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10.2  We use the following notations:  
𝒑𝟎: Price vector in City 1 
𝒑′: Price vector in City 2 (proposed change)  
𝑚0:  Ellsworth’s income in City 1  
𝑚′:  Ellsworth’s income if he moves to City 2 
u0: Utility level in City 1 
u′: Utility level if Ellsworth moves to City 2.  

The equivalent variation of moving to City 2 is 
     𝐸𝑉 =  𝜇(𝒑𝟎;𝒑′,𝑚′) −  𝜇(𝒑𝟎;𝒑𝟎,𝑚0) = e(𝒑𝟎, u′)   −  e(𝒑𝟎, u0) = e(𝒑𝟎, u′) −𝑚0. 
The compensating variation of moving to City 2 
     𝐶𝑉 =  𝜇(𝒑′;𝒑′,𝑚′) −  𝜇(𝒑′;𝒑𝟎,𝑚0) = e(𝒑′, u′)  −  e(𝒑′, u0) = 𝑚′ − e(𝒑′, u0). 
Given the utility function 𝑢(𝑥,𝑦) = min{𝑥,𝑦}, the utility-maximizing solution has to satisfy 
𝑥 = 𝑦.  Here, given 𝒑𝟎 = (1,1), 𝒑′ = (1,2), 𝑚0 = $150 , we can solve for 𝑥0 𝑎𝑛𝑑 𝑦0. 

1 ∙ 𝑥0 + 1 ∙ 𝑦0 = 2𝑥0 = 2𝑦0 = $150 
⟹ 𝑥0 = 𝑦0 = 𝑢0 = 75. 

After moving to the other city, his consumption bundle would be (𝑥′,𝑦′) such that  
1 ∙  𝑥′ + 2 ∙ 𝑦′ = 3 𝑥′ = 3𝑦′ = $150 

⟹ 𝑥′ = 𝑦′ = 𝑢′ = 50. 
Hence, 
           𝐸𝑉 =  e(𝒑𝟎, u′) −𝑚0 = 1 ∙  𝑥′ + 1 ∙ 𝑦′ − 150 = −$50  
That is, the move is equivalent to a wage cut of $50, or, A = 50.  
To maintain the original utility level at 75, Ellsworth needs to consume 75 units of 𝑥 𝑎𝑛𝑑 𝑦 each.  

𝐶𝑉 = 𝑚′  −  e(𝒑′, u0) = 150 − 1 ∙ 𝑥0 + 2 ∙ 𝑦0 = 150 − 3 ∙ 75 = −$75 
That is, he needs to get a raise of $75, or, B = 75. 
 
13.4 
a) Each farmer solves the following profit maximization problem: 

𝑚𝑎𝑥 𝑦 𝑝𝑦 − 𝑐(𝑦) = 𝑝𝑦 − 𝑦2. 
From the first order condition, we obtain 𝑝 = 𝑐′(𝑦) = 2𝑦. 
So, the supply curve of corn by each farmer is 𝑦 = 𝑝 2⁄ . 
b) The market supply is the total number of bushels supplied by all 100 identical farmers: 

𝑌 = 𝑛 ∙ 𝑦 = 100 ×
𝑝
2 = 50𝑝. 

c) In equilibrium, market supply equals to market demand: 
𝐷(𝑝) = 𝑌 ⟹ 200 − 50𝑝 = 50𝑝 ⟹ 𝑝∗ = 2. 

𝑄∗ = 𝐷(𝑝∗) = 200 − 50 × 2 = 100. 
d) The rent is the profit that a farmer earns from the land. When  𝑝∗ = 2 , each farmer’s  supply 
of corn is 𝑦∗ = 𝑝 2⁄ = 1. Therefore, the equilibrium rent on land is: 𝑝∗𝑦∗ − 𝑦∗2 = 2 × 1 − 12 =
1. 
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13.8 
a) Aggregate supply for umbrellas is the sum of the supply for the representative U.K. and U.S. 
firm. Since each firm behave competitively, the supply of each representative firm is determined 
by: 𝑝 = 𝑐′(𝑦) = 𝑦.  Then the aggregate supply is 𝑌 = 2 ∙ 𝑦 = 2𝑝. 
b) At equilibrium, market supply equals to market demand: 

