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1. P=200-Q, -Q,; TC, =1500+55Q, +QZ; TC, =1200+20Q, +2Q;
(@)

7,=PQ,~TC, =(200-Q, - Q; )Q, —500-55Q, — Q2 =200Q ,—Q2 - Q,Q, —1500-55Q2 ~Q?
= 14@A - ZQi _QAQB —1500

O =145-4Q,-Q,=0=>Q, = %(145—QB), ......... (1.1), which is the best response

A
function of A.

7y = PQg —TC, =(200-Q, —Q, JQs —1200—-20Q;, —2Q2 =180Q, —Q,Q, —3QZ —1200
s _1g0- Q,-6Q, =0=Q,= %(180— () F— (1.2), which is the best response

B
function of B.

For Nash-Cournot equilibrium, solve (1.1) and (1.2). Substituting (1.2) into (1.1), we get

1 1 1 690 690

Substituting Q, into (1.2), we get Qg = %(180— 30) = 25.

(b) Industry output=Q =Q, + Qg =30+25=55;
Form the demand equation, Price = P =200—30—-25=%$145

7, =PQ, -TC, =(145)30)— [1500+ 55(30)+ (30)* J = 4350-1500-1650-900= $300
7y = PQg —TC, = (145)25)— [1200+ 20(25)+ 2(25)° J =3625-1200-500-1250=$675

Industry profit 7 =7, + 7, =$300+$675=$975.
(© (i)
7 =1, +ms =145Q ,—2Q% —-Q,Q, —1500+180Q, —Q ,Q; —3Q2 —1200

=145Q, —2Q:-2Q,Q, +180Q, —3Q7 —300, ......... (1.3)



or

=145-4Q, —2Q, =0, .....ccvv... (1.4)

or

=180-2Q, —6Q; =0, ..rvvvvveeeen (1.5)

B

For the cartel case, solve (1.4) and (1.5). From (1.4), Q, = %(145— 2Q; ), ......(1.6)

Substituting (1.6) into (1.5), we get

180—%[145—2QB]—6QB = 0= 720-290+4Q, —24Q,=0=> 20Q, =430=Q, = 42100 =215.

From (1.6), Q, = %[145— (2)21.5)]= %Z = 25.5.

(c) (i)
From the demand equation, P =200—21.5—25.5=$153

7, =PQ, -TC, =(153)215)- [1500+ 55(25.5)+ (25.5)2J= 39015-1500—14025—650.25 = $348.75

7e=PQg —TC, = (153)21.5)- [1200+ 20(21.5)+2(21.5)° J =32895-1200-430-924.50 = $735.00.
Industry profit =z =7, + 7, =$34875+$735.00 =$108375

(c) (iii)

Additional profit made by Firm A =$34875—-$300=$48.75
Additional profit made by Firm B =$735—-$675=60

Since the additional profits made by both firms are positive, the answer is: YES.

2. Market demand is: p=150—y;y =y, +V,; c(y)=64+30y;
MC(y,) = MC(y,) = $30

@).

From the demand function, the residual demand function of Firm 1 is: p=(150-y,)-y,
= MR, = (150_ yz)_ 2y,
Profit maximizing condition, MR, = MC(y,) = (150-y,)-2y, =30=
y, =60-0.5y,, .....(2.1),
which is the best response function of Firm 1.

Similarly, the residual demand function for Firm2 is: p = (150-y,)-Y,
= MR, =(150-y, )-2y,

Profit maximizing condition, MR, = MC(y,) = (150, )—2y, =30=
y, =60-0.5y,, ...... (2.2)



which is the best response function of Firm 2.

For Nash-Cournot equilibrium, solve (2.1) and (2.2). Substituting (2.2) into (2.1) we have

y, =60-0.5(60-0.5y,) = 0.75y, =30=y, = % = 40.

From (2.2), y, =60—0.5(40) = 40.

