allocations. PE allocations are only
at ¢ = 32 — 2[, as otherwise, resources are wasted that could contribute

towards utility:

Ae Tha. bloe ‘bﬁaﬁle (incl.
bordess) i fessible.

Ouly o piule bordes ‘s PE.

(b) consumer:

max In(c) + In(7)

c,l

st. pc+ wl = 16w
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FOCs:

1
o=
c
1
- —dw=0
c
w
—c=—I
p
Firm:
max PAL — wL
oo if A>w/p
L=4¢ Rt if A>w/p
0 if A<w/p
Markets:

L=16-1—w/p=A=2

c=y=AL=A(16—1) =32 —2I
c=%l=Al=2]

P
— =8 L=8;c=y=16

Competitive Equilibrium:
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w/p =2
y =16
L =8

Since ¢ = 32 — 2[ holds, the CE is PE.

(c) (1) 3 will increase, as > = A’. Else, we’d have 2 < A’ and the firm would
demand infinite labour. This excess demand cannot exist in a CE.
(2) y must increase. More productive firm increases its output.

(3) L remains the same. The firm produces more at a lower price and the
consumer consumes more, working the same for a higher relative wage.
She could work more and consume more but since M RS = ¢/I, this is

not what happens.

The utility increases as [ = 8 as before but ¢ increases as y increases.

Exercise 2

Yes. If one of the consumers has non-convex preferences, we con find prices at
PE allocations that are not CE:

B

uh D _uh
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Although z is PE, A could be better off at these prices. Therefore x is not

a CE.
Exercise 3
wt = (4,8) ; w?=(21)
(@) )
U285 L\ pgB Ly gf — g

MRS* =
RS 1/2x4

1

All PE-allocation are in blue.

q A

A

(b) consumer A:

max 1/2 (In (21) + In (23))

1,75
st O + 205 =0
o =wi 4+ 07

A_ A A
xy =wy + 0,
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< max 1/2 (ln (33’14) +In (5554))

1‘1 ,122

s.t. q1 (J:f —wf) +q2 (xf _ng) =0

FOCs:

Enl @—Aql—o
1

[124} M—)\QQ—O

@ *a

_>Q2 xiq

consumer B:

FOCs:

(7] 1 1/2+ Ag1 =0
[25] 1 1/2+ Ag2 =0

Plug (IT) into (I):
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zy = (I11)

markets:

A B A B
— P =0
A B A B

— a8 =3

Competitive Equilibrium:

(1, 23) = (6,6)
(af'.2f) = (0.3)
o _q
q2

PE:

MRS = 28 /2 = MRS® = 1/3

1

The new set of PE-allocations is indicated in pink.

Now Z—; = % Reason being that the prices of the Arrow-securities reflect
the state-probabilities of the risk-neutral agent as she will take on the

entire risk in equilibrium.
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Schmidt

Exercise 1

(a) Clearly, WA is violated as 15 € [0.22.5] by the result in (b).

(b) WA:if z # 2/ and p'z < v’ = p2’ > w

Thus check bundles in other price-wealth situations:

4-30+8-y=120+8y <wy=4-15+8-30 = 300
1215+ 6- 30 = 360 < w; = 12 - 30 + 6y = 360 + 6y

22.5

=

Y <y € [0.22.5]
0

NN

Y

WA is violated if y € [0,22.5].

Exercise 2

(a) Use Roy’s identity:
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dv(p,w)
9
zi(p, w) = _W%

ow

Then let f(-) be a movotonic tranformation:

6f(7j9(p,w)) gfgp,wg 8vép,w)

~ _ D1 _ _ ovlpuw P

2P, w) = ~ 555 57 (pw) Bolpa) — (P> W)
ow ov(p,w) Ow

w = (E)a P2 1_az}(gn w)
a 1—a ’
At optimum: w = e(p,u) and v(p, w) = u.

(2) Apply Shephard’s Lemma to e(p,u):

o = 500 <o () ()

11—«
P2 «
== U
(pl 1- 04)

(c) case 1:

a=a(pi/p2) — a(Ap1/Ap2) = «

)\p o l1—a
hl <)\p17u): (/\_pil—a> u

11—«
[0
= (%1-0&) U:h1<p1au)

case 2: a = «a(p1)
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([ Ap2 a(Ap) me(n)
hi(Ap1,u) = <)\_])1T(>\p1)) !

<p2 a (Ap1)

p_11 —a(Ap1)

)M(w w by (pr, )

Exercise 3

The difference between consumer theory and production theory is mainly the
fact that firms do not have budget constraints. This problem introduces a
budget constraint. Therefore, we are going to treat the problem like a consumer
problem. In that sense, the revenue is comparable to the utility function, and
the cash constraint is like the wealth of a consumer. Consequently, we are
solving the following revenue maximization problem (which is the analogue to

a utility maximization problem):

maxpf(zh 22)
21,22

s. t. W12 + Wazo S C

We will assume an interior solution (the budget constraint is binding).
Then, the revenue function R(p, wy, ws, C') that the exercise gives us is just the

equivalent to the indirect utility.

