Economics 302
Summer 2007

Answers to Homework #2

Homework will be graded for content as well as neatness. Sloppy or illegible work will not receive full credit. This homework requires the use of Excel which is a spreadsheet program.

In your calculations, please round to the two places past the decimal wherever necessary.

1. Suppose that the production function for an economy is given by 

Y = F(K, L) = AK1/2L1/2
Where Y is output, A is the level of technology, K is capital and L is labor.

a. Suppose that A has a value of 10, K has a value of 50, while L varies from 0 to 25 units. Using Excel prepare a spreadsheet showing the possible combinations of labor, capital, technology and output that are possible for this economy. Your table should include a column for labor, a column for capital, and a column for output. I have included a sample of what the table should look like below.
	Technology
	Labor
	Capital 
	Output

	10
	0
	50
	0.00

	10
	1
	50
	70.71

	10
	2
	50
	100.00

	10
	3
	50
	122.47

	10
	4
	50
	141.42

	10
	5
	50
	158.11

	10
	6
	50
	173.21

	10
	7
	50
	187.08

	10
	8
	50
	200.00

	10
	9
	50
	212.13

	10
	10
	50
	223.61

	10
	11
	50
	234.52

	10
	12
	50
	244.95

	10
	13
	50
	254.95

	10
	14
	50
	264.58

	10
	15
	50
	273.86

	10
	16
	50
	282.84

	10
	17
	50
	291.55

	10
	18
	50
	300.00

	10
	19
	50
	308.22

	10
	20
	50
	316.23

	10
	21
	50
	324.04

	10
	22
	50
	331.66

	10
	23
	50
	339.12

	10
	24
	50
	346.41

	10
	25
	50
	353.55


b. Now, use the data you generated in part (a) to draw the aggregate production function where you will illustrate the relationship between aggregate output on the vertical axis and labor on the horizontal axis. This graph will hold technology and capital constant. Execute this graph using Excel.
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c. Now, suppose that this economy experiences a technological advance. A, the measure of technology, now has a value of 12. Redo your calculations from part (a) and with your new data, plot both the initial aggregate production function (where A = 10) and the new aggregate production function (where A’ = 12).
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d. Now, this economy finds that the value of A is 12, but that its level of capital has increased from 50 units to 60 units. Redo your calculations and generate a new graph illustrating two different production functions: one with A’ = 12 and capital equal to 50 units; and the other with A’ = 12 and capital equal to 60 units. Use Excel to do this work.
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e. Summarize briefly the effect of a change in technology or a change in capital on the aggregate production function.
An increase in technology, holding everything else constant, will cause the aggregate production function to shift upwards so that a greater amount of output can be produced from a given amount of labor. 

An increase in capital, holding everything else constant, will cause the aggregate production function to shift upwards so that a greater amount of output can be produced from a given amount of labor.
2. Let’s revisit problem one from a different perspective. Suppose that we have the same production function and that the initial value of A is 10 and the initial value of K is 50. Labor ranges from 0 units to 25 units. 
a. Using Excel calculate the marginal product of labor (MPL) for this production function. Insert a table with these values: your table should have a column for technology, labor, capital, output, and the MPL. (Hint: in your calculations just calculate to the hundredths place.) I have included a sample of what this table should look like below.
	Technology
	Labor
	Capital 
	Output
	MPL

	10
	0
	50
	0.00
	

	10
	1
	50
	70.71
	70.71

	10
	2
	50
	100.00
	29.29

	10
	3
	50
	122.47
	22.47

	10
	4
	50
	141.42
	18.95

	10
	5
	50
	158.11
	16.69

	10
	6
	50
	173.21
	15.09

	10
	7
	50
	187.08
	13.88

	10
	8
	50
	200.00
	12.92

	10
	9
	50
	212.13
	12.13

	10
	10
	50
	223.61
	11.47

	10
	11
	50
	234.52
	10.91

	10
	12
	50
	244.95
	10.43

	10
	13
	50
	254.95
	10

	10
	14
	50
	264.58
	9.62

	10
	15
	50
	273.86
	9.29

	10
	16
	50
	282.84
	8.98

	10
	17
	50
	291.55
	8.7

	10
	18
	50
	300.00
	8.45

	10
	19
	50
	308.22
	8.22

	10
	20
	50
	316.23
	8.01

	10
	21
	50
	324.04
	7.81

	10
	22
	50
	331.66
	7.63

	10
	23
	50
	339.12
	7.45

	10
	24
	50
	346.41
	7.29

	10
	25
	50
	353.55
	7.14


b. Now, graph the MPL with output on the vertical axis and labor on the horizontal axis.
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c. Describe in words what happens to the MPL as labor increases, holding everything else constant. Provide an intuitive explanation for your conclusion.

