
Answer

3. a. Calculate market price under Cournot model
.
Find profit of each firm 11T

,
& IT
,
)

Firm 1 :

IT
,
= P . 9 ,

- C
,

:[ 100-19,1-927 ]q ,
- 109 ,

F. 0
.
C : Iq

,
] :

7%1--0<=7 100-29 , -92 -10=029,

97=90-92
2

Firm 2 :

IT
,
= P . 92

- (2

= 1100-19,1-9,119
,

- qi
F. 0.C : Iq

,

] = 2%2=0 ⇐7 100 - 9 , -29, -292=0792
* 100-91
92 = 4

Solve for 99 :

9.
*

=

90 -
100 - q,
4

=
260-19 ,

2 8

89
,
= 260 -19 ,

79 , = 260 ⇒ q? =
260

7
= 37.14 units

q? =

100 -2b¥
=
440

28
= 15.71 units

4

5.0.1 : H :(
"
11 1%2

'Ii it./
=

.:/



111-11 = -2

111-21 = 1-271-41 - 1-111-11=7

1Hi & 111-21 have alternate sign with negative as initial sign , and tlq, & ltq, ,
so It is always

negative definite .

therefore
, g.
*
and q? from F. 0.C is global maximum and IT

,
✗ IT
,
functions are globally concave.

Market price : D= 100 - (2670+4%0) = 100 - (2607+110)=700-370
f

= 3¥ = 47.14 units

Profit for firm 1 : IT
,
= (47.14×37.14) - (10×37.14) = 1,379.59 units

Profit for firm 2 : it
,
= (47.14×15.71) - 15.712

= 493 .

88 units
.

b. Calculate the market price and the profit that each firm gets under collusive equilibrium .

IT ' = IT
,
1- IT
,

= P - g, + P.gg - C , - Cz

= Plq , -1921 -G - Cz

= 1100 - Cq ,-19,111g , -19,1 - 10g , -9,2

= 100191+921 - 19,2+9,1+29,921 - 10g , - 95
F.0.C : Iq , ] :

JÑC

go, ,

= 0<=7100 - 29
,
-29
,
-10 = 0

g.
*
=
90 -292

2

Iq ,] :

die

zg,
= 0 ⇐> 100 - 292-29 , -292 = 0

9,
*
=

100 -2g,
4

Solve for q?

g.
*

=

go - 24°F") 90-50+91
=
40+9 ,

I 4
=

4 4

49 , = 40+9 ,

3g , = 40 ⇒ q? = = 13.33 units

100-24,0
4

=

220

92 = 12--18.33 units

-
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5.a.C : H =
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"
"
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111-21 = 1-211-41 -1-271-21 = 4

11th & 111-21 have alternate sign with negative as initial sign , and tlq, & ltq, ,
so It is always

negative definite .

therefore
, g.
*
and q? from F. 0

.
C is global maximum and IT

,
✗ IT
,
functions are globally concave

Market price : P = 100-(4,0+22,20) = 100 - (40+355) = 205

3
= 68.33 units .

Profit for firm 1 : IT
, =

P- q ,
- 10g, =

205
.

40
- 10 . 4,0 = 777.78 units .

3 3

Profit for firm 2 : IT
, = Pig, - 9,2 = 20,5 . 2,220 -12,220/2=9-16.67 units

C. The collusion equilibrium will not sustain because if a firm does not commit or sign a contract ,

a firm deviates
,
or the authorities ban collusion

,
the merge will not occur .

If firm 1 deviates from collusion
,
its profit will be the same as before merging which is

IT
, =
1,379.59 Units

.

Answer

a. Derive the market equilibrium

Equilibrium for market A

Qad = QSA or Pad = PAS



⇒ 10 - 2Qa = It QA

301A =
9

*

QA - = 9g =3 units

*

PA = 1+3=4 units .

Equilibrium for market B

Pj = PBS (⇒ 20 - Q
,
= 2 + QQB

3Qp = 18

Qp* = 18

3
= 6 units

⇒ Ppf = 2-12.6 = 14 Units .

b. When government impose unit tax on both market :

Market A

S d

Pa = PA - ta

⇒ pad - t = It QA ⇒ Pad = ItQatta

Equilibrium for market A : P.sn =P!