(a) As R(p,w;,ws,C) works like the indirect utility, we apply Roy’s identity

to find the factor demand, which is the analogue to the Walrasian demand:



(b) We treat R(p,w,C) as the indirect utility depending on income and
invert it to find the cost function C(p,w, R), which is the analogue to

the expenditure function in consumer theory:

R=p[y+InC(p,w,R) —alnw, — (1 —«a)lnw,)
L, (M)

le% 1—Oc
p Wy Wy

(R ) C(p,w, R)
exp =) = e

6% 11—«
Wi Wy

R
Clp,w, R) = wfwl— exp (5 - 7)

(c) Since the cost function from (b) happens to be the analogue to the
expenditure function, we can apply Shephard’s Lemma in order to find
the factor demand for a given R at minimum cost, as this is the analogue
to the Hicksian demand in consumer theory. In that spirit, let us call
this function hy(p, w, R).

oC (w, R)
811}1

T ()
=aexp |——7| | —
p w1y

(d) In consumer theory, the Hicksian demand and the Walrasian demand

hl(p7 w, R) =

meet at optimum. We can also show that here:
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>0 ()
——y=h{——
p Wy Wy

R=ply+InC—alhw — (1 —a)lnw)

The last line is exactly the formula for the revenue that is observed by
our econometrician friend in the optimum. Therefore, we have shown
that the two demands are equal whenever the firm is acting optimally, i.e.
maximizing its revenue or minimizing its cost. Put differently, the revenue
maximization problem is the dual problem to the cost minimization

problem and vice versa.

Exercise 4
(a) IF:

u(x) = Pa'F + v

" 1— _ —p—1
@) B p)(=p)e _
() B(1—p)rr
ONLY IF:
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81n((91;’(a:)) _ _pé

“olm(W(®) /”31
<:>/x 5 dt = —p tdt

Risk aversion:

u"(x) <0
SB(L—p)(=p)z™"' <0
=81 —pp>0

This only holds when (8 >0and p<1)or (5<0and p>1).
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Gottardi
Exercise 1

(i) Pareto Efficient:

(4] B
— PE alloazkin

A ] io

(ii) consumer A:

max 3In (1) + In (22)
172

st. o +prd =8+ 2p

FOCs:

consumer B: linear utility leads to:
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oo if p>2

P =4 Rt if p=2

\O if p<?2
(oo ifp<2
8 =S RY ifp=2
0 ifp>2

market:

A B A B

In order for markets to clear with no excess demand, we must have p = 2

because of consumer B’s preferences. Therefore

A_@a A
x] = 6x;

plug into BC4: 8r) =8+4 <= 15 =12/8=23/2

— =9 — (2, 25) = (1,17/2)

Competitive Equilibrium:

(a1, 25) = (9,3/2)
(27, 2) = (1,17/2)
B2y

P1

Since 24 = 1/6x4', PE is achieved.
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(iii)
(wi,ws') = 31In(8) + In(2) = 6.931
u (27, 23") = 3In(9) + In(3/2) = 6.997
(wf,wy)=2+2-8=18
(27, 25) =1+2-17/2=18
By FWT this is always true, when preferences do not violate LNS, there

is free disposal and markets are complete.

Exercise 2

Autarky: A sells, B buys good 1.

Effect depends on price change & preferences.

Assume % goes up (the other way round the argument can be reversed).
This makes the seller better off as she gets more per unit sold and might even
sell more. For B it depends on her preferences. If she can substitute and
switch to selling good 1, she profits. If she has to buy good 1 at a higher price,
she loses. It is also possible that her utility does not change despite the price

change.

If prices remain the same, nothing changes.

Exercise 3
(wlv wQ) = (17 4)

(1) att =0: C]191+QQ(92:O
attzl,s:lz x1:w1+914+6’2

att=1,s=2: x9=1wy+ by

(ii) Consumer problem:

max 1/4 (w1 + 4(91 + 92)1/2 + 3/4 (’LU2 + 92)1/2

01,02

s.t. q101 + q202 =0
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FOCs:

4
0] : — A1 =0
1] 8 (wy + 401 + 92)1/2 1

1 3
[64] :

+
8 (w1 + 491 + 92)1/2 8 <w2 + 02)1/2

market clearing:

— A2 =0

8

91 - —92 - 0
Plug (I) into FOCs:
1 1 3
5—)\611, §+E_>\QZ
o _116_8
¢ 25 5
(iii) E(r) =E(rp) =1
E E
— (r1) > (r2) —_1>8_°
q1 42 42

5

We see that the inequality above is INCORRECT, we have run into a

CONTRADICTION.

Usual intuition: ¢;/g2 > 1 because consumer wants to insure against poor

state where she has less income. This leads to a lower expected rate of

return for asset 1. Otherwise the consumer would buy asset 1 but she

cannot because of market clearing.
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