As labor increases holding capital and technology constant, the MPL decreases. As the amount of labor increases, each unit of labor has less capital to work with and is therefore less productive.

d. Now, redo your calculations from part (a), but with capital equal to 75 units. Provide a table with a column for technology, a column for labor, a column for capital, a column for output, and a column for MPL. I have included a sample of what this table should like below.
	Technology
	Labor
	Capital 
	Output
	MPL

	10
	0
	75
	0.00
	

	10
	1
	75
	86.60
	86.6

	10
	2
	75
	122.47
	35.87

	10
	3
	75
	150.00
	27.53

	10
	4
	75
	173.21
	23.21

	10
	5
	75
	193.65
	20.44

	10
	6
	75
	212.13
	18.48

	10
	7
	75
	229.13
	17

	10
	8
	75
	244.95
	15.82

	10
	9
	75
	259.81
	14.86

	10
	10
	75
	273.86
	14.05

	10
	11
	75
	287.23
	13.37

	10
	12
	75
	300.00
	12.77

	10
	13
	75
	312.25
	12.25

	10
	14
	75
	324.04
	11.79

	10
	15
	75
	335.41
	11.37

	10
	16
	75
	346.41
	11

	10
	17
	75
	357.07
	10.66

	10
	18
	75
	367.42
	10.35

	10
	19
	75
	377.49
	10.07

	10
	20
	75
	387.30
	9.81

	10
	21
	75
	396.86
	9.56

	10
	22
	75
	406.20
	9.34

	10
	23
	75
	415.33
	9.13

	10
	24
	75
	424.26
	8.93

	10
	25
	75
	433.01
	8.75


e. Provide a graph of both MPLs (on the same graph): the first MPL should have A = 10 and capital equal to 50 units; while the second MPL should have A = 10 and capital equal to 75 units. Put output on the vertical axis and labor on the horizontal axis.
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f. Describe in words what happens to the MPL when capital increases while labor and technology are held constant. Provide an intuitive explanation to support your conclusion.

The MPL increases when capital increases holding the amount of labor and the level of technology constant. As the level of capital increases while holding labor constant, each unit of labor has more capital to work with and should therefore be able to contribute more output.

g. Let’s do one more thing with this example. Consider the two scenarios we are working with: 1) A = 10, K = 50 and labor varies from 0 to 25 units; and 2) A = 10, K = 75, and labor varies from 0 to 25 units. Generate a table that displays the level of labor productivity for each scenario at each level of labor that is possible. 
	
	First Scenario
	
	
	Second Scenario

	Labor
	Labor Productivity
	Labor
	Labor Productivity

	0
	XXX
	
	0
	XXX

	1
	70.71
	
	1
	86.60

	2
	50.00
	
	2
	61.24

	3
	40.82
	
	3
	50.00

	4
	35.36
	
	4
	43.30

	5
	31.62
	
	5
	38.73

	6
	28.87
	
	6
	35.36

	7
	26.73
	
	7
	32.73

	8
	25.00
	
	8
	30.62

	9
	23.57
	
	9
	28.87

	10
	22.36
	
	10
	27.39

	11
	21.32
	
	11
	26.11

	12
	20.41
	
	12
	25.00

	13
	19.61
	
	13
	24.02

	14
	18.90
	
	14
	23.15

	15
	18.26
	
	15
	22.36

	16
	17.68
	
	16
	21.65

	17
	17.15
	
	17
	21.00

	18
	16.67
	
	18
	20.41

	19
	16.22
	
	19
	19.87

	20
	15.81
	
	20
	19.36

	21
	15.43
	
	21
	18.90

	22
	15.08
	
	22
	18.46

	23
	14.74
	
	23
	18.06

	24
	14.43
	
	24
	17.68

	25
	14.14
	
	25
	17.32


h. Summarize the effect of a change in capital on labor productivity, holding everything else constant.

As you can see from the above table when capital is increased this increases labor productivity for a given amount of labor. More capital provides labor with greater amounts of plant and equipment to work with when producing goods and services and hence, this additional capital leads to increases in labor productivity.

3. You are given the following information about an economy. Its aggregate production function can be described with a Cobb-Douglas production function where labor’s share of output is .75 and capital’s share of output is .25. Furthermore, you know that this economy has 100 units of capital and its available technology measure has a value of 4. Currently, there are 350 people living in this economy who are 16 years old or older. Of this group of 350 people, 30 are voluntarily idle, institutionalized, or retired; there are also 20 people in the group of 350 who are looking for work, but have not yet been successful in finding employment. This economy has no military. (Hint: for this question assume that the amount of labor available in this economy equals the number of people working.)
a. What is the current employment rate in this economy?

