
 

EE​ ​320​ ​Introductory​ ​Mathematical​ ​Economics  
Semester​ ​1/2017 

Homework​ ​2 

Due​ ​28​ ​September​ ​2017​ ​(at​ ​the​ ​BE​ ​office,​ ​before​ ​3​ ​pm) 

Note: ​We can’t return your graded homework before the midterm exam. Please            
manage to photocopy your work before you turn in. You can check your work with               
the​ ​answer​ ​keys​ ​that​ ​will​ ​be​ ​posted​ ​after​ ​the​ ​lecture. 
 
 
Question​ ​1:​​ ​IS-LM​ ​model​ ​(Matrix​ ​Algebra) 

Consider​ ​the​ ​following​ ​IS-LM​ ​model: 

Commodity​ ​market: 

 ,Y = C + I + G0 ( >​ ​0)G0   

 ,YC = a + b d  0 )( < b < 1   

 ,Y d = Y − T  

 ,YT = T 0 + t T , 0 )( 0 > 0  < t < 1   

 ,rI = I0 − k  I , k )( 0 > 0  > 0   

  

 

Money​ ​market: 

 M s = M 0  
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 ,Y rM D = m − h m , h )( > 0  > 0  

a. (2​ ​points)​ ​Write​ ​a​ ​matrix​ ​form​ ​of​ ​the​ ​IS-LM​ ​equations​ ​with​ ​​Y​​ ​and​​ ​r​​ ​as 
the​ ​endogenous​ ​variables. 

b. (2​ ​points)​ ​State​ ​the​ ​condition​ ​for​ ​the​ ​existence​ ​of​ ​the​ ​equilibrium 
national​ ​income​ ​and​ ​interest​ ​rate. 

c. (4​ ​points)​ ​Solve​ ​for​ ​the​ ​equilibrium​ ​level​ ​of​ ​national​ ​income​ ​and 
interest​ ​rate​ ​by​ ​using​ ​Cramer’s​ ​rule.  

d. (2​ ​points)​ ​Determine​ ​the​ ​rate​ ​of​ ​change​ ​of​ ​equilibrium​ ​national 
income​ ​with​ ​respect​ ​to​ ​the​ ​government​ ​expenditure​ ​(​G​)​ ​,​ ​assuming 
that​ ​everything​ ​else​ ​remains​ ​constant. 

 
 
Question​ ​2:​​ ​Market​ ​equilibrium​ ​(Matrix​ ​Algebra) 

Given​ ​the​ ​following​ ​supply​ ​and​ ​demand​ ​functions: 

00 PQd = 1 − 3  

0 P  Qs = 8 + 2  

a. (2​ ​points)​ ​Write​ ​the​ ​equilibrium​ ​condition​ ​for​ ​​ ​this​ ​market,​ ​and 
translate​ ​the​ ​system​ ​of​ ​equations​ ​into​ ​matrix​ ​notation. 

b. (2​ ​points)​ ​Use​ ​​matrix​ ​inversion​​ ​to​ ​solve​ ​for​ ​the​ ​equilibrium​ ​quantity 
and​ ​equilibrium​ ​price. 

c. (6​ ​points)​ ​Suppose​ ​that​ ​the​ ​government​ ​subsidizes​ ​the​ ​consumption​ ​of 
this​ ​good​ ​by​ ​giving​ ​the​ ​consumer​ ​$5​ ​per​ ​unit​ ​of​ ​the​ ​goods​ ​consumed. 
Write​ ​the​ ​new​ ​equilibrium​ ​condition​ ​for​ ​this​ ​market​ ​in​ ​the​ ​matrix 
form,​ ​and​ ​use​ ​​Cramer’s​ ​rule​​ ​to​ ​solve​ ​for​ ​(i)​ ​the​ ​equilibrium​ ​price​ ​paid 
by​ ​the​ ​consumer,​ ​(ii)​ ​the​ ​price​ ​received​ ​by​ ​the​ ​producer,​ ​and​ ​(iii)​ ​the 
amount​ ​of​ ​money​ ​the​ ​government​ ​needs​ ​for​ ​this​ ​subsidization. 

 
 
Question​ ​3:​ ​​Simple​ ​calculus 
 
Suppose​ ​that​ ​ x xY = x3 − 5 2 + 7 − 5  
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a. (2​ ​points)​ ​Show​ ​the​ ​domain​ ​of​ ​X​ ​where​ ​the​ ​function​ ​exhibits​ ​the 
property​ ​of​ ​an​ ​increasing​ ​function. 

b. (2​ ​points)​ ​Define​ ​the​ ​domain​ ​set​ ​of​ ​X.​ ​Is​ ​the​ ​function​ ​concave​ ​for​ ​all 
over​ ​the​ ​domain? 

c. (3​ ​points)​ ​Find​ ​all​ ​the​ ​relative​ ​extreme​ ​points/values.  
d. (3​ ​points)​ ​Find​ ​global​ ​extreme​ ​points/values​ ​if​ ​domain​ ​of​ ​X​ ​is 

restricted​ ​to​ ​be​ ​in​ ​interval​ ​of​ ​(-7,10].  
 
