M.A. in economic theory: microeconomics
1/21/20
TAKEHOME EXAM: ANSWERS

Please answer all questions. Omitting calculations is OK. Recall that the set of efficient

allocations depends only on preferences, technologies, and aggregate endowments

QUESTION 1

THE ECONOMY

e Two goods, A and X ,written in this order.
e Two consumers,1 and 2.
e One firm.

Consumer 1

e Consumption set R’

e Endowment vector @, =[0,4]

e Profit share 6, =0

e Utility function u, =log A, +log X,

Consumer 2

¢  Consumption set R’
e Endowment vector @, =[0,0]
e  Profit share 6, =1

e Utility function u, = X,

The firm produces good A out of good X with technology described by the

production function

A=+2X

Policy: The firm’s profit IT is taxed at a rate t, i.e. after-tax profit is (1—t)H . Consumer

1 receives a lump-sum transfer T

Parameters: t,T .Conditions on parameters: 0<t<1,T >0

QUESTIONS
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1/21/20
TAKEHOME EXAM: ANSWERS

Answer the following questions for all allowed parameter values

e Compute all efficient allocations P . Compute and draw the Pareto frontier and the utility

possibility set.

e Compute all competitive equilibria. For which values of the parameters t,T do equilibria exist?

Denote the equilibrium allocation at f by E(t) = [|:Ai (t), X, (t):|i2:1 LA (t),X(t)] )

o  First welfare theorem: For which values of the tax rate t, if any, is it true that E (t) cP?

. wPc |JE(H):

0<t<1
ANSWERS
EFFICIENT ALLOCATIONS

The set of feasible allocations

FA:{(Al,XerQIXQIA/X)ER?. :AS\/z_X/Al +A2 S14’}(1 +X2 +XS4} (1)

is convex, and the objective functions u,,u, are concave, hence the utility possibility set

is convex, and we can compute efficient points by solving, for all values of the

parameter o €[0,1] ,the following max problem

max W =au, +(1—0¢)u2

' . ()
subject to A<V2X,A +A, <A X +X,+X<4,all variables >0
The solutions are, after eliminating «
Efficient allocations P|
3
A=A1=J5&,A2:o,xl:2X,X2=4—3X,03Xs§ ©
pareto frontier|
In(-3u,+12) In(2 2 4)
ulz—ln(3)+ ( 2 )+ ( )+ln _i+§ ,0<u,<4
2 2 3 3
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TAKEHOME EXAM: ANSWERS

EQUILIBRIA

1.NAME THE PRICE OF EACH GOOD

1/21/20

p = price of good A,w=price of good X . Normalize w =1

2. DEFINE CONSUMER INCOMES

M, =4+T,M, =(1-t)I1

3. SOLVE THE OPTIMIZATION PROBLEMS OF CONSUMERS

©)

maxu, =log A, +log X, ,subject to pA, + X, <M,
max u, = X, ,subject to X, <M,

The solutions are

<A1,x1>=(ﬂ,“}

2p 2
(4.%)=(0.(1-0)n)

4. SOLVE THE OPTIMIZATION PROBLEMS OF FIRMS

(6)

@)

max (1-#)TT =(1—t)(p&—x),xz 0
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The solution is
2 2
(X, 4,10) =[’”—,p,p—j ®)

5. SOLVE THE EQUILIBRIUM CONDITIONS

A=A +A,,4=X +X,+X ©)

equilibrium with profit taxation|
242 4t 4
p = , T = P H =
Ja—t 4-t 4t
Equilibrium allocation E (t) ,0<t< 1|

Aea =22 4 ox -8 x,
4t 4t 4t 4—t

(10)

Comparing (10) to (3) we conclude that E(t) c P,vte[0,1) ,and that P ¢ Uost<l E(t)
Jbecause P—|_J _E(t)=efficient points with 0< X <1

QUESTION 2

THE ECONOMY

e Two goods, A and X ,written in this order.
¢ One consumer
e One firm.