𝐷(𝑝) = 𝑌 ⟹ 90 − 𝑝 = 2𝑝 ⟹ 𝑝∗ = 30 ⟹ 𝑌∗ = 60. 
c) Let 𝑝 denote the price paid by domestic consumers.  Because of the $3 tariff, the price 
received by the foreign firm is  𝑝 − 3. The price received by domestic firm is still 𝑝. 
   Thus, the supply function of the U.K. firm becomes 𝑦𝑈𝐾 =  𝑝 − 3, and the supply function of 
the U.S. firm is the same as before the tariff: 𝑦𝑈𝑆 = 𝑝.  The new market supply function is  

𝑌 = 𝑝 + 𝑝 − 3 = 2𝑝 − 3. 
In equilibrium, 

𝐷(𝑝) = 𝑌 ⟹ 90 − 𝑝 = 2𝑝 − 3 ⟹ 𝑝∗𝑡 = 31. 
That is, the new price paid by the consumers is $31.  
d) Domestic supply  𝑦𝑈𝑆 = 𝑝∗𝑡 = 31 , foreign supply  𝑦𝑈𝐾 = 𝑝∗𝑡 − 3 = 28. 
 
17.4  
This is a general equilibrium question with two agents and two goods. One agent has Cobb-
Douglas preference and the other has Leontief preference. First, we calculate the Marshallian 
demand functions of two goods of these two agents. 
Consumer A’s utility maximization problem: 

𝑚𝑎𝑥𝑥𝐴1 ,𝑥𝐴
2  𝑢𝐴 = 𝑎𝑙𝑛𝑥𝐴1 + (1 − 𝑎)𝑙𝑛𝑥𝐴2   subject to   𝑝1𝑥𝐴1 + 𝑝2𝑥𝐴2 = 𝑚𝐴. 

 where 𝑚𝐴 = 𝑝1 ∙ 0 + 𝑝2 ∙ 1 = 𝑝2.  The Lagrange function is 
ℒ(𝜆,𝒙𝑨 ) = 𝑎𝑙𝑛𝑥𝐴1 + (1− 𝑎)𝑙𝑛𝑥𝐴2  +  𝜆�𝑚𝐴 − 𝑝1𝑥𝐴

1 − 𝑝2𝑥𝐴
2 �. 

The first-order conditions are  
𝜕ℒ(𝜆,𝒙𝑨 )

𝜕𝑥1
=

𝑎
𝑥𝐴1

− 𝜆𝑝1 = 0  ⟹    
𝑎
𝑥𝐴1

= 𝜆𝑝1          (1) 

𝜕ℒ(𝜆,𝒙𝑨 )
𝜕𝑥2

=
(1 − 𝑎)
𝑥𝐴2

− 𝜆𝑝2 = 0    ⟹      
(1− 𝑎)
𝑥𝐴2

= 𝜆𝑝2        (2) 

𝜕ℒ(𝜆,𝒙𝑨 )
𝜕𝜆

= 𝑚𝐴 − 𝑝1𝑥𝐴
1 − 𝑝2𝑥𝐴

2 = 0 

(1) ÷ (2): 
𝑎 𝑥𝐴2

(1− 𝑎)𝑥𝐴1
=
𝑝1
𝑝2

     ⟹    𝑥𝐴2 =
(1− 𝑎)

𝑎
𝑝1
𝑝2
𝑥𝐴1          (3)  

Substitute (3) into the budget constraint: 

𝑝1𝑥𝐴1 + 𝑝2
(1 − 𝑎)

𝑎
𝑝1
𝑝2
𝑥𝐴1 = 𝑚𝐴 ⟹    �1 +

(1 − 𝑎)
𝑎

�𝑝1𝑥𝐴1 = 𝑚𝐴. 

  

⟹  𝑥𝐴1 =
𝑎𝑚𝐴

𝑝1
=
𝑎𝑝2

𝑝1
.               (4) 
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⟹   𝑥𝐴2 =
(1 − 𝑎)

𝑎
𝑝1

𝑝2

𝑎𝑚𝐴

𝑝1
=

(1 − 𝑎)𝑚𝐴

𝑝2
=

(1 − 𝑎)𝑝2

𝑝2
= 1 − 𝑎.           (5) 