⇒ It Qn. + ta = 10 -QQA

⇒ 3Qa = 9 - ta

QA* =3 - ta
3

Supply PA* = It 3- ¥ = 4 - ta ; Demand Pn? = 4- tag + ta
3

Market B

Pgs = pdB- try

⇒ pd
☐
- try = 2 + QQB

d

Ppg = 2+20,
+TB

Equilibrium for market B : Psg =P!

⇒ 2+20
,
+ try = 20 - QB

3QB = 18 - try

⇒ QB* = 6 - tB



B = 20 - (6 -
t
} ) = 14 +

TB⇒ Demand P*
,

; supply Ppf = 2+2/6 - tf ) = 14 - }tB
C. Find the revenue of gov. from taxation

IT = ITA + ITB

= tax Qa* + tB✗Qp*

= tab -
t
;) -1 t, 16 -

+
B)
3

IT
.
= 3ta - ¥ + 6T

,
- tBj

d. Determine the level of ta and t
,
that maximize gov. 's revenue .

F. 0
.
C :

°"
= 0 {⇒ 3 - } ta = 0

Ota
*

ta = 9g
21T

zt,
= 0 ⇐> 6 - 3. try = 0

⇒ tp* =
18

g
= 9

5. 0
.
C : H : ( ÑAA ÑAB / = f- 43

0

ÑBA ÑBB 0 -213 /
14,1 = -213

11th = (-21311-43) - O
= 4g

since I Hit & 1h21 have alternate sign with initiative negative sign , His negative

definite
.
Also

,
for tita & ftp. ,

It is always negative definite .

therefore
,
t? and tf from F. O.C. is global maximum and IT function is globally concave

.



① 5 :
a) . Construct the profit function :

Q = 2000 + 4TH - IOP

⇒ P = 100 -1 dg A - Lo Q

CCQ ,
A) = CCQ ) + A i

CCQ)=2Q -11000

TC = 2 Q + 1000 -1 A i

IT = Px Q - TC

IT = 1000-+15 Q A - {OQ
"

- IQ - 1000 - A

Profit function : ITCQ , A) = 198+15 Fn) Q - Io Q
'

- A -1000

2) . IT = Px Q - T C

= 200010+4PTA - 20 P
"

- 4000-8517+401>-1000-A

ITCP
, A) = (2040-1.4517) P - 20102 - 8 TA - A - 5000

21T
= 0 ⇐> 2040 + 4TH - 40 P = 0 - ①

ZP

21T

ya
=o⇐,

41° ↳
- I = 0 - ②

2ft
'

TA



① ⇒ 51 -1 IOTA =P

② ⇒ 2 P - 4 - FA = 0 ⇒ A = 2P - 4

51 +
I

go
(210-4) =P

⇒ 0.810=51 -
2

5

P
= 63.25$

TA = 126.5 -6 ⇒ A = 15006.25$

To maximize the profit of the monopolist :

P*= 63.25$
,
D-
*

= 15006.25 $

•

Check for definiteness of the Hessian Matrix :

Itp = 51 + to TA - P ; IT, = 2Pa 6- FA

1

µ , (
TPP TPA

] , [
- d

sora ]
Tap Tap 2 -

d

25A

P= 63.25$ i A = 15006.25 $

H =/
→ % 450) ; /H , / = - di / It , / =L- e) f- Ygus) - (e) (Yeun)
2 - 1/245

=
10

-

2 8

+
/ It , / negative ; /Hal positive .