The Consumer

¢  Consumption set R’
e Endowment vector ®=[0,4]
e Profit share 8 =1

e  Utility function u = 2\/2 + 2\/?

The firm produces good A out of good X with technology described by the

production function
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TAKEHOME EXAM: ANSWERS

A

A:

ﬁ
>

Policy: The firm receives a subsidy s per unit of output. The consumer pays a lump-

sum tax T

Parameters: s,T .Conditions on parameters: s>0,T >0

QUESTIONS
Answer the following questions for all allowed parameter values

e Compute all efficient allocations P
e Compute all competitive equilibria. For which values of the parameters s, T do equilibria exist?
Let p be the price of good A and w the price of good X. Denote the equilibrium allocation at s by

E(S) = [A(S), X(S) , A(S),)A((S)] ,the equilibrium price vector by [p(s),w(s)] ,and the
equilibrium value of profit by I1 (S) .
o  First welfare theorem: For which values of the subsidy s, if any, is E (S) cP~?

e Second welfare theorem: For which values of the subsidy s, if any, are all efficient allocations
decentralizable, i.e. P < E(S) ?

e Draw the equilibrium value of utility v(s) = u(A(s), X ( ) ) against s.

e Draw the equilibrium value of the real wage w(s ) /pl(s ) against S.Is it a good measure of
welfare?

e Draw the equilibrium value of total employment X (S) against S .Is it a good measure of
welfare?

e Draw the equilibrium value of total output A(S) against S. Is it a good measure of welfare?

w(s)f((s)+ IT (s)
p(s)

e Draw the equilibrium value of total real income against S. Isita good
measure of welfare?
ANSWERS

EFFICIENT ALLOCATIONS

There is just one consumer, hence efficient allocations are the solutions of the following

max problem
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TAKEHOME EXAM: ANSWERS

maxu:2\/2+2x/§

subject to A < A< \IZ)A(,X +X< 4,all variables >0

There is a unique solution, given by

Efficient allocation|

P= {(X A,X, A)}

2 2
X:A?,AzA,X:A3,A3+A7:4,Az1.437

2

1/21/20

(11)

(12)

The equation A’ +A7 =4 has exactly one positive real root, hence the set P of efficient

allocations contains exactly one element, given by (12).
EQUILIBRIA

1.NAME THE PRICE OF EACH GOOD

p = price of good A,w=price of good X . Normalize p=1

2. DEFINE CONSUMER INCOMES

M=4w-T+I1I (13)
3. SOLVE THE OPTIMIZATION PROBLEMS OF CONSUMERS
maxu =2+ A + 2\/§,subject to A+wX <4w-T+II
The solutions are
(4.%)= ((ﬁfo) ' w(ﬁw)} as

4. SOLVE THE OPTIMIZATION PROBLEMS OF FIRMS

maxH:(1+s)\/2_}A(—w}A(,)A(20
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M.A. in economic theory: microeconomics
1/21/20
TAKEHOME EXAM: ANSWERS

The solution is

2w w 2w

2 2
(X,A,H)_[(1+Sz) ,1+S,(1+s) J (15)

5. SOLVE THE EQUILIBRIUM CONDITIONS

A=A,X+X=4 (16)
By (16),(15),(14),(13) we obtain

_Sw+8w’ —2s—w-2
- 2

T

17
w 17)

O:4—X—X:%,f(w)28w3—(1+s)2w—25—2 (18)
w

Equation (18) has a unique positive solution w = w(s) ,the equilibrium real wage,

\/5(1+s)

because f(0)= f( 1

)=-25-2<0, f(1+5)>0, f(w) =24w* —(1+s)

A

145 ﬁ(1+s)/
26 Y.
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1/21/20
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. 5(s+1) . .
By (17),(18) we obtain T(s) = ,and that the set E(s) of equilibrium allocations

w(s)
contains exactly one element for each s >0 ,and therefore E(s) c P iff E(s) =P iff

