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Assignment 4 EE320 (Section Aj� Kittichai) 

Due on Nov�, 26th 2020 

Instruction 

1) All groups must attempt question 0� 
2) Odd-numbered group must attempt all odd-numbered questions�  
3) To submit your homework, write your filename as follow hw4_Group_0x� One point will be 

deducted if you donut follow the format of suggested filename�  

 

Question 0� (Three-variable optimization) 

Suppose that there are three firms. Each firm produces one single product that is imperfectly 
substitutable to the other two products, i.e. differentiated products. Each of the firm strategically 
competes with each other, and faces the following market demand equations given by, 

𝑄1 ൌ 80 െ 2𝑃1 ൅ 𝑃2ଷ   

𝑄2 ൌ 80 െ 2𝑃2 ൅ 𝑃1ଷ 

𝑄ଷ ൌ 80 െ 2𝑃ଷ ൅ 𝑃12 

where 𝑃2ଷ is the average of the prices charged by firms 2 and 3, 𝑃1ଷ is the average of the prices charged 
by firms 2, 𝑃12 is the average of the prices charged by firms 1 and 2 [e.g., 𝑃12 ൌ 0.5ሺ𝑃1 ൅ 𝑃2ሻሿ.  
Suppose that each of the three firms, as indexed by j, has the cost function given by 𝐶௝൫𝑄௝൯ ൌ 𝑐௝𝑄௝ . 

Consider the following problems� 

a) Set up the profit function of each individual firm, and derive the profit-maximizing condition 
of each of the three firms when each of them optimally sets for the level of price that maximizes 
its own profit�  (Hint�  Derive the best response function of each firm, i�e�  optimal contingent plan or reaction 
function�) 

b) Suppose that Based on (a), what would be the equilibrium level of price that each of the firms 
choose�  Calculate the level of profit that each firm yields�  (Hint�  Solve for the Bertrand equilibrium 

with differentiated product)  
c) How does the optimal price vary with respect to the size of marginal cost? 

Now suppose that all the three firms agree to operate under a cartel (collusive)  agreement�   That is, 
they consider a joint pricing scheme that maximizes the joint profit function of the three firms 
combined� Consider the following problems� 

d) Construct the joint profit function� 
e) Given that 𝑐௝ ൌ 𝑐, ∀𝑗. Calculate the level of optimal price setting that each of the firm will set 

under the joint profit function problem�  Confirm your result with the second-order derivative 
test� 

f) Is the Cartel agreement self-sustaining? Why? 



Gii 240 - BP -1317

IT
,
i P

, 180 - Z P
, -10.5Pa -10,5 Pg ) - 1,180- ZP, -10.5Pa -10.5 Pg )

JH,

Jp
,

= 80 - 4P, -10,513 -10.513 +2C ,
-

- O

- 417, :
- 80 -0.513 - 0.5Pg - 21 ,

P
,
= go -10.513

, -10.513 -12C ,

4

13=801-0.513+4.5131-212 { sine function of a .
. .. , is the game

Pg : 80 -10,5 P , -10.5Pa -1213
4

P
,
= 8¥ , Ey ( 80+0.5%440.513+24 ) +0¥ ( 80*0.51

'
. -104513+213 ) + 2¥

p
,
= 20 +

40+0,25 P , -10.2513+12+401-0.25 P, -10.25 Pz 1- Cz 2C ,

t
lb lb 4

P
,
- oil, =

400+0.25132-10.25 Pz -112-113-181 ,

I b

p
,
= 400+0.25132-10

; }?43+12-113+81 ' y



p
,
- 400+0.2517-10

; }?} ,
+ " "3+812 { since function Q

. ,z , }
is the same

pg = 400+0.2517 -10

; }?},
-11

,
-11
, -1813

DP.
.
Pz
,
P3

I
= ¥5.5 meaning that 1$ increase in me = Kiss $ increase in Price for all 3

firm

Qt -- Q ,tQztQz = 240 - BP -1310

IT : 24Op- bp
'

-1310
'
- C

,
180 - P) - 1,180 - P ) - 13180 - P)

I

get = 24017-3172-2401+311'
g. o . ,

-

. OH"

j Tet Tap
: - b so i

.
Hence function is concave

Tp
-

- 240 - BP -13C =o
so we have maximum profit

p : 240-131
- (All 3 firm use same price under cartel )

6

Yes
,

since the M1 of all firm are the same
,
there

would not be any firm with more power to exploit
the market

.

If one firm decide to undercut price , all firm
will follow and lead to price finally at MC . Hence giving no

economic for every firm if they decide to cheat
.



If Mi varied too much
,
the collusive equilibrium would not

be possible because one firm will have too much power
over the other

,
and can lower theirs price to be a little

below the others to drive them out
.
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