2450 2450=2650

⇒ at / F-63.25; 17=15006 .es/id?TLo ⇒ IT is concave ⇒ this point is local may



a. Decreasing return to scale on technology :X AQ CAA

if n= I ⇒ Q= ACK
'

+ L
'

]

increase input by 2 times Q, = A[ (2k)
"

+ (2L)
'

]

= A[ 21 ( k
•

+ Lh ) ]

0-1=2 Alk
"

+ Ld ]

Qi = 2 Q constant return to

scale

if n-- 0.4 ⇒ Q = A[Ko
's
+ (0-5)

increase input by 2. times Q , = A [ (2k)
"

't (24
" 'T

=
20-5 A [ 1<0-5 + (0-5)

Qs= I -41 Q decreasing return

to scale
Thus 0 Ch L L



b. if h= 0 - 5

increase input by 3 ⇒ Q2 =
30-5 Q

= 1.73 Q

thus increasing additional input by 2 tones

yield Q, = 1.41 Q or additional 0.41 Q

increasing additional input by 3 time

yield Q~= 1. 7-3Q or additional 1.730, -1.41Q

= 0
.
32 Q

⇒ return decreases with additional input

→ production function satisfies law of diminishingreturn .

c. Calculate MRTS of L for K

MRTS = ¥4
= o

,
fl kill = ACK

"
+ L
"

]

= AK
"

+ AL
"

NA 1h
- I

/a=Qo =
-

E'
= -

In- ,
=
L
" '

FK £-1

d. Show that MRTS is a decreasing function in L
2MRTS yin, , ,

(n- 1) Ln
-2

=
n- 1 Ln-2

←
=

⇒

smce n- l Lo and Ln-2 70

⇒ ZMRTS

I
< 0 thus MRTS decreases when Increases

e. Q= AEK
"

-117 inner

F. 0
. C :[ x ) : ZQ

21<=0 (⇒ NAK
"-1=0

ELI : ¥ :O (⇒ MAL
"'

= 0



5.0.CH:( QKK QKL

) = [MAIN- 1) K
""

o

°

nn-ln.net/QLkQulH,1-.nAln-Dk"

; since n-120 ⇒ IH
,
/ CO

11-1
,
/ = NAIN-11k

"? n Aln-17L
""
-0 = NAIN-11k

"? n Aln-171
""

since nn-ln-DKNandnaln.DE
'

are both negative ⇒ 111-1>0

And for any K, Lin condition 01h41 , 1h11 always CO ✗ 1141 always >0

So
,
It is always negative definite for all ( K ,

L)
.

Therefore
, production function is

globally concave .

f. show that Q is increasing overtime

dQ= ⇒
.

Idt + ¥ . If dt2K at

= NAK
" '

- (1-+2) dt + not In-1 . Let) dt

DQ

at
= MAK

" "
(1-+2) + hath

-1)
(et) so

⇒ Q increases overtime .

g. compute d when 7=0
dt

when 7=0 ⇒ K=3 , 1=4 ,
Q = A [3^+4"]

QQ

df
. =

NAK
" "

It +2) + nAln
- let

Alkn + (
h
)

- a

MAG
" "
(2) + nA(yin

'

(e)
A 3h + Ayn



000

since Q
= K
"I"

,
if K , L increase by 1 units

Q =
1
"3+1311<1/3143)

= IQ ⇒ constant return to scale .

I



substitute c=2

H-ap.Q-WL-kr-ilT-y-zyikt.li?wL-kr=k-#-Y--wL-kr=k-
"
[
"3-wtkr

Q=k"É

§¥=.tk#3L-2B=r-yG3F-.----jiEEs=w-zOK1B--Q.-s
substitute

-

in ② I"=¥, substitute in ①

= -13k¥}(k¥-)=r
= -311¥).is/3=w-.-;Ia=w=-;I--r=-2z-wq---L#k# = - 3¥



=
- &wqa-}_Ñ¥

2¥w = 2¥ > 0 positive relationship where the increase

in wage will cause demand for labor

to increase

§÷ =D the increase in renting doesn't
affect demand for labor



ITKK II , _¥É}[V3 g- EYE
-53

y# =
K IT, ] : ↳E:[¥ ¥É%§

1141=4-15%-43 > o

11+21 =

ÉÉ
""
- g-Etzion

= 32-1<-8%-101%-12%-9>0
since 1141 and 111-21 has positive sign so His

positive definite for all ↳ K so it is

globally minimixer where IT function is

globally convex