PcE(s).

unique equilibrium allocation |

w= w(s) is the unique positive solution of 8w’ — (1 + 5)2 w—-25-2=0

E(s)={(X(s). A(s), X(s), A(s))} (19)

3
By (19),(12) we obtain that P =E(s) only if X(s)=(A(s)) .From (19) we obtain

X(s)—(A(s))3 = —M <0 , unless s=0.Hence

w(s)

s>0< PNE(s)=@,E(s)z P,P < E(s)
s=0< P=E(s)

(20)

The effect of the subsidy s on the real wage w(s) is obtained by differentiating (18)

. _ molies &0 U
w.r.t.s; f(w(s),s)—O Vs>0 implies 0 O +65 =0 ,i.e.

a(real wage):_ of / s _5 (1+S)w+12 >0 (21)
Os of | ow 24w2—(1+s)
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70
50
30
10
0 0 1(:)0 150 200
The effect of the subsidy s on the output A(s) is obtained by differentiating
A(s) _1vs w.r.t. s;d—A = %+%% yields
w(s) ds Os oOw Os
d(output 4(s+1
o))
ds w’ (24w2 -(s+1) )
The effect of the subsidy s on employment }A((s) is obtained by differentiating
2
A Als
(s)=( ( )> r.t.s;
2
d(employment 4(1+s)
fmpoyment) i)
ds (24w2 ~(1+s) )w3
(1+s)

The effect of the subsidy s on total real income ZU(S)X(S)-FH(S) = (1+ S)A(s) =

is obtained by differentiating it w.r.t.s;

d(real income) _ 2(1+S)2 (sw+w+5)

>0 (24)
ds wz(24w2 —(1+s)2)
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1/21/20
TAKEHOME EXAM: ANSWERS
2,25 (14 w0)
The effect of the subsidy s on equilibrium utility v(s) =u(A (s), X (S)) = w
w

is obtained by differentiating it w.r.t. s;

ili 4s(1+s

’ \/1+Sw2 (24w2 —(1+s)2)

w

T )] L] Ll ~ L} = L)

0 2 < 6 8 10

— ol Wage e utput uu'lityl

QUESTION 3

THE ECONOMY

e Two goods, A and X ,written in this order.
e One consumer
e One firm.
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TAKEHOME EXAM: ANSWERS
The Consumer

e  Consumption set R’

e Endowment vector @ =[0, X]
e Profitshare =1

e  Utility function u=calog A+ (1 — 0() log X

1/21/20

The firm produces good A out of good X with technology described by the

production function

Parameters: «,F, X .Conditions on parameters: 0<a <1,0<F< X

QUESTIONS
Answer the following questions for all allowed parameter values

o Compute all competitive equilibrium allocations E
e Compute all efficient allocations P

o First welfare theorem: For which parameter values, if any, is it true that EcP?

e Compute the set of decentralizable efficient allocations P[)E

e Second welfare theorem: For which parameter values, if any, is it true that all efficient allocations

are decentralizable, i.e. that P =E?

ANSWERS

EQUILIBRIA

aX <2F|=>E=0
aX>2F|= Y = ;—a\/X—F,E:{(A,A,X,X)},
w -

2-a 2-a

e /zz_a )_(_F’X:}_(a+2F(1—a)IX:2(1-a)(}_(—F)
—a

EFFICIENT ALLOCATIONS

Efficient allocations are the solutions of the following max problem

Page 11 of 28
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max u:alogA+(1—a)logX

subject to A < A, X + X < X, all variables >0,and 7)
) 0 if A=0
X = A

F +A7 it A>0

P={(A,A,X,5<)},A=A= 2% [X_F %= Xa+2F(1_a),X= 21-a)(X-F) 28)
2—a 2-a 2-a

By (28),(26) we conclude that

aX<2F>E=OcP+3,PzE
aX>2F=P=E

QUESTION 4

THE ECONOMY

(29)

e Two goods, 1 and 2, written in this order.
e Two consumers, A and B

Consumer A

e Consumption set Ri
e Endowment vector w, =[a,, a, ]

e Utility function u, = A,
Consumer B

e Consumption set Ri
e Endowment vector 0, =[1-¢a;,1-a,]

e  Utility function u, =B, +B,
Parameters: o, =[o,,«,].Conditions on parameters: 0<¢o, <1,i=1,2
QUESTIONS
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TAKEHOME EXAM: ANSWERS