Industry output y =y, +vy, =40+40=280

From the market demand equation, p =150-80=%70

7, = py,—¢(y,) = 70(40)— 64 —30(40) = 2800- 64 —1200= $1536
By symmetry, 7z, =$1536

(b) If Firm 1 and Firm 2 collude, they maximize joint profit.

7T =1+ 7, = PY; —C(¥;) + PY, —c(y,) = 150y, — Y, )y; —64—30y, +(150-y,-Y, )y, —64—30y,

= 7 =120y,~-Yy; —2Vy,Y, +120y, — y2 =128, ..ceevvrrrrnn. (2.3)

or =120-2y, -2y, =0=>2(y, +y,)=120=>y, + Y, =60, ........ (2.4)
1

on =120-2y, —2y,=0=>2(y, +V,)=120=y, + Y, =60,cesvce.c.. (2.5)

2

For cartel solution, solve (2.4) and (2.5). Since both firms have identical costs, they share
the market equally. From (2.4) and (2.5), y,=Y, = % =30.

Industry outputy =y, +y, =30+30=60.

From the demand equation P =150—60=$90

Industry profit 7z = py —c(y) = 90(60)— 64 —30(60) = 5400 64 —1800= $3536.

They share the profit equally. 7, =7, = %%36 =$1768

(©)

In the Nash-Cournot situation, each firm earns $1536.By contrast, in the collusion case,
each firm earns $1736. Thus each firm makes ($1768 - $1536) =$232 less in the Nash-
Cournot solution than in the collusion solution. This implies that the Nash-Cournot
solution, although individually rational, is collectively irrational because each firm earns
less in the N-C situation than it could earn in the collusion solution.

(d)

If there are n firms in the Nash-Cournot model, then Firm1’s residual demand function is:



p=[50-y, =y, .= ¥, )= ¥, -(2:6),
where y,,V,,...., ¥, is the output of Firm1, Firm2, ....., and Firm n, respectively.

Profit maximizing condition of Firml is MR,= MC,
From the residual demand equation, MR, = (150— Y, = Y3 —— yn)—2yl; MC, =30

MR, = MC, = (150—y, -y, —..— y, )= 2y, =30 = y, = 60— (2 + y32+"'+ %) 7

which is the best response function for Firm1. Since every firm has identical cost, in the
Nash-Cournot equilibrium, the equilibrium level of output will be same for all firms, i.e.,

Yi=Y,=Ys ==Y, =Y, n(2.8).

Substituting (2.8) into (2.7) we get
o= 60— Yot Yo ; +¥o) 60—% — 2y, =120~ (n-1)y, = 2y, +(n-1)y, =120=

120
n+1)=120= vy, =——
YO( ) Yo (n+1)
. S ) 120
Thus in Nash-Cournot equilibrium, each firm produces y, = m .......... (2.8)
+
So, industry output y =ny, = %
+
Price p =150— y =150— 120n _ 150n+150-120n _ 30n+150
(n+1) n+1 n+1
30n+150) 120
Each firm’ fitis: 7 = —cly, )= —64-30
ach firm’s profitis: 7 = Py, (yo) [ — j(n_'_lj Yo

=pyO—C(y0)= 30n+150Y 120 643 120 _ 120 3On+150_30 64
n+1 n+1 n+1 n+1 n+1
2
:(120 (30n+150—30n—30]_64: 120) lZO)_64:(120 64
n+1 n+1 n+1)An+1 n+1

2
Thus, 7 = (ﬁolj —-64...... (2.9)

n+

In order to find out the number of firms in the free entry equilibrium, we first find the
level of profit of each firm if there are (n+1)firms in the Nash-Cournot model. When
there are (n +l)ﬁrms, each firm’s profit is obtained by replacing “n” by (n +1)in
equation (2.9). Then each firm’s profit is:



fr:( 120 j —64:(£j —64...(2.10)

n+1+1 n+2

In (2.10), n is the smallest integer such that 7 < 0 (This implies that entry will not occur
if profit is negative). From (2.10)

2 2
ff:[£j 64<0 3[%) <64:>[120)<8 =(n+2)> %):(n+2)>15

n+2 n-+ n+2
=n>13.5S0, n=14

3.17 (p.525, Textbook)