Consumer B’s utility maximization problem is 
𝑚𝑎𝑥𝑥𝐵1 ,𝑥𝐵

2  𝑢𝐵 = min(𝑥𝐵1 , 𝑥𝐵2)    subject to   𝑝1𝑥𝐵1 + 𝑝2𝑥𝐵2 = 𝑚𝐵 
where 𝑚𝐵 = 𝑝1 ∙ 1 + 𝑝2 ∙ 0 = 𝑝1.  With a Leontief utility function, the utility-maximizing 
consumption bundle must satisfy  𝑥𝐵1 = 𝑥𝐵2. Therefore we have 𝑥𝐵1(𝑝1 + 𝑝2) = 𝑚𝐵 

⟹    𝑥𝐵1 = 𝑥𝐵2 =
𝑚𝐵

𝑝1 + 𝑝2
=

𝑝1
𝑝1 + 𝑝2

. 

In equilibrium, markets clear for both good 1 and good 2:  
𝑥𝐴1 + 𝑥𝐵1 = 𝜔𝐴1 + 𝜔𝐵

1 = 1; 
𝑥𝐴2 + 𝑥𝐵2 = 𝜔𝐴2 + 𝜔𝐵

2 = 1. 
That is, 

𝑎𝑝2

𝑝1
+

𝑝1
𝑝1 + 𝑝2

= 1 

(1 − 𝑎) +
𝑝1

𝑝1 + 𝑝2
= 1 

By Walras’ law, we need to consider the market clearing condition of one good only.  Let 𝑝1 = 1 
as a numeraire. Then we have 

(1 − 𝑎) +
1

1 + 𝑝2
= 1 ⟹

1
1 + 𝑝2

= 𝑎 

⟹ Equilibrium price:  𝑝2 =
1 − 𝑎
𝑎 . 

Hence, the general equilibrium is described as below: 

(𝑥𝐴1, 𝑥𝐴2) = �𝑎𝑝2, 1 − 𝑎� = �𝑎
1 − 𝑎
𝑎 , 1 − 𝑎� = (1 − 𝑎, 1 − 𝑎). 

(𝑥𝐵1 , 𝑥𝐵2) = (𝑎,𝑎). 

(𝑝1,𝑝2) = �1,
1 − 𝑎
𝑎

� , or equivalently,   
𝑝2
𝑝1

=
1 − 𝑎
𝑎 . 

17.6  
To keep notations clear, we shall name the two consumers as A and B, and rewrite their indirect 
utility functions as 

𝑣𝐴(𝑝1,𝑝2,𝑦𝐴) = ln 𝑦𝐴 − 𝑎𝑙𝑛𝑝1 − (1 − 𝑎)𝑙𝑛𝑝2. 
𝑣𝐵(𝑝1,𝑝2,𝑦𝐵) = ln 𝑦𝐵 − 𝑏𝑙𝑛𝑝1 − (1 − 𝑏)𝑙𝑛𝑝2. 

We use Roy’s identity to derive the Marshallian demands of consumer A: 

𝑥𝐴1 = −
𝜕𝑣1 𝜕𝑝1⁄
𝜕𝑣1 𝜕𝑦𝐴⁄ = −

−𝑎 𝑝1⁄
1 𝑦𝐴⁄ =

𝑎𝑦𝐴
𝑝1

. 

𝑥𝐴2 = −
𝜕𝑣1 𝜕𝑝2⁄
𝜕𝑣1 𝜕𝑦𝐴⁄ = −

−(1 − 𝑎) 𝑝2⁄
1 𝑦𝐴⁄ =

(1 − 𝑎)𝑦𝐴
𝑝2

. 

We use the same method to derive the Marshallian demands of consumer B: 

𝑥𝐵1 = −
𝜕𝑣2 𝜕𝑝1⁄
𝜕𝑣2 𝜕𝑦𝐵⁄ = −

−𝑏 𝑝1⁄
1 𝑦𝐵⁄ =

𝑏𝑦𝐵
𝑝1

. 
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𝑥𝐵2 = −
𝜕𝑣2 𝜕𝑝2⁄
𝜕𝑣2 𝜕𝑦𝐵⁄ = −

−(1 − 𝑏) 𝑝2⁄
1 𝑦𝐵⁄ =

(1 − 𝑏)𝑦𝐵
𝑝2

. 