Answer the following questions for all allowed parameter values

e Compute all efficient allocations P .Compute and draw the Pareto frontier and the utility

possibility set.

e Compute all competitive equilibrium allocations E (a) 4 )

e  First welfare theorem: For which values of @ 4 Jif any, is it true that E (a) N ) cP?

1/21/20

¢ Compute the set of decentralizable efficient allocations PN (U E (a) N )J . The union is taken

@4

over all allowed values of @ 4

e Second welfare theorem: are all efficient allocations decentralizable, i.e. is P C U E (a) A) ?

()
ANSWERS
EFFICIENT ALLOCATIONS

The set of feasible allocations

FA={(A, A, B,B,)eR!: A +A,<1,B +B, <1} (30)

is convex, and the objective functions u,,u, are concave, hence the utility possibility set

is convex, and we can compute efficient points by solving, for all values of the
parameter o €[0,1] ,the following max problem
max W=au, +(1—a)uB

31
subject to A, + A, <1,B, + B, <1,all variables >0 1)

The solutions are, after eliminating o

Efficient allocations|
P={(A, A, A,B,)eR : A +B =1,A,=0,B, =1}

Pareto frontier|
PF={(Z)A,UB)€R2 10, U, ZZIQSUA 31}

Utility possibility set| (32)
UPS={(UA,Z)B) eR*:v,+v,<2,0,<2,0, < 1}
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TAKEHOME EXAM: ANSWERS

pareto frontierv, +v,=2,0<v, <1

UPS v, +v, <20, <10, <2

v

EQUILIBRIA

1.NAME THE PRICE OF EACH GOOD

1/21/20

p, =price of good i,i =1,2

2. DEFINE CONSUMER INCOMES

MA:p1a1+p2a2,MB=p1(1—a1)+p2(1—a2) (33)
3. SOLVE THE OPTIMIZATION PROBLEMS OF CONSUMERS
max u, = A ,subjecttop, A +p,A, <M,
max u, = B, + B, ,subject top,B, +p,B, <M,
The solutions are
(Al,Az)z[ﬂ,O (34)

P1
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(O,%J if &<1
P, P,
(B,,B,)- [ﬂ,ﬂ—ﬂ}ows% it P2og @)
] oo
(%,O] it Y251
P, P,

4. SOLVE THE EQUILIBRIUM CONDITIONS

1=A+B,,1=A,+B, (36)
equilibria
1—
a +a,>1 :&:;‘1
P %
E(coA):{(,Lxl,AZ,Al,BZ)eR;1 A =1,A,=0,B,=0,B, =1} 37)
a +a,<1 P g
P
E(a)A):{(Al,A?_,Al,Bz)eRi1 A =a,+a,,A,=0,B =1-a,-a,,B, =1}

By (37),(32) E(w,)= P, Ve,

(38)

QUESTION 5

THE ECONOMY

e Three goods, A, B, X, written in this order.
e Two consumers, 1 and 2
e Two firms, o and S

Consumer 1

¢  Consumption set R’

e Endowment vector @, =[0,0, 7]
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e Profitshares 6, =[6, ,,0, /]

e  Utility function U, = B,
Consumer 2

¢  Consumption set R’
e Endowment vector @, =[0,0, X—7]

e Profitshares 6, =[1-6, ,,1-0, /]

e Utility function U, = A,

Firm o produces good A out of good X with technology described by the production

function

0 if X, <F
A= ,X, 20
2(X,-F) if X, >F

Firm B produces good B out of good X with technology described by the production
function B = Xﬂ,Xﬂ >0

Parameters: X, F, 7,0, = [6’1,0!,01,/,] .