You can solve this problem using calculus or the formulas for the linear demand and constant
marginal cost Cournot model from the chapter.

a. For the duopoly,
_ 15141 _ _15=1-2¢1) _

e 2"
p*=15-(q1+q2) =6
m=(6-1)5=25 m=(6—-2)=16. Total output is Q =5 + 4 =9. Total profit is 7z =
25+ 16 =41. Consumer surplus is CS, =1/2(15-6)9=81/2=40.5. At the efficient
price (equal to marginal cost of 1), the output is 14. The deadweight loss is
DWL,=1/2(6-1)(14-9)=25/2=12.5.

b. A monopoly equates its marginal revenue and marginal cost: MR =15 -20n=1=MC.
Thus On =17, pm=28, mn = (8 — 1)7 =49. Consumer surplus is
CS, =1/2(15-8)7=49/2=24.5. The deadweight loss is
DWL, =1/2(8-1)(14—-7)=49/2=24.5.

c. The average cost of production for the duopoly is [(5 x 1) + (4 x 2)]/(5 +4) = 1.44,
whereas the average cost of production for the monopoly is 1. The increase in market
power effect swamps the efficiency gain, so consumer surplus falls while deadweight
loss nearly doubles.

4.1 (p. 526, Textbook)

a. Using Equation 14.16, the Cournot equilibrium quantity for each of the duopoly firms is
q =(a —m)/(3b) = (150 — 60)/3 = 30. As a result, the Cournot price is p = (a +2m)/3 =
(150 + 120)/3 =90 (using Equation 14.17).

b. From Equation 14.31, we know that the Stackelberg leader’s quantity is g1 = (a —
m)/(2b) =
(150 — 60)/2 = 45. The follower’s quantity, by substituting the expression for ¢ in
Equation 14.31 into Equation 14.29, is g2 = (a — m)/(4b) = (150 — 60)/4 =22.5. Thus, the
Stackelberg equilibrium price is p = 150 — 45 —22.5=82.5.

5.3 (p. 526, Textbook)

Firm 1 wants to maximize its profit:

m = (p1— 10)g1 = (p1 — 10)(100 — 2p1 + p2).



Its first-order condition is dmi/dp1 = 100 —4p1 + p2 + 20 = 0, so its best-response function is
p, =30+ 1 p,. Similarly, Firm 2’s best-response function is p, =30+ % p,. Solving, the

Nash-Bertrand equilibrium prices are p1 = p2 = 40. Each firm produces 60 units.

5.7 (p. 526, Textbook)

a. Wawa’s profit function is: 7, =(p,, —2)(680—-500p,, +400p,).
Sunoco’s profit function is: 7 =(p, —2)(680 —500p, +400p,,).
The F.O.C. for Wawa is:
Zﬂ =680-500p,, +400p, —500(p,, —2)=400p, —1000p,, +1680 =0. Q)]
Pw

Wawa’s best response is pw = 1.68 + 0.4ps
The F.O.C. for Sunoco is:

oy
opy

=680 — 500, +400p,, — 500(p; —2) =400p,, —1000p, +1680 =0. )

Sunoco’s best response is ps = 1.68 + 0.4ps
Solving equations (1) and (2) simultaneously, we can obtain the Nash equilibrium prices:

Dy =2.8
ps =2.8.
b. With the salty snacks, Wawa’s profit function is:
7, =(py +0.25-2)(680 —500p,, +400p,).
Sunoco’s profit function is still: 7y =(p, —2)(680—500p, +400p,,).
The F.O.C. for Wawa is now:
0
aﬂ—W =680—-500p,, +400p, —500(p,, —1.75) =400p, —1000p,, +1555=0. 3)
Pw

Wawa’s best response is now pw = 1.555 + 0.4ps
The best response for Sunoco is still equation (2).

Solving equations (2) and (3) simultaneously, we can obtain the new Nash equilibrium
prices:

Py =2.65
ps =2.74.



