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6% 04641167
Group Homework 1

Semester 2/2022 EE320 Introductory mathematical economics

Due date: Feb 3rd 2022 (before midnight /B.E. moodle).

Note: Late homework will not be accepted. Use the format of filename as

required; this will cost you two points if you don’t follow the instruction.

1. Consider the market for good x. Suppose that the market demand equation is

given by
P,=8—-bQf+cP; b>0andc>0

and the equation for market supply is given by

P,=20+dQ5; d>0
where P, is price of good X, P, is price of good Y, Q¢ is quantity demanded for
good X and Q3 is quantity supplied for good X. Answer the following
questions.
a) What is(are) the endogenous variable(s) in the model? What is(are) the

exogenous variable(s) in the model?
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b) Specify condition(s) under which the market equilibrium for good x is
guaranteed to exist. What restrictions do we need to place on the values of P,
so that the market equilibrium exists?

c) Solve for the equilibrium price (P;) and equilibrium quantity (Qy) of the
market for good x.

d) Calculate the magnitude of the response of equilibrium quantity to the

change in exogenous variable(s).

2. (an old midterm exam question) Consider a market with 10 identical consumers.

Each of the consumer’s demand function is given by:
P =10+ kP, + kY — Qf,

where P is the unit price of the product sold in this market, Qf is the amount of
quantity demanded by the j-th consumer, P, is the price of product x, and Y is the
level of income. Assume further that the industry is controlled by two producers,

each of whom has the following supply function:
P=54+k;W +Q7, and
P =20+ k,T +20Q3,
where Q7 and Q5 are the amount of quantity supplied by the first and second

producer, respectively. W is the price of gasoline and T is the level of technology.

All the parameters are STRICTLY positive.
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Use the information given to answer the following questions:

a. Is “product x” considered as a substitute product or a complementary
product?
b. Derive the market demand equation.
Now, I supplement two pieces of information to be used in the remaining parts of
this question. That is, I assume that

Q) 0<(20+kT)<G+ksW) and (i) 10 + ky P, + kpY > 5+ ksW

c. What does the first condition mean in terms of the relative cost advantages
between the two firms? Given your interpretation, derive the market supply
equation.

d. Given (i) and (ii), state the condition under which the market ceases to have

only single firm that stays active in the business?

Continue with the information given above, but now consider a specific case

where the value of coefficients and exogenous variables are given in the following

table:
Coefficients ky k, ks k,
Value 2 2 3 1
Variables Y P, w T
Value 5 10 10 5

e. Solve for the equilibrium price and quantity.
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f. Suppose that the government provides a subsidy of $5 for each unit of
output that the consumers have purchased. Calculate the benefit that

consumers and each of the two producers receive under the subsidy

program.

3. Consider a simple macroeconomics model given below

C = 03Y, — k,r; k, > 0.

I = 0.5Y — kyr; k, > 0.

Y,=Y—T

G = G,

T =T,

M? = kY — k,7; ks >0 and k, > 0.
M = M,

where Y = GDP, C = consumption, [ = investment, G =
government purchase, T = tax, r = interest rate, M d =

money demand, and M® = money supply

a. Write the system of linear equations in matrix form with two
variables included, namely Y and r.

b. Solve for the equilibrium solution (Y*,r")

c. Has fiscal policy, for example, the change in government purchase,
become more effective if both k; and k, are getting bigger? Show
your numerical result, and explain your result with some economic

intuitions. (Hint: how do we measure the effectiveness of a policy?)
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4. Let the demand function be P = 14 — 3Q and the supply function be P = 4 +
2Q. Suppose that the government imposes tax by $t per unit of output. This

tax is assumed to impose on consumer. Answer the following questions.

a. Find the equilibrium under pre-tax situation. That is, when “t” is set to
equal to zero.

b. State the condition that links between consumer’s and producer’s price

c. Find the equilibrium after tax. (Hint: your solution should be written in
terms of “t”.)

d. Calculate the consumers” and producers’ burden. Which group is paying
more for the tax under the equilibrium?

e. Find the expression of the revenue that the government can collect from
the market under the equilibrium.