Conditions on parameters: 0<6, ,<1,0<6, , <1,0<y< X,0<F<X

QUESTIONS
Answer the following questions for all allowed parameter values, keeping X, F fixed.

o Compute all efficient allocations P .Compute and draw the Pareto frontier and the utility
possibility set.

o Compute all competitive equilibrium allocations E (}/, 91)

)gP?

o  First welfare theorem: for which values of the parameters, if any, is it true that E (7/, 0,

e Compute the set of decentralizable efficient allocations P[) [U U E (]/, o, )] . The union is taken
Y ‘91

over all allowed values of y,6,

e second welfare theorem: for which values of the parameters }_(, F if any, is it true that all
efficient allocations are decentralizable ,i.e. that P U U E ( v, 91) ?

761

Page 16 of 28



M.A. in economic theory: microeconomics
1/21/20
TAKEHOME EXAM: ANSWERS

ANSWERS

EFFICIENT ALLOCATIONS

The set of feasible allocations

FA=FA,UFA,,x=(B, A, AX,BX,),
FA,={xeR?:A=0,A,<A,B <BX, +X,<X,X,>BX,<F| (39)

2
FA, :{xeRf :A>0,A,<AB <BX, +X,<X X, >BX, zm%}
is not convex, hence we can only use the general method for computing efficient
allocations, i.e. we solve for all values of the parameter 6, ,the following max problem

max U, =B,

40
subjecttoxe FA,U,=A, 26, 0
The solutions are
candidate efficient allocations|
x=(B, A, AX, BX,)
0,<0=>x=(X,0,0,0,X,X)
o, > Z(X—P):no max exists (41)
6, = J2(X~F) :>x:(0 \/Z(X—P),\/Z(X—F),X,0,0)
2 2 2 2
0<6, <2(X-F)=x= X—P—9—2,02,92,F+6—2,)‘(— Lz 8
2 2 2 2

Since the solutions are essentially unique for each value of ,,we obtain from (41),after

eliminating 6, ,

efficient allocations|
P=PUP.
P, ={(X,0,0,0,X,X)},x=(B, 4, AX,,BX,) (42)

= — A? A?
_ 6. / _ _n_v _ _
p+_{xER+.O<AS Z(X—F),AZ—A,Bl—B—Xﬂ—X—F— > ,Xa—F+ > }
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By (42) we obtain that the set of efficient allocations is isomorphic to a simpler set

P~PP,UPP,
PP, ={(0,0)},y=(A,X,) (43)

PP ={yeR*:0< A< [2(X-F),X, :P+A72}

efficient allocations

>

E . J2(X-F) A

We obtain the pareto frontier by eliminating A from the system

_ A? —
v,=X-F--,0,=A,0<A< [2(X-F)
2

1

Pareto frontier|

2
PF={(0,,0,)}eR*:70, =>‘<—F—(02) ,0<v, < [2(X-F)}U{(X,0)}
Utility possibility set|
UPS = UPS, UUPS,

(44)

2
UPS, ={(v,,,)} e R* : 0, S)_(—F—(v;) ,0<v, <[2(X-F))

UPS, ={(v1,02)} eR*:v,<X,v,<0}
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pareto frontier Utility possibility set
- o) = o z (Z’z)z =
% z’;:X—F——( ;) ,0<v, < [2(X-F) ! o X-F-"5—,0<0v, < 2(X-F)
- o S8 andzrls)_(,v,so
and v, =X,v, =0 =
X-F
UZ
— >
Z(X—F)
EQUILIBRIA