The two consumers have the same endowments.  Hence, 𝑦𝐴 = 𝑦𝐵 = 𝑝1 × 1 + 𝑝2 × 1 = 𝑝1 + 𝑝2. 
The market clearing conditions are 

𝑥𝐴1 + 𝑥𝐵1 = 𝜔𝐴1 + 𝜔𝐵
1 = 1 + 1 = 2 

𝑥𝐴2 + 𝑥𝐵2 = 𝜔𝐴2 + 𝜔𝐵
2 = 1 + 1 = 2 

By Walras’ law, we need to consider only one of the two market clearing conditions.  Let 𝑝1 = 1 
as a numeraire. Substitute  𝑝1 = 1 and 𝑦𝐴 = 𝑦𝐵 = 𝑝1 + 𝑝2 into the market clearing condition of 
good 1: 

𝑥𝐴1 + 𝑥𝐵1 =
𝑎𝑦𝐴
𝑝1

+
𝑏𝑦𝐵
𝑝1

= (𝑎 + 𝑏)( 1 + 𝑝2) = 2 

⟹ The market clearing price:  𝑝2 =
2

𝑎 + 𝑏
− 1 =

2 − 𝑎 − 𝑏
𝑎 + 𝑏

 

 

17.9  
In a competitive equilibrium, each consumer maximizes his/her utility function, which implies 
the following condition for any consumer i: 

𝜕𝑢𝑖 𝜕𝑥𝑖1⁄
𝜕𝑢𝑖 𝜕𝑥𝑖2⁄ =

𝑝1
𝑝2

. 

Apply this condition to consumer 3:  
 

𝑝1
𝑝2

=
𝜕𝑢3 𝜕𝑥31⁄
𝜕𝑢3 𝜕𝑥32⁄ =

𝑥32

𝑥31
=

5
10 =

1
2. 

 
18.2  There are three goods in this economy, oil, butter and gun.  By Walras’ law, we need to 
consider the market clearing condition of two goods only. Normalize the price of oil to  𝑝𝑥 = 1.   
(a) Note that the production technologies exhibit constant returns to scale.  Thus, the only price 
that is consistent with a competitive equilibrium is the one that makes a firm’s profit to be zero.  
For firm 1, this means  

𝑝𝑔 ∙ 2𝑥 − 𝑥𝑝𝑥 = 0. 
⟹ Equilibrium price of gun: 𝑝𝑔 = 1

2�  
For firm 2, 

𝑝𝑏 ∙ 3𝑥 − 𝑥𝑝𝑥 = 0. 
⟹ Equilibrium price of butter: 𝑝𝑏 = 1

3�  
(b) To find the equilibrium consumption of guns and butter, we solve the consumers’ utility 
maximization problems.   Since each firm makes zero profit in equilibrium, a consumer derives 
his income solely from his/her endowments.  Hence, 𝑚1 = 𝑚2 = 𝑝𝑥 × 10 = 10. 
      Consumer 1’s utility maximization problem is 

𝑚𝑎𝑥𝑔,𝑏 𝑢2 = 𝑔.4𝑏.6  subject to   𝑝𝑔𝑔1 + 𝑝𝑏𝑏1 = 𝑚1. 
The Lagrange function is 

ℒ(𝜆,𝑔, 𝑏 ) = 𝑔1
.4𝑏1

.6  +  𝜆�𝑚1 −  𝑝𝑔𝑔1 − 𝑝𝑏𝑏1 �. 
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The first-order conditions are 

𝜕ℒ
𝜕𝑔1

= 0.4𝑔1−.6𝑏1
.6 − 𝑝𝑔 = 0 ⟹ 0.4𝑔1−.6𝑏1

.6 = 𝑝𝑔       (1) 

𝜕ℒ
𝜕𝑏1

= 0.6𝑔1.4𝑏1
−.4 − 𝑝𝑏 = 0 ⟹ 0.6𝑔1.4𝑏1

−.4 = 𝑝𝑏     (2) 

𝜕ℒ(𝜆,𝑔, 𝑏 )
𝜕𝜆 = 𝑚1 −  𝑝𝑔𝑔1 − 𝑝𝑏𝑏1 = 0  (3) 

(1) ÷ (2) ⟹ 𝑏1 =
𝑝𝑔
𝑝𝑏

3
2
𝑔1 

Substitute the above condition into (3):       

𝑝𝑔𝑔1 + 𝑝𝑏
𝑝𝑔
𝑝𝑏

3
2
𝑔1 = 𝑚1 

Hence,𝑔1 =
2𝑚1

5𝑝𝑔
=

20
5 ∙ 1 2⁄ = 8 , 𝑏1 =

3𝑚1

5𝑝𝑏
=

30
5 ∙ 1 3⁄ = 18. 