f. If the government were to collect tax so that total revenue is maximized,
what is the appropriate level of unit tax, “t”, that it should impose to the

market?
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Queshion 1: a) What is(are) the endogenous variable(s) in the model? What is(are) the

exogenous variable(s) in the model?
Ans: Emdogewou& Varables  indude (Sld; (,QJ, and Px
Exogenous Verable indudes Py

b) Specify condition(s) under which the market equilibrium for good x is

guaranteed to exist. What restrictions do we need to place on the values of P,

Ans: Px = ¢— &d()(,{- CPY i b>0 /c>0 = pd (Qgr?(’-“@-{'OPX—P?(
b

Py =20+d0%% ; d >0 =>ms | &x = fx—20

d
Equilibrum ol = o
Px—20 _ e+tchy-Px
d b
b(Px—20) =(8+cPy-Px)d
b Px—20b = gd+ dcby— dPx
blx+dPx—90b—¢d = dc Py
(dPx—gd) + (bPx-20b)= Py
dc
A (128 + b(Px=20) = Py
Ac
(Px—g)+ b(Px-20)=py — ¢ 70 4
c

For QWOGL’X to eaist in the warket-, ¢ must not be equal or lower fhan zon

c) Solve for the equilibrium price (Py) and equilibrium quantity (Qy) of the

market for good x.

Aus: Equilibaum i (ﬂ: o
Px —20 _ g+cPy—Px
d b
bPx—20b = gd+ dcPy—dPx
bPx+tdPx = god+dcPy+20b
P (btd) = d(gtcPy)+a0b



P% = d(S+ely)taob

b+l ~
G{(ﬁcl’vﬁwb >—zo
Py = d(8+ePta0b gy in dowend egabion . o = o
o /
= sd+dcPyt20b—zo(b+d)
b+d . d
—lz
= 3dt+dcPyraohzagb—red
b+d 4
= gl/(: CPy—1l>. _1_
b+d A7
&’;2 Cfy—1z
b+d %

d) Calculate the magnitude of the response of equilibrium quantity to the

change in exogenous variable(s).

Ans : AQ* C

1t Price of qoool inveages by 41, equilibrum guankihy inceages by ﬁ unitcs). £



Quesion 22 a, Is “product x” considered as a substitute product or a complementary
product?
fus: P10 TR Prt kay-od
0% =10 +kq Pxtk,y —P

10
Market dewand = 10 (@i) | é‘\&% = 10 (10 +KqPxtK,y—P)

= 100 10k Pxt10k, Y~ 10P

poducor1 P =5 +kgh +@,

€= = 5—kyW+P d , :

; ? A —g,  Wm price of god o rifes by 41,

@%= 10 +KPx K,y P APx quanhhy demend of goodl x rises by Ky units.
producer 2 p= 20+ KgT +2Q7, v - ) A

Y sihve, yoduc bshitute..
€ —20 —kgT+ P T, Since Ky is yposive, Hae product- < is subs Htfe%6
2
&“‘f 10 +KqPx K,y —P

b. Derive the market demand equation.
Ans : &4)= 10t k,'P;("‘KL\/_P

narket Demand - (SLM= 10 (&)
= 10(1O+k1P7<+K1\/_P>
=100 + 10kq Px+10 K,y - 10%

d _

{qouwkﬁﬂkzv—m , P <10tk Ptk
o

0 % 1O+k1P7(+KL\/4\

c. What does the first condition mean in terms of the relative cost advantages

between the two firms? Given your interpretation, derive the market supply

equation.

. @5, = P—(StksW) | @70 ; p> (S+kaW)

=0 ; P< (S+ksW)

©°, = P-(204+KT)] | @70 | P> (20tKT)
2
Q=0 ; P< (10tkT)



0o+o0 , 0<P<L (20+4K,T)
Bs ™ J P-2otkeT) L, (204K, T) <P < (S4ksW)

o+ O, , P (SHksW) .

Fitsty, producor 2 has lover vetonation test- than producor 1.
Thus, producer 2 has l/\igl/Wr cost- aO(VaVl’r«Sﬂ&S amovq two producess.

d. Given (i) and (ii), state the condition under which the market ceases to have

only single firm that stays active in the business?