1.NAME THE PRICE OF EACH GOOD

p, =price of good A,p, = price of good B,w=price of good X . Normalize w =1

2. DEFINE CONSUMER INCOMES

M, =y+6,,11,+6, 11, M, =(X-y)+(1-6,,)T1,+(1-6, )11, @)
3. SOLVE THE OPTIMIZATION PROBLEMS OF CONSUMERS
max U, = B, ,subject to p,B, <M, max U, = A, ,subject top, A, <M,
The solutions are
B ="t 4, -2 6y
Ps Pa

4. SOLVE THE OPTIMIZATION PROBLEMS OF FIRMS
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0 if A=0
maxHa=

2
pAA—(P+A7] if A>0
max Hﬁ :(pB—l)B

The solutions are

M.A. in economic theory: microeconomics

EXAM: ANSWERS

1/21/20

(0,0,0) if ps <1
(B, X,.I1,)=1{(/,,0): B >0} if P =1 47)
(00,00, 00) if Py >1
(0,0,0) if p,<<v2F
(A X,,I1,)=1{(0,0,0),(v2F,2F,0)} if p,=+2F (48)
2
(P F + pAZ,pTA—F) if p,><2F
5. SOLVE THE EQUILIBRIUM CONDITIONS
A,=A,B =BX, +X,=X (49)

We start the search for equilibrium prices

Hypothesis (to be accepted or rejected): there is an equilibrium with p, >1

Consequences of the hypothesis

X, +Xﬂ = X becomes X, +oo=X

Consistency check: The hypothesis is rejected
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search for equilibrium prices

Pz 4

i1
no equilibrium

s <1p,<~2F v, <Lp, >V2F

-

JoF Pa

Hypothesis (to be accepted or rejected): there is an equilibrium with p, <1,p, <~/2F
Consequences of the hypothesis

Xa+Xﬁ =X becomes 0+0 =X

Consistency check: The hypothesis is rejected

search for equilibrium prices
Ps 4
7, >1
no equilibrium
1

ps<lp,<~2F v, <Lp, >\/'2-I-'—-
no equilibrium

>
J2F Pa

Hypothesis (to be accepted or rejected): there is an equilibrium with p, <1,p, >+2F

Consequences of the hypothesis
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A,=A,B =B,X,+X, =X become

M2 Ml

1 2 <>
—==p,,—=0,F+=-p,"+0=X,
p. s 2"

2
mn =P+ _rno —o
2 B

a

M, =y+6, 11 ,M, :()_(—7/)-1-(1—491,{2)1_[

a

Consistency check: The hypothesis is rejected

search for equilibrium prices

Pz 4

ps>1

no equilibrium

ps<l

no equilibrium

>
J2F Pa

Hypothesis (to be accepted or rejected): there is an equilibrium with p, =1,p, <~/2F
Consequences of the hypothesis

A,=A,B =BX, +X, = X become

M _
—220,%=B=Xﬁ=X,
Pa Py

I, =0,I1,=0

M1:7/1M2:(}_(_7)

Consistency check: The hypothesis is accepted iff y = X

equilibria

y=X|=0<p, <\2F,p,=1,A=A,=X,=0,B,=B=X,=X (50)

7/7&}_{ =7?
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Hypothesis (to be accepted or rejected): there is an equilibrium with p, =1,p, >2F
Consequences of the hypothesis

A,=AB =BX,+X, = X become

%sz,%:Bzxﬂ,ﬂlpAhxﬁ:)‘(,
Pa Py 2
2
m, =4 _Fm, -0
P = P,
M1=y+91a(L— J,Mzz(X—y/) (1—910!)[%—1?)
The solution is
X-y-F(1-6,, X-y-2F
pA:\/E ( . )’pB:]"Ha_ !
1+91,a 1+¢9M
+(X-2F)6
B =B=X -7 ( )1’“,1'[ =0
A 1+6,, £

(GLY)

