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Learning Objectives for Production

After finishing this section of the module you should be able to:

1. Distinguish between the long run and the short run in production

2. Define and calculate total product, average product, and marginal product

3. State the relationship between marginal product and average product.

4. Define the law of diminishing marginal returns and state its implication

5. Use information on wage, marginal productivity, and price to determine whether a change in employment in the short run would increase profit and, if so, whether the change should be positive or negative.

6. Identify the optimal level of employment in the short run when given the marginal product function, wage, and price.

7. Use information on factor prices and marginal productivities to determine whether changes in employment in the long run would decrease total cost while maintaining output at a constant level, if so, the directions of the changes.

8. Use information on factor prices and marginal productivities to determine whether changes in employment in the long run would increase output while maintaining total cost at a constant level, if so, the directions of the changes.

9. Use information on factor prices, marginal productivities, and output price to determine whether changes in employment in the long run would increase profit and, if so, the directions of the changes.

10. Identify the effect of changes in technology and factor prices on the production function and employment levels.

Question #1: What do firms do?

Production is the relationship between inputs and output 

· Simplest Case:  Q=f(L,K) where L and K denote two factors of production

· Factors of production are also called factors, inputs, or resources

· Broad categories are labor, capital, land, and intermediate goods

· SR

· Too little time to adjust quantities of all factors

· At least one factor of production is fixed
· Simplest case:  Q=f(L,K), L is variable, and K is fixed

· When L is continuous, profit is maximized only when w = MPL
· LR

· Long enough to alter levels of employment for all factors

· All factors are variable

· When L and K are continuous, total cost is minimized given a production quota only if MPL / w = MPK / r

· When L and K are continuous, output is maximized given a budget constraint only if MPL/ w = MPK / r

· When L and K are continuous, profit is maximized only if P*MPL = w and P*MPK = r

Terminology 

· Total product of L, TPL, = Q

· Average product of L, APL, = Q/L

· Measures how much, on average, each unit of L is producing

· Q = L*APL
· Marginal product of labor

· MPL = ( Q / ( L

· Measures how much extra output is produced when the firm employs an additional unit of L, holding K constant

· ( Q = MPL * ( L

· MPL may be computed for discrete changes or, with calculus, at a point for infinitesimally small changes

· Law of diminishing returns states that MPL must eventually decrease as the value for L continually increases

· An empirical generalization of what happens as you add more and more of a variable input to a process with a least one fixed input

· Example: Office workers and copiers

· May experience negative returns but the law of diminishing returns does NOT imply that MPL must eventually become negative

· Relationship between MPL and APL
· As long as MPL > APL, then APL​ increases as L increases (by a small amount)

· When MPL < APL, then APL decreases as L increases (by a small amount)

· If MPL = APL, then APL does not change as L increases (by a small amount)

Question #2: Conceptual and Computational Question 2a, f, g, and h, p. 189-190.
The Optimal Level of Employment

· The goal is to maximize profit

· ( = TR - TC

· TR = P * Q

· TC = w * L + r * K

· Working assumptions:

· The firm sells its output in a competitive market

· The firm can sell additional output without affecting the market price

· P is constant over the relevant range

· L is purchased in a competitive factor market

· The firm can buy additional L without affecting the market wage

· w is constant over the relevant range

· Our working assumptions have two important implications

· The marginal revenue generated by employing an additional unit of L, ( TR / ( L, is P * MPL
1. ( TR / ( L = P * MPL is called the value marginal product of labor, VMPL  

2. VMPL measures how much extra revenue is produced when the firm employs an additional unit of L, holding K constant

· The marginal cost incurred when the firm employs an additional unit of L, ( TC / ( L, is w

· If L is continuous, profit is maximized only when P * MPL = w 

· If P * MPL > w then ( increases as L increases (by a small amount)

· If P * MPL < w then ( increases as L decreases (by a small amount) ​

Question #3: Suppose that w=200, r=25, P=10, MPL=100, and that all four variables are constant over the relevant range.  Fill in the following table.

	L
	K
	Q
	TR
	TC
	(
	MPL

	5
	8
	1000
	
	
	
	

	6
	8
	
	
	
	
	


Question #4: Suppose that the firm is currently employing 15 units of L, that P = $3, MPL = 10, that w=$20, and that P, MPL and w are constant and ( currently equals $100.

a. How much profit would the firm earn if L increased to 16? 

b. Decreased to 13?

Question #5: Conceptual and Computational Question 2 d, e

Question #6: Problems and Application 13

Question #7: Problems and Application 17

Production in the Long Run 

· Three possible (and interrelated) goals

· Minimize total cost of producing a desired level of output

· Maximize output given a desired level of total cost

· Maximize profit

Question #8 Suppose that w=$0.50, r=$0.25, MPL=5, MPK=2, and that all four variables are constant over the relevant range.  

a. Fill in the following table. 