Ans
i {10(1O+k1Px+Kz\'—P) , P <10tk PRy

0= (@] , P~ 1O+k1P7(+KL\/

) 0+0 C0<p < (101keD
0°= Tp—(r0kgDIx L, (101K <P < (5Tkw)
05+ 0% , P77 (StTKRaW)

. For Hie marke 1o ceare ivcinding ouly single firm achve in the
business, He pice has o be more tHhan (10+ KkaT) or less than and
equal TO (S+KsW)y

e. Solve for the equilibrium price and quantity.
ks,

4 {’10(10+k1\’x+Kz\/—P) , P Lotk PxtkeY = &d = {
o= 0 , P = 10tk PxtksY

400—10P | F < 40
0 , P 2 40

0+o | 0<PSs1IS

0+0 , 0<p < (20TkeD <
= - 1S
0= P-(w*sz?X%; (10T kyT) <P < c5+kaw) = = P = ) 15 <P <35

05+ 0% ) P7 (StReW) 3p—s s P > 35
2.

Consumers would dccept &t most = ¢ 40
( Reservation priced

Prodicers woull acept st least = $ 35
( Reservahion priced

Therehre, there is market equilibium



F1 (we with only one proucer: (poducor 2)

400—10P = P —25
2
$00-20p = Pp—1S
125 = 1P
pt= 39719,

Case 1 hag N0 eqyilibvinm sine prte (p*) is 34.24  Which
more thn 35. #

#2 Care whh fvo produsors: (market equiliam)

400-10P = 3P—45
2 Then, sub in &% equation,
800 ~20P = 2P—95

o = 400 —10P
§95 = 12
v o = 400 —10(38.91)
Pr= gt &7 = 10.9 wits
. 2
P = 3%.91 &
case & 1 tase s

39.29 4

1.9410.9=1% ;

s price decreares , domad curve Flattoned out:



f. Suppose that the government provides a subsidy of $5 for each unit of
output that the consumers have purchased. Calculate the benefit that

consumers and each of the two producers receive under the subsidy

program.

Ans SMbsMy,' pP—5 = pA

o merket = 400—0p1 = P4= 40 —Q

10
@ morkef= 3PS = PP = 20495
2
>
PS—S _ Pd
20HS_ ¢ _ pd
~15 = od
2Qt45-1S =p £ guate. He
S fwo equahons,
20-+¢0 :P"\
3
Eo &df(gsi joo— = 2K +¢20
10 3

1,200-3@= 20@+ 200
1200— %00 = 238,
199=0%*

sub into P equarion,

pd' = 4001729 _ 352

Aber subsidy - Q%= 199 ik
pl’ = 38.26



CES subidy yer mit) x (unit gutput sold )

Subaioly =
= 5X 139
= 2b.95
Before Abrer
SlAbJ(dy gM[ngy
Q 10.9 11.39
pd  3gaq 065 oy
P> 389 43,26
Surmmeny

* lopmsumers vewive : ( 3.91—38.25) X 17.29 = 11.30
* Producers receive © ((43.26—3%.26) X 11.39 =15.65

2
0

\I

W
2.

o Producer 1 receives :

P—S —k3W

1l

43.26—35

P-120—-KT = 42 26—25

A

1l

226

q.1%

o Produer 2. yectives; (49.2%—2£.9) X 9.13 =

bewhit received.

(7)

consuvinesy

(45.26-38.91) X 8.2b = 35.9%

39.97

“'SOAWIS X 100

prodmcer1 = 35134 45 X 100

prduwcer 2. = 3‘1.‘12_46.0’5 X 100

R

~

>@ =54.95

13 /-
41327 ,

45687 4

1007.



Question 3+ a. Write the system of linear equations in matrix form with two

variables included, namely Y and 7.

s Or©
1S:Yy=¢ct1L+ 6
y = 0_5\/0"}6'}’4'0-5}'_'(2’,"' Go
0.3 (V=T) —kqr+ 0.5y = Kor+ Go
0.3 = 0.5T =Ky r+0.5Y - Kol +6o

-~ ~
f !