X-y-F(1-0 X-y+20 F
A=\/E 4 ( 1'“),){&:A
1+01,a 1+¢9M

y+6,(X-2F)  2(X-y-F(1-9,,))
= , M, =
1+6?1,a 1+01,a

1

Consistency check: we substitute (51) into the system of inequalities

{BZO,Ha >0,p, z\/ZF} yields OSysX—ZF,OSFsg
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equilibria

y=X|=0<p, <J2F,p,=1,A=A,=X,=0,B,=B=X,=X

1+91,a @ ]+01,a
B =-B=X :7+(X_2F)‘91,a A=+2 X—;/—F(l—&l/a) x :X—y/+2¢91,aF
' ’ 1+6,, ' 1+6,, "¢ 146,
{§<F<X} or {OSFS%and)_(—2P<7<)_(}3?

search for equilibrium prices

Ps A

equilibrium |: py,=Lp, <2F } iffy=X

equilibrium | ps, =1,p, 22F |iff0<y <X-2F

psaél

no equilibrium

>

J2F Pa

Having exhausted the ( p A,pB) search space, we conclude from (52) that

_ X X-y-F(1-0 Xy
07<X2F,0<P<§:>pA:\/§\/ 7 1'“),;78:1,11 Xoy=2f

equilibria
y=X|=0<p, <2F,p,=1,x=(B,, A, AX,,B,X,)
E(7,0,)={xeR0:A,=A=X,=0,B =B=X,=X]

1+ QM

- A’ A’
E(;/,Hl):{xeRf:Bl =B=X,=X-F-— A, =A=p, X, :F+—}

{§<F<}_(,0£y<)_(} or {OSFﬁé and}_(—2F<7/<)_(} :>E(;/,t9]):®

_ % X-y-F(1-0 Xy
0_}/SX2F,OSFS§:>;9A:\/§\/ 7K 1'“),,93:1,11 _X-y-2F
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Equilibria do not exist iff|

B ed
AA {?FX} or {Oi?i% and X-2F<y< }?}

demand curve A7

Equilibria exist iff |
AAd =
[osf s%‘ - osys.x-z.r]

demand curve A?

= »p,

Let E=\J|JE(7.6,) By (53),(42) E(,6,) = P,Vy, V6, hence

Ve 91
(54
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and therefore
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S

s|

Decentralizable efficient allocation
55
PNE=E )
By (53)
g<P<)‘<:»15z{(0,0)} (56)
2
0<F< § =
2
_ 2 X-y-F(1-6
E= U xeRﬁ;BlzB:Xﬂzx—F—A—,AzzA:JE 7=E( 1)X
0<y<X-2F 6, 2 1+ 91,0:
(57)
By (57) 0A/ 8491,0( <0,0A /0y <0,hence the equilibrium values of A are
V2F <A<, /2(}_( - F) Finally, for y= (Xa, A) we obtain
equilibrium allocations E|
PP, if X Fex
Ex~ 2
- X
PP, UEE, if OSPSE (58)
PP, ={(0,0)}
— A’
EE = R*:\2F<A<.J2(X-F),X =F+—
L =lyeR: JAX-F). X, =F+—)

By (58),(43) we have, for y=(X_,A)
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non-decentralizable efficient allocations|

= A? X -
2., _ .
WeRMO<A£JﬂXAF)Xa—F+E% if Z<F<X 59)

P-E-= 2
A2
[yeRI:0<A<\2F, X, =F+ 7} if 0<Fs<

N | <]

P —E measures the extent of the tradeoff between equity and efficiency. Since
P c E iff P- E =& ,we obtain by (59) that the extent of the tradeoff increases in F,and

that it disappears iff F =0

\PCEiff P-E=Qiff F=0 (60)

non-decentraliz able efficient allocations|

decentralizable effident allocations|

A=X_ =0

>

-, Jz(\fi—?} A
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caseOSF(%z-

non-decentralizable

ffident allocations

D<A<OF X, =F+5

decentralizable
efficient allocations

SF<A< (2(X-F)

Xa=F+i;-
2(X-F) A
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