Consumer 2’s utility maximization problem is:  
𝑚𝑎𝑥𝑔,𝑏 𝑢2 = 10 + .5ln𝑔 + .5ln𝑏  subject to   𝑝𝑔𝑔2 + 𝑝𝑏𝑏2 = 𝑚2. 

The Lagrange function is 
ℒ(𝜆,𝑔2, 𝑏2 ) = 10 + .5𝑙𝑛𝑔2 + .5𝑙𝑛𝑏2   +  𝜆�𝑚2 − 𝑝𝑔𝑔2 − 𝑝𝑏𝑏2 �. 

The first-order conditions are 
𝜕ℒ
𝜕𝑔2

=
0.5
𝑔2

− 𝑝𝑔 = 0 ⟹
0.5
𝑔2

= 𝑝𝑔           (4) 

𝜕ℒ
𝜕𝑏2

=
0.5
𝑏2

− 𝑝𝑏 = 0 ⟹
0.5
𝑏2

= 𝑝𝑏         (5) 

𝜕ℒ
𝜕𝜆 = 𝑚2 −  𝑝𝑔𝑔2 − 𝑝𝑏𝑏2 = 0           (6) 

From (4) and (5), we obtain: 𝑏2 = 𝑝𝑔
𝑝𝑏
𝑔2.  Substitute this into (6) to obtain consumer 2’s 

consumption of guns and butter:  

𝑔2 =
𝑚2

2𝑝𝑔
=

10
2 ∙ 1 2⁄ = 10 , 𝑏2 =

𝑚2

2𝑝𝑏
=

10
2 ∙ 1 3⁄ = 15 

 
(c) The total number of guns produced and consumed in equilibrium: 𝑔 = 𝑔1 + 𝑔2 = 18. Using 
the production function 𝑔 = 2𝑥 , we find the amount of oil used by firm 1:  

𝑥𝑔 =
𝑔
2 =

18
2 = 9. 

The total amount of butter produced and consumed in equilibrium:  𝑏 = 𝑏1 + 𝑏2 = 18 + 15 =
33.  Using the production function 𝑏 = 3𝑥, we find the amount of oil used by firm 2: 

𝑥𝑏 =
𝑏
3 =

33
3 = 11. 
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Answer to the Additional Exercises 
 
1.  (a) First, we need to find the money metric indirect utility function 𝜇(𝑝; 𝑞,𝑚).  From the 
consumer’s budget constraint, we obtain: 𝑥0 = 𝑚− 𝑝𝑥1.  Using this to write the consumer’s 
utility maximization problem as: 

𝑚𝑎𝑥𝑥1𝑢 = 𝑎𝑥1 − 𝑥12 + 𝑚 − 𝑝𝑥1. 
The first-order condition is, 𝑎 − 2𝑥1 − 𝑝 = 0, which implies  

𝑥1∗ =
𝑎 − 𝑝

2
. 

Substitute 𝑥1∗ into the utility function to obtain the indirect utility function 

𝑣(𝑝,𝑚) = (𝑎 − 𝑝)𝑥1∗ − 𝑏𝑥1∗2 + 𝑚 =
(𝑎 − 𝑝)2

4 + 𝑚. 
Using that we find the expenditure function 

𝑒(𝑝,𝑢) = 𝑢 −
(𝑎 − 𝑝)2

4 . 
Then the money metric indirect utility function is  

𝜇(𝑝; 𝑞,𝑚) = 𝑣(𝑞,𝑚) −
(𝑎 − 𝑝)2

4 = 𝑚 +
(𝑎 − 𝑞)2

4 −
(𝑎 − 𝑝)2

4 . 
The compensating variation: 

𝐶𝑉 = 𝑚− 𝜇(𝑝1;𝑝0,𝑚) = 𝑚− �𝑚 +
(𝑎 − 𝑝0)2

4 −
(𝑎 − 𝑝1)2

4
� =

(𝑎 − 𝑝1)2

4 −
(𝑎 − 𝑝0)2

4 . 