Employment Rate = (Number of Employed)/(Labor Force) * 100 = (300/320)*100 = 93.75%

b. What is the labor force participation rate in this economy?

Labor Force Participation Rate = (Labor Force/Adult Civilian Population)*100 = (320/350)*100 = 91.42%

c. What is the level of aggregate production equal to in this economy?

Y = AK.25L.75 = 4*100.25300.75 = 911.80
d. What is labor’s income in this economy?

Labor’s share of income is 75% of total income or .75(911.80) = 683.85
e. What is capital’s income in this economy?

Capital’s share of income is 25% of total income of .25(911.80) = 227.95 or you can find it by subtracting labor’s share of income from the aggregate income level, 911.80 – 683.85 = 227.95.

f. Holding everything else constant, if the available technology measure changes to 5, what will be the change in labor income in this economy?

Y = AK.25L.75 = 5*100.25300.75 = 1139.75, so the share of income that labor receives is .75(1139.75) = 854.81, and the change in labor income is 854.81 – 683.85 = 170.96.
4. You are the central banker for an economy. You know that the economy’s production can be described using a Cobb-Douglas production function where the value of A is 10, the initial value of capital is 1000 units, and the initial value of labor is 500 units. You also know that labor’s share of aggregate output is equal to 40%. In this economy k, the proportion of income that people want to hold as cash, is equal to .1. 
a. What is the initial level of aggregate income in your economy? Assume that you are using a classical model, where labor, capital and technology are constant, to calculate this value. Show your work.
Y = AK.6L.4
Y = (10)(1000).6(500).4
Y = 7578.58

b. Suppose the initial value of the aggregate price level (the GDP deflator) is 100. What is the initial level of the money supply in your economy if the money market is in equilibrium where money supply equals money demand? Show your work.
Money Supply = Money Demand in equilibrium

Money Supply = M

Money Demand = kPY

M = kPY

M = (.1)(PY)

But, PY= (100)(7578.78) = 757878.00 = this is the value of nominal output

So, M = .1(757878.00) = 75787.80

So, if the money market is to be in equilibrium then the money supply must equal 75787.80 (which is one-tenth of the value of nominal GDP-exactly what you would expect given that k equals .1)

c. Now, suppose that labor in your economy grows by 2% a year as does capital. Also, assume that k stays constant as does the level of technology. If you as the central banker want to keep the aggregate price level constant at 100 for each of the next five years, what adjustments will you need to make in the money supply? To answer this question first figure out what is happening to real GDP in each of the five years, and then calculate your nominal GDP in each of the five years. Then calculate what the level of the money supply must equal in order for the money market to be in equilibrium in each of the five years with the aggregate price level equaling 100. Summarize your findings in the following table.
	Year
	Money Supply

	Initial Level
	75785.83

	Year 1
	77301.54

	Year 2
	78847.58

	Year 3
	80424.53

	Year 4
	82033.02

	Year 5
	83673.68


d. Using the data you calculated in part (c) and the information given in part (c), calculate what the rate of growth of the money supply needs to be in order for the aggregate price level to remain constant over the next five years in your economy.
	Year
	Money Supply
	growth rate of money supply

	Initial Level
	75785.83
	XXX

	Year 1
	77301.54
	2.00

	Year 2
	78847.58
	2.00

	Year 3
	80424.53
	2.00

	Year 4
	82033.02
	2.00

	Year 5
	83673.68
	2.00


e. Now, a junior economist at the central bank comes to you and tells you that the research unit at the central bank no longer anticipates that k will stay constant over the next four years. Instead you are told that k over this period will range from .08 to .12. How does this complicate your decisions with regard to the money supply if your goal is to maintain stable prices over the period? (Hint: you might find it helpful to use Excel and calculate what happens to the aggregate price level for your calculated values of nominal GDP, the money supply figures you calculated in part (d),  and a k value of .08. Then, repeat this experiment using a k value of .12.)
This complicates monetary policy since k is no longer a predictable constant: the central bank will need to fine tune the money supply as information comes in about k and about the aggregate price level. If the aggregate price level is rising above 100 (this will happen when k is lower than .1), then the money supply will need to be decreased in order to maintain a stable aggregate price level. Conversely, if the aggregate price level is falling below 100 (this will happen when k is greater than .1), then the money supply will need to be increased in order to maintain a stable aggregate price level.
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