0.2y = = 0.3T ~kyv —ka¥ + o

)
y = (/o.%f-rf;o'kw—sz)%
Yy = 15T+ 56o—5r (Ky+ka)

b. Solve for the equilibrium solution (Y*,r")

Ans ; @

ﬂs = I,d
p
us =
Ho = Ksy—kyr
r+* = Ke¥—Mo
I
/—\_/\/1
KeY —M
Equilibrinm - y = —15T+ 5eo—s-< SYK 2 ).(mm
4
Yy = 15T +50, ~Sk <'<6Y’M° ) — 5k, <K6\/’""° )
ks ks
Y = —1.ST+56o— SKk3y + Shiho - 5K,k,y + 5k, Mo
K4_ |<4_
y = —1.ST+5 6o—SKksY + skiMo — SKK.V + 5K, Mo
ke ke ke ke
y + 5Kkt 5KeKsY = —4.ST45 6o + 5k1Mo + Sk, Mo
R & Fq kg
y (14 Skiks + skz’%): —1.ST+5 6o + 5k1M0 + 5K, Mo



—1.ST+5 60 + Sk‘l Mo + SK, Mo

14 Skiks, + 5 KKy
K4. k4,

_1,STk4‘+ S6Ok4+5k1 MO"'Skz_MO

kg
K4

-~
%
1l

V¥ = —1STEg+Sboky T 5k Mot sK, Ho « kg
ﬁ( K4_+§k’) k& TSkz_k3

yF = —1.5TFyxSboky T 5k Mot 5K, Mo

K4_+§k7 ks TSk?_}(3 #*

c. Has fiscal policy, for example, the change in government purchase,

become miore effective if both k, and k, are getting bigger? Show

your numerical result, and explain your result with some economic

intuitions. (Hint: how do we measure the effectiveness of a policy?)

Avis : yE = —1.5T kg +Sboky T 5k Mot 5K, Mo
Katskika tsk kg
Ay¥ _ Skq,
AGo ,(4_+§k1 kb TS&Z_;(?)

No iF is nob wore effechive becawse if Ky and ky ic qetting larger,

y* (or 60P) will fall



Qwestion 4+ . e - : ey
a. Find the equilibrium under pre-tax situation. That is, when “t” is set to

equal to zero. : t=0
A Demand = Supply
4-3Q = 4128
10 = SQ
pre—tax  equilipAum - Q=2 % — Sub info deménd equakion ;
14-3(@) = 14— 3(2)
Pr =8

b. State the condition that links between consumer’s and producer’s price

As: Dewend | P=14-2Q Supply i P= 4+ 2Q
= 14-p @'= 4
3 z
o [0 e (Q;:{:+ ﬁfi“f
14%? , 0sp<14—# o, P .

" The resenation pree For conmmer is $14, while the resenation yriee For prduccer is %4
Ty an equilibnum exists.

c. Find the equilibrium after tax. (Hint: your solution should be written in

terms of “t”.)

Fus: Tax on consumer ph= P+t

Equilbium affer taxx ; 4420t E = 14— 3&

sQtt = 10
t = lb-&®
nd._ &*a}Fi—w = fo-t
’ = . ®

¥ after fax - tub (D) Inbo denmmd funchon before tax,

14~<_1°'txs >= pt”
S

14 —30+3t — pd”

S



anralFrao(: 40t3t  _ 8+3,
) S #

S\Ab@ into S"\W'\lﬂ Punchon before faxx o And pS*after f‘;)y(‘

S*aFtax = (-t
pS el tax 4+7_<6 )

= 4+10-2t
s

T 8zy
S K

d. Calculate the consumers” and producers” burden. Which group is paying

more for the tax under the equilibrium?

IF + 2 —
AVLS'- Tao( Wydgn = Fd"’ j“ S AF tax = (%'l‘ {7>+ (g Zt’) b+g
V4 pmducw = Zx100 = 407.
S &
/. onsumer = %xwo = b0/.

- Consumer is paying more for the tax under the equilioium %

e. Find the expression of the revenue that the government can collect from

the market under the equilibrium.
hng: Tax = gt por wnit-

Outyut sold after tagx = 10—t unifs
5

Tax regenue = C %+ per unif) x  ( uni+ output Sold )
10-t

tx(5%F)

104 - -

5 #*

f. If the government were to collect tax so that total revenue is maximized,

I

¢

what is the appropriate level of unit tax, “t”, that it should impose to the

market? t* yaximizes T(E)
Ans: Pl=a-bod = 14-sad JU*:‘(ﬂ
= ctd@ = 4118 2(57)

- (&)

2(3)

=:5#

NT



