Brovp #
byo0% LU L A Pornchano\:

630 b0y Cariya
6304 bl 064 No.prd ch 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—bQ¢+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, Q}i 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=5+k;W +0Q3, and
P =20+k,T + 205,
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, [ assume that

() 0<0+kT)<(G+ksW) and (i) 10 + ky P, + k¥ > 5+ kW

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 k4 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,7; k, > 0.

I = 05Y — kyr; k, > 0.

Y,=Y—T

G = G,

T =T,

M® = kY — k,7; ky; >0 and k, > 0.
MS = M,

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

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*,7*)

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

given by
P.=8-bQ¢ +cP; b>0andc>0

and the equation for market supply is given by

P,=20+dQy; d>0
where P, is price of good X, P, is price of good Y, Q¢ is quantity demanded for
good X and Q} 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?

Ans . Endoacnwa varidbles : of (}ff P,

' ’

€xogenous variables : 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,

so that the market equilibrium exists?

~behtcPy = 20+d @’
- g3-bd +cPy - *
fing.. Pz 87567 21 CPy = 20t d’, + bl -2

- 4
Py = 20% da’y =0 Py = 12+dak +o o

026 S

‘¢ Resction we heegl to oloce L0
o

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

market for good x.

x d { R ok i1 expation?
QXC;&; 50*} P - 20+d .4?,+CW
@) v
¥- L‘)G*f cfy = 20+ol 0~, p: . 20btgdecdpy
dtk

g-20+cpg = Ao, ¥ b
-12¢<pY = (d"b) @?‘

a* - 1 -(-CPD
(d+b)
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d) Calculate the magnitude of the response of equilibrium quantity to the

change in exogenous variable(s).

Mogmfl’k-'r G‘T( = Izt
Ca+b)
aG{k -~ C

’a?yﬁ Atb #
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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 productx, 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 =20+ k,T + 2Q3,

where Q7 and Q3 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.

Use the information given to answer the following questions:

a. Is “product x” considered as a substitute product or a complementary

product?
d
P:10+k P, *KY-Qj
d -
r O‘j: lO"‘k|Px*kz‘4 P

10 identica| consumers = 10 (6;)

1010 + Kk Py +K,4-P)
100+ lak,PxHoxtq-mp

n

®: f: StKkwe Q) @ f:204k,T 420
S $
15 5 + KW - P Ay= 20 + K, T -p

Q%= 10 4 - z
) KyPy *+ K Py =P Q3';1o+ K Py 4 I,Y - P

L

o fProduct X 1s o Complﬁmen"‘qrﬂ ‘omd.u\c‘l' sincc 'H\t P'iCES
fom  froducer @ 4 @ intreases male Q‘; decreases.



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

() 0<(20+kT)<G+ksW) and (i) 10 + ks Py + koY > 5 + ks W
d
Oj = 10 J‘k'P*+Kzl1-P

> o

10(@;)

10 (10 ¢ K,Px + K-LY' P)

100+ 10k Py + oK Y - 0P

d ={1:(\°* KPX H KN -P) ) P Y10+ KK Py + KLY
Pgo+ K Py + K

?
?
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.

Producer § has lower reservatim than ()

has highey cost 2dvantages  among two  proqucer
s
Gl : f’~(s+l<sw) ; g:’l >0 ; P> (5+K, w)

ol <o i Ps (s+ kW)
. $
G, P-(20+k,T) L P 20 Po(erket)
2
040 , 0 Ps (o+K,T)
]
G, {\"-(“*"J)f , (204K, 7)< Pg(SHRw)

3 $
G ¢, , P> (5* kW)



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, k4 k,
Value 2 2 3 1
Variables Y P, w T
Value 5 10 10 5

0 cl0+k P+ ku-P) , P2 107 k Pt K

d
Q- {o , PSotk Btk Y
0t0 ' 05 PSC20+KTI
@ . 1 P-(ORTIxE | (k)< pg(8TRM
$, ot
o'+ Q] , P> (54 Kw)

e. Solve for the equilibrium price and quantity.
Ecku(\i\:rium \ a*- aQ

100+ 10k Pre +10K4P = (pe 5-few )t (P~20 k4 T)
2

210 +20k Px t20ky y = 23P~1km-20-k, T

P - 210 + 20k Py +20k, Yt 20kw+20+ kg T
2%

V= 10+10(20) +20(10) +2(30) ¢20 +5
%)

- 895 x* S(L ‘"M S ly e +|0'v\
S g g ST



o = (-5 -Fuw) (P20 T)
2
Qb o 9p-10-TK, W tP-10-+4T
2

P=33.91 j Q=15.54

5ub in dewsnd. cf > 106+10k Pxt 1ok, Y- 10p
= 100t 2001100 —%¢4.1
= 10.9

(P- 64w+ (p-20_ ko )

5P-10- -
0-1K W-20 4, 7

3(39.99) -l0_2(3.l0)-2,0 -5 =&
51
*-
Q' =35, 53&8



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.

Pg—-s - pd § o
| P S 5+ Kw+6 -5 =lo(l0+K"1+kz‘1-0~j)

$ _ pd
pz—s < P > 20+K+T42Q\:"5 = lO(’Oi‘ k'Pxi'Kz(f-G;)

with Subsidy
leAl-l- Q‘? = 100+lok| Px* o kz y - Ioad
3
15+ K. T+2Q, =100+10k P +lok Yy -16@d
oducer
fr Q e = 3%o
Q" = 343
dk
P = (o +4 R+ KY-a?)x 0

= (10420416 -33.63 )x | g

= 3. .
$ .y Before subs|d3

Jl.