	L
	K
	Q
	TC

	6
	12
	1000
	6

	7
	
	
	6

	
	
	
	

	6
	12
	1000
	6

	7
	
	1000
	

	
	
	
	

	6
	12
	1000
	6

	
	12
	
	7

	
	
	
	

	6
	12
	1000
	6

	6
	
	
	7


b. How much K must the firm forego to maintain TC at $6 when L goes from 6 to 7? 

c. What is w / r?

d. How much K must the firm forego to maintain Q at 1000 when L goes from 6 to 7?

e. What is MPL / MPK?

f. How much more output can the firm produce if it spends an additional $1 to purchase L?

g. What is MPL/w?

h. How much more output can the firm produce if it spends an additional $1 to purchase K?

i. What is MPK/r?

j. What happens to Q when the firm employs more L and less K, holding TC constant at $6?  Why?

k. What happens to TC when the firm employs more L and less K, holding Q constant at 1000?  Why?

If L and K are continuous, output is maximized given a cost constraint only if MPL / w = MPK / r
· If MPL / w > MPK / r then the firm can increase Q while holding TC constant by increasing the employment of L and decreasing the employment of K

· If MPL / w < MPK / r then the firm can increase Q while holding TC constant by decreasing the employment of L and increasing the employment of K

If L and K are continuous, total cost is minimized given a production constraint only if MPL / w = MPK / r 

· If MPL / w > MPK / r  then the firm can decrease TC while holding Q constant by increasing the employment of L and decreasing the employment of K 

· If MPL / w < MPK / r then the firm can decrease TC while holding Q constant by decreasing the employment of L and increasing the employment of K 

Implications 

· Cost minimization and output maximization are two sides of the same coin

· Both require MPL / w = MPK / r 

Question #9: Suppose that w=$6, r=$4, MPL=24, MPK=12, P = $0.50 and that all five variables are constant over the relevant ranges. Suppose further that the current employment levels are L=10 and K=30 and that Q=510.

a. Could the firm reduce its TC while maintaining output at 510?  If so, how? 

b. Could the firm increase its output while maintaining TC?  If so, how?

Question #10: Conceptual and Computational Question 5

Profit is maximized only when P*MPL = w and P*MPK = r 

· Two key assumptions

· Output is sold in a competitive market and P is constant

· L and K are purchased in competitive markets and r and w are constant

· If P*MPL > w then an increase in employment of L would increase profit

· If P*MPL < w then a decrease in employment of L would increase profit

· If P*MPK > r then an increase in employment of K would increase profit

· If P*MPK < r then a decrease in employment of K would increase profit

Production efficiency does not necessarily result in profit maximization but profit maximization does result in production efficiency

· MPL / w = MPK / r does not guarantee that both P*MPL = w and P*MPK = r

· A firm can produce its output efficiently, but produce too little or too much to maximize profit 

· The revenue generated plays no role in the decision making process for production efficiency

· P*MPL = w and P*MPK = r does guarantee that MPL / w = MPK / r

Question #11: Suppose that w=$6, r=$4, MPL=24, MPK=12, P = $0.50 and that all five variables are constant over the relevant ranges. Suppose further that the current employment levels are L=10 and K=30 and that Q=510. 

a. Is the firm producing output efficiently?

b. Is the firm maximizing profit?

Question #12: Suppose that w=$6, r=$3, MPL=24, MPK=12, P = $0.50 and that all five variables are constant over the relevant ranges. Suppose further that the current employment levels are L=10 and K=30 and that Q=510. 

a. Is the firm producing output efficiently?

b. Is the firm maximizing profit?

Question #13: Suppose that w=$6, r=$3, MPL=24, MPK=12, P = $0.25 and that all five variables are constant over the relevant ranges. Suppose further that the current employment levels are L=10 and K=30 and that Q=510. 

a. Is the firm producing output efficiently?

b. Is the firm maximizing profit?

Question #14: Problem and Application 10

The production function is not static

· Technological changes over time

· The changes will determine which factor markets are “hot” and which ones are “cold”

· An increase in MP increases the optimal level of employment of the factor and its complements and decreases the optimal level of employment of its substitutes

· A decrease in MP decreases the optimal level of employment of the factor and its complements and increases the optimal level of employment of its substitutes

Question # 15: Plastic and glue, its complement, are frequently substitutes for steel and other metal products in the production of a wide variety of goods, e.g., automobile components. Suppose that a technological improvement creates a variety of plastic that is stronger and more durable that current varieties and costs no more to produce than the current varieties.

a. How would this affect the quantity of plastic purchased by firms who produce automobile components? Explain briefly.

b. How would this affect the quantity of glue purchased by firms who produce automobile components? Explain briefly.

c. How would this affect the quantity of steel purchased by firms who produce automobile components? Explain briefly.

d. How would this affect the prices of steel and plastic? Explain briefly.

Factor prices also affect which markets are “hot”

· A decrease in the price of a factor increases the optimal level of employment of the factor and its complements and decreases the optimal level of employment of its substitutes

· An increase in the price of a factor decreases the optimal level of employment of the factor and its complements and increases the optimal level of employment of its substitutes

Question #16: Problem and Application 9
Question #17: Problem and Application 12