The equivalent variation: 

𝐸𝑉 = 𝜇(𝑝0;𝑝1,𝑚) −𝑚 = �𝑚 +
(𝑎 − 𝑝1)2

4 −
(𝑎 − 𝑝0)2

4
� − 𝑚 =

(𝑎 − 𝑝1)2

4 −
(𝑎 − 𝑝0)2

4 . 

Note that the consumer’s income does not change (i.e., 𝑚 = 𝑚′). 
 
(b) From part (a), we see that 𝐶𝑉 = 𝐸𝑉. The result arises because the utility function is quasi-
linear.  
 
2. The money metric indirect utility function is: 

𝜇(𝑞1, 𝑞2; 𝑝1,𝑝2,𝑚) = 5 ��
𝑚
5
�
5 6⁄

�
3
𝑝1
�
1 2⁄

�
2
𝑝2
�
1 3⁄

�
6 5⁄

�
𝑞1
3
�
3 5⁄

�
𝑞2
2
�
2 5⁄

= 𝑚�
𝑞1
𝑝1
�
3 5⁄

�
𝑞2
𝑝2
�
2 5⁄

. 

(a) Here 𝑚 = 𝑚′ = 18.  The prices after the tax cut are (𝑝1′ , 𝑝2′ ) = (0.9, 0.9).  The 
compensating variation is 

𝐶𝑉 = 18 − 18 �
0.9
1
�
3 5⁄

�
0.9
1
�
2 5⁄

= 1.8. 
This number tells us that reducing the consumer’s income by 1.8 units would compensate 
him for the tax cut.  

(b) The equivalent variation is 

𝐶𝑉 = 18 �
1

0.9
�
3 5⁄

�
1

0.9
�
2 5⁄

− 18 = 2. 
This number says that the tax cut is equivalent to giving the consumer 2 units of 
additional income.  
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3. (a) First, we need to find the industry supply function.  Note that there is a fixed cost k. 
Consequently, we need to compare MC and AVC.  Since 𝑀𝐶 = 2𝑞 and 𝐴𝑉𝐶 = 𝑞, we have 
𝑀𝐶 ≥ 𝐴𝑉𝐶 for all 𝑞 ≥ 0. Thus, the entire supply function of a firm is determined by 𝑝 = 𝑀𝐶 =
2𝑞.   Solving this equation to obtain the supply function of a firm: 𝑞 = 𝑝/2.  The industry supply 
function is  

𝑄 = 𝐽𝑞 =
𝐽𝑝
2 . 

Solving the inverse demand function to obtain: 
𝑋 =

𝑎 − 𝑝
𝑏

. 
Setting 𝑋 = 𝑄 to find the equilibrium price: 

𝑝∗ =
2𝑎

2 + 𝑏𝐽
. 

(b)  With the tax, 𝑝𝑑 = 𝑝𝑠 + 𝑡.  Then 𝑋 = 𝑄 implies 
𝑎 − (𝑝𝑠 + 𝑡)

𝑏 =
𝐽𝑝𝑠

2 . 

Solving the above equation to obtain: 

𝑝𝑠 =
2𝑎 − 2𝑡
2 + 𝑏𝐽 . 

𝑝𝑑 = 𝑝𝑠 + 𝑡 =
2𝑎 + 𝑏𝐽𝑡

2 + 𝑏𝐽 . 

 
4. (a) Crusoe Inc.’s (the firm) profit is 

𝜋 = 𝑝𝑞 − 𝑤𝐿 = 2𝑝𝐿 − 𝑤𝐿. 
Note that the production technology exhibits constant returns to scale.  The only price that is 
consistent with the competitive equilibrium is the one that makes 𝜋 = 0.  Thus, 2𝑝 − 𝑤 = 0, 
which yields the equilibrium relative price: 

𝑝∗

𝑤∗ =
1
2. 

(b) Robinson’s (the consumer) budget constraint is:  
𝑝𝑥 + 𝑤𝑅 = 24𝑤 + 𝜋 

Solving Robinson’s utility maximization problem to obtain:  

𝑥 =
24𝑤 + 𝜋

3𝑝 ;    𝑅 =
2(24𝑤 + 𝜋)

3𝑤 . 

Use the equilibrium price and note that 𝜋 = 0,  

𝑥∗ =
24𝑤∗

3𝑝∗ = 16;   𝑅∗ = 16. 

Hours worked: 𝐿∗ = 24 − 𝑅∗ = 8.  
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