 
 
Question​ ​4:​ ​​Profit​ ​vs​ ​revenue​ ​function  
 

Suppose that and . Answer the  (Q) Q Q  11Q 0C =  3
1 3 − 7  2 + 1 + 5    100Q =  − P    

following​ ​questions. 
a. (2​ ​points)​ ​Find​ ​the​ ​expression​ ​for​ ​the​ ​total​ ​revenue​ ​function​ ​in​ ​terms​ ​of​ ​Q. 
b. (2​ ​points)​ ​Find​ ​the​ ​expression​ ​for​ ​the​ ​total​ ​profit​ ​function​ ​in​ ​terms​ ​of​ ​Q. 
c. (4​ ​points)​ ​What​ ​is​ ​the​ ​level​ ​of​ ​profit-maximizing​ ​output?  
d. (1​ ​points)​ ​Using​ ​the​ ​derivative​ ​concept,​ ​and​ ​calculate​ ​the​ ​elasticity​ ​of 

demand​ ​at​ ​the​ ​level​ ​of​ ​profit-maximizing​ ​output. 
e. (1​ ​points)​ ​What​ ​is​ ​the​ ​level​ ​of​ ​maximized​ ​profit? 

 
 
 
Question​ ​5:​ ​​Tax​ ​and​ ​revenue​. 
 
Let​ ​the​ ​demand​ ​function​ ​be​ ​ ​ ​and​ ​the​ ​supply​ ​function​ ​be​ ​ .4 QP = 1 − 3 Q  P = 4 + 2  
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. (1​ ​points)​ ​Find​ ​the​ ​equilibrium​ ​under​ ​pre-tax​ ​situation.​ ​That​ ​is,​ ​when​ ​“t”​ ​is 
set​ ​to​ ​equal​ ​to​ ​zero. 

b. (1​ ​points)​ ​State​ ​the​ ​condition​ ​that​ ​links​ ​between​ ​consumer’s​ ​and​ ​producer’s 
price. 

c. (2​ ​points)​ ​Find​ ​the​ ​equilibrium​ ​after​ ​tax.​ ​(Hint:​ ​your​ ​solution​ ​should​ ​be 
written​ ​in​ ​terms​ ​of​ ​“t”.) 
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d. (2​ ​points)​ ​Calculate​ ​the​ ​consumers’​ ​and​ ​producers’​ ​burden.​ ​Which​ ​group​ ​is 
paying​ ​more​ ​for​ ​the​ ​tax​ ​under​ ​the​ ​equilibrium? 

e. (2​ ​points)​ ​Find​ ​the​ ​expression​ ​of​ ​the​ ​revenue​ ​that​ ​the​ ​government​ ​can​ ​collect 
from​ ​the​ ​market​ ​under​ ​the​ ​equilibrium. 

f. (2​ ​points)​ ​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?  

 
 
Question​ ​6:​​ ​​Production​ ​function. 
 
Suppose​ ​that​ ​a​ ​firm's​ ​short-run​ ​production​ ​function​ ​is​ ​given​ ​by 

 (L) LQ = 6 2 − L3  

where​ ​​Q(L)​​ ​is​ ​the​ ​output​ ​level,​ ​and​ ​​L​​ ​is​ ​the​ ​number​ ​of​ ​workers 

a. (2​ ​points)​ ​Derive​ ​the​ ​average​ ​product​ ​of​ ​labor​ ​(​AP​L​)​ ​and​ ​the​ ​marginal 
product​ ​of​ ​labor​ ​(​MP​L​). 

b. (2​ ​points)​ ​What​ ​size​ ​of​ ​the​ ​work​ ​force​ ​(L​**​)​ ​maximizes​ ​the​ ​average​ ​output 
per​ ​labor,​ ​Q(L)/L? 

c. (2​ ​points)​ ​Use​ ​calculus​ ​to​ ​show​ ​that​ ​the​ ​​MP​L​​ ​curve​ ​must​ ​cross​ ​the​ ​​AP​L​​ ​curve 
at​ ​its​ ​maximum​ ​point. 

d. (4​ ​points)​ ​Given​ ​that​ ​the​ ​firm​ ​faces​ ​the​ ​demand​ ​function 
 Q​ ​=​ ​100​ ​-​ ​2P 

derive​ ​the​ ​marginal​ ​revenue​ ​product​ ​(​MRP​)​ ​function. 
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