Pe o gt oo o
pd 42 13

= $69.% '

B s

Subaid\tj o

Subsidy = $5 per unit x 33 ¢3 unit

= § 163 .19
Producey

42.17- ¢3.9438.¢3

=-14.0.5

Hter aubéiolg
33.09
63.%
£3.%

16316

consymer
(65~ 49 13 )%33 .63

= $92.2



Peoducer @

1545 +2@ = 100 +200+100 - 106
20+20-# 400-10Q.

129. = 390
G = .66%



®

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

variables included, namely Y and .

\

18 - \/ C+ 1 +86

M= 0.3 - Kr +0.5Y -KlY*Ga

Y = 0.31Y-t) - Ky 405 Ky + Gy
Y

= 0.3y - 0.3t - Kiy 405y - Kyr + 6

- 0. 3t - K.x +0.5Y ‘KJ"'GO

\{_0.3\/ -G.SY

0.2y = -0, 3t - Kr 40.5y -K,r +6
y 7 -LSt. 56, -5r (K k)4
b. Solve for the equilibrium solution (Y*,r")
> M, d

Mol

P
M3
MKYK
Q K\/Mo#

t‘,

\

(9
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Gouilibrium §y = 5T+ 550-5(’%‘/—"40)()(1+l<2)

K¢
N £ -1.5T + 56, - 5K, (’&\” M°)~SKL(’F 51 'L““j
3 Ke
N = -LsT+ 06, ~ oK N5Y + Sk Mo
¢
SKZKOY-" SKZ— Mo
Ky
Nz -1.5T +56, = 5K KoY, 6K Mo _SK, I
Kq_ K4 )(4_
. s\<2M,,
X

\ ¢ 0K K . Sk KM )57 4 5+ KM SKM
Ky Ky R

\}(H ok ke 5sz3") = -1ST#56, + 5KMo  SK,Mo
Koy Kyt Ky K

L1 ST 56+ Sk Me/y) 4 (KMo /1K)
1+ ($K1K3/)<4) + (5K, Kleq)
a = CV5TI + 580 Ky + 5K Mo + 5K, Mo) [ Ky

(o +3K) 14 5K, K3) [ Ty

q-
y* =

N
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\I'a - -—'l.STKq_ + 56’0 K4+ 5K1Mo‘f‘ EKZMo

£

144+ 5K, 1, + 5I<Zl<\5

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?)

\Ia = v'I.STKq_ "’@‘(‘ SKqMof SKZMO

Wy * SK, 1k, + Sk Ky
0y 5K,
N0, Ky + 51K, ¢ SK, K,

" NOJ Rscal POHC\/ hos not+ became Wor
effective S'Hfl(,e'rﬁlc1 omd. k, one ﬂqﬁ—in\a
bigger | y* will Aull down,

6
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a. Find the equilibrium under pre-tax situation. That is, when “t” is set to

@equal to zero. ‘t‘ = 0

Demomd = Sueely

14-3G = 4+2Q
5@ = 10
Q=29

d . ¥
. fre fow e%*’l\|L3“\’M y Q=2 3 elug Th Q& iy OG\MO'W\J ec(gvm{"aoh

14-%(g) = 14-3 ()
P g X

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

Dewand. 5 P=14-3(a)

0
Qs={ ° 0<% P< 4
P-4 , P4
2

:, The rescrwer'wn price for consumer 1S .fgq while th e

Nse\rw\hon Pk‘me ’FOr froducer iS i 4 . 'D\USJ An equihbr'lvm
Q,><'\S"tS.
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c. Find the equilibrium after tax. (Hint: your solution should be written in
terms of “t”.)

a
Tp\x on conSleer:) P= F5+—t

Equ'\\'\kr'\v‘rv\ afTer tox NES IR+t = 14-3a
5a+t -

t= lo-5q
0 d O\ /—(1'\*0\)( ot

—

S
Qﬁ ot der o @ sib 0, into demand pvnc)noﬂ

b‘e"FOPQ« +0\><) 4 (IO"'& 3) ) Fm*

4~ 3o +at Vd\#

Mt 0/ Yo S

? :40+3+

= ¢t < S JC
SU\)@ \h'} Sv‘ﬂo\\s "PUnc’ho(\ bQ'F.p(\e ’\O\X/‘ /rlr\d
ps” fTec o

P ()

= 4‘\‘ 20—2+ ;g“._z_'f
5 S




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

more for the tax under the equilibrium?

f+ ‘hN( nﬁex'\'
Tox burden = Pda T Ps s

(843« (5-24)

proolucer Qevcev(\'o\ge, - _95;_)(100 = 4‘0 %

Consvmer Qafc"“)“’“.’)‘ -~ 3100 = 60/-
5

Therefore. , Cmsumers Py move \[or ‘W\e fax unoler
the eqilibviom.



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

the market under the equilibrium.

Lo = bt g onit

Ou{-‘w\' sold QPRY Yax = 10-t wnits
S
Tax revenue = (§ 1 per wnit) (ynit qurpat Sold)
= o-t
tr (55)
H] lOt- t?.
’ S

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?

4 © e .
Pd ] “‘bQJ _ lll—-SQd t v\:o\xtvm:ltfc T(H)
¢ ot dd tyo+20 s “(E&)
-1
I(Tfu

5
IEY
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