Answer Key to Questions from Chapter 3:
Numerical Problems
 1.
(a)
To find the growth of total factor productivity, you must first calculate the value of A in the production function. This is given by A  Y/(K.3N.7). The growth rate of A can then be
calculated as

[(Ayear 2 – Ayear 1)/Ayear 1] ( 100%. The result is:

	
	A
	% increase in A

	1960
	12.484
	—

	1970
	14.701
	17.8%

	1980
	15.319
	  4.2%

	1990
	17.057
	11.3%

	2000
	19.565
	14.7%



(b)
Calculate the marginal product of labor by seeing what happens to output when you add 1.0 to N; call this Y2, and the original level of output Y1. [A more precise method is to take the derivative of output with respect to N; dY/dN  0.7A(K/N).3. The result is the same (rounded).]

	
	Y1
	Y2
	MPN

	1960
	2502
	2529
	27

	1970
	3772
	3805
	33

	1980
	5162
	5198
	36

	1990
	7113
	7155
	42

	2000
	9817
	9867
	50


 2.
(a)
The MPK is 0.2, because for each additional unit of capital, output increases by 0.2 units. The slope of the production function line is 0.2. There is no diminishing marginal productivity of capital in this case, because the MPK is the same regardless of the level of K. This can be seen in Figure 3.8 because the production function is a straight line.
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Figure 3.8


(b)
When N is 100, output is Y  0.2(100  100.5)  22. When N is 110, Y is 22.0976. So the MPN for raising N from 100 to 110 is (22.0976 – 22)/10  0.00976. When N is 120, Y is 22.1909. So the MPN for raising N from 110 to 120 is (22.1909 – 22.0976)/10  0.00933. This shows diminishing marginal productivity of labor because the MPN is falling as N increases. In Figure 3.9 this is shown as a decline in the slope of the production function as N increases.
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Figure 3.9

 3.
(a)


	N
	Y
	MPN
	MRPN (P 5)
	MRPN (P 10)

	1
	  8
	8
	40
	80

	2
	15
	7
	35
	70

	3
	21
	6
	30
	60

	4
	26
	5
	25
	50

	5
	30
	4
	20
	40

	6
	33
	3
	15
	30



(b)
P  $5.



(1)
W  $38. Hire one worker, since MRPN ($40) is greater than W ($38) at N  1. Do not hire two workers, since MRPN ($35) is less than W ($38) at N  2.



(2)
W  $27. Hire three workers, since MRPN ($30) is greater than W ($27) at N  3. Do not hire four workers, since MRPN ($25) is less than W ($27) at N  4.



(3)
W  $22. Hire four workers, since MRPN ($25) is greater than W ($22) at N  4. Do not hire five workers, since MRPN ($20) is less than W ($22) at N  5.


(c)
Figure 3.10 plots the relationship between labor demand and the nominal wage. This graph is different from a labor demand curve because a labor demand curve shows the relationship between labor demand and the real wage. Figure 3.11 shows the labor demand curve.
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Figure 3.10
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Figure 3.11


(d)
P  $10. The table in part a shows the MRPN for each N. At W  $38, the firm should hire five workers. MRPN ($40) is greater than W ($38) at N  5. The firm shouldn’t hire six workers, since MRPN ($30) is less than W ($38) at N  6. With five workers, output is 30 widgets, compared to 8 widgets in part a when the firm hired only one worker. So the increase in the price of the product increases the firm’s labor demand and output.


(e)
If output doubles, MPN doubles, so MRPN doubles. The MRPN is the same as it was in part d when the price doubled. So labor demand is the same as it was in part d. But the output produced by five workers now doubles to 60 widgets.


(f)
Since MRPN  P ( MPN, then a doubling of either P or MPN leads to a doubling of MRPN. Since labor demand is chosen by setting MRPN equal to W, the choice is the same, whether
P doubles or MPN doubles.

6.
Since w  4.5 K0.5 N–0.5, N–0.5  4.5 K0.5/w, so N  20.25 K/w2. When K  25, N  506.25/w2.


(a)
If t  0.0, then NS  100w2. Setting labor demand equal to labor supply gives 506.25/w2  100w2, so w4  5.0625, or w  1.5. Then NS  100 (1.5)2  225. [Check: N  506.25/1.52  225.] Y  45N0.5  45(225)0.5  675. The total after-tax wage income of workers is (1 – t) w NS  1.5 ( 225  337.5.


(b)
If t  0.6, then NS  100 [(1 – 0.6) w]2  16w2. The marginal product of labor is MPN  22.5/N0.5, so N  100 [(1 – 0.6) ( 22.5/N0.5]2, so N2  8100, so N  90. Then Y  45N0.5  45(90)0.5  426.91. Then w  22.5/900.5  2.37. The total after-tax wage income of workers is (1 – t) w NS  0.4 ( 2.37 ( 90  85.38. Note that there’s a big decline in output and income, although the wage is higher.


(c)
A minimum wage of 2 is binding if the tax rate is zero. Then N  506.25/22  126.6, NS  100 ( 22  400. Unemployment is 273.4. Income of workers is wN  2 ( 126.6  253.2, which is lower than without a minimum wage, because employment has declined so much.

Analytical Problems
4.
(a)
The increased value of Helena’s home increases her wealth. The rise in wealth leads to an income effect that leads Helena to reduce her labor supply.


(b)
The permanent rise in Helena’s real wage gives rise to offsetting income and substitution effects. The income effect of the higher wage reduces Helena’s labor supply, but the substitution effect increases it. So the result is theoretically ambiguous. 

Empirically, women tend to increase labor supply in response to a permanent increase in the real wage, and men tend to reduce labor supply in response to a permanent increase in the real wage.


(c)
The temporary income tax surcharge is equivalent to a temporary reduction in the real wage, which reduces current labor supply, assuming that the income effect is smaller than the substitution effect.

