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Economics 101        Total and Marginal Productivity Curves of Labor & Wages       Prof. Dohan

Production functions related inputs to output for any given set of technologies. If we hold all inputs and technologies at a constant level (the ceteris paribus assumption) except labor, we can derive the change in total physical product from adding another unit of labor. This is the same thing as measuring the marginal physical products from adding the n+1th  unit of labor, given that we are already using “n” units of labor.  Mathematically, if the changes were infinitely small at a point, it would be the tangent of the line at that point, or the first derivative of the function at the point (if the function were continuous). 


Imagine your farm is a fixed plot of land on which you grow tomatoes; let’s say, 1 acre or about 215 by 215 ft. (a bit less than ½ hectare). One acre is not very big. Assume you are already using 5 workers to plant, weed, water, and pick the tomatoes. Everything is pretty well done. All the weeds have been pulled, the fertilizers and pesticide are applied, etc. 


When you add the 6th worker, output may go up a bit because he handpicks off some insects and beetles, and pulls out any plants with fungus so the fungus doesn’t spread. Finding work for the 7th workers is hard, but you ask him to go around and stake up the tomato plants, so they get more air. Output goes up just a little bit more. Why so little?


  Because since all the other inputs are fixed:  seed, fertilizers, pesticides, hoes and shovels, water, baskets, and the amount of land, the earlier workers used these fixed inputs to do tasks that have the highest marginal product first. Digging up the ground to aerate it and mixing in the fertilizers, picking out all the weeds, planting the seed the right distance apart, watering just the right amount. Then spraying on pesticides at the right time.  Not even enough work for five workers really. So when you add the 6th and 7th worker you are really running into the law of diminishing marginal product because some or all of your other inputs are fixed. This is a ubiquitous law applying to almost every activity.

Imagine what happens to the marginal product of extra workers when you are painting room, or repairing a car, or sewing a dress, or babysitting three children or cleaning a building.  Eventually, the extra benefit from having another worker gets smaller.  This is called the law of diminishing marginal product if you are producing something, or  the law of diminishing marginal utility if you are consuming something (chocolate, steak, fine champagne or cheap beer) or more generally, the law of diminishing marginal benefit of engaging in more of an activity (air pollution control, or more military forces).







PROBLEMS




1. On the next page, use Table 1 to calculate the Marginal (Physical) Product of Hiring Each Additional (N+1) worker to work  on the fixed plot of land to grow tomatoes. Write it in the 3rd column.  Note that there is NO marginal product at the “0”unit of workers.  The marginal product of the first worker is the difference in total product produced by “0” workers (=0) and the total product produced by the first worker (=100).  Since the total product produced by the 1st and 2nd workers together is 190, the marginal product of the second worker is _____

2.  On Figure 1, plot the total product produced by 1 workers, 2 workers, 3 workers,…n workers.

3.  On Figure 2, plot the marginal product produced by the 1st worker, the 2nd worker, the 3rd worker all
      the way out until the 9th worker. 

4,  What is the marginal product of the 9th worker.   
5.   If you owned the plot of land and wanted to maximize your profits (measured in terms of tomatoes
      left after paying the workers their wages in bushels of tomatoes,  



a.  How many workers would you hire if the standard wages were 35 bushels per worker?




Draw the wage line (actually the marginal cost of one more worker) on the Figure 2




What would be total product (output)? 




What would be total wages paid to the workers hired?




What would be your profit in terms of net tomatoes?



b.  Someone convinces you to hire 8 workers to maximize output)




What would be total product (output)? 




What would be total wages paid to the workers hired?




What would be your profit in terms of net tomatoes? 

More problems on next page

	Labor

Number of workers “n”
	Total

Product

Total Bushels of Tomatoes produced by “n” workers
	Marginal Product Additional Bushels of Tomatoes from the n+1 worker



	0
	0
	

	1
	100
	100

	2
	190
	 90

	3
	270
	 80

	4
	330
	 60

	5
	380
	 50

	6
	420
	 40

	7
	450
	30

	8
	460
	10

	9
	460
	0


     Let’s look at a hypothetical
      total productivity function. 

	Total Physical Product of Labor in Producing Tomatoes (Total Bushels

	500
	
	
	
	
	
	
	
	
	

	450
	
	
	
	
	
	
	
	
	

	400
	
	
	
	
	
	
	
	
	

	350
	
	
	
	
	
	
	
	
	

	300
	
	
	
	
	
	
	
	
	

	250
	
	
	
	
	
	
	
	
	

	200
	
	
	
	
	
	
	
	
	

	150
	
	
	
	
	
	
	
	
	

	100
	
	
	
	
	
	
	
	
	

	    0
	1
	2
	3
	4
	5
	6
	7
	8
	9





Total number of workers on the plot


	Marginal ( (Additional) Physical Product of Each Additional ”n” Unit of Labor in Producing Tomatoes
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The “nth” worker on the tomato plot.

c. Is maximizing output a good idea?  Why or why not.  How do you explain what happens to your net
     profit after paying the wages of 8 workers.  No, you are paying the 7th and 8th workers 70 bushels and they are only producing 30 bushels plus 10 bushels = 40.  You loose 30 bushels.

d. Quantity demanded of labor at different wages.  How many workers would you hire for you tomato
     plot if the standard wages for workers went up to 55 bushels per worker? 4 .  Why do you change the     number you hire? Because the 5th worker only produces 50 bushels, but you had to pay him 55 bushels so you lose 5 bushels.  If you have only 3 workers, you lose even more 15  bushels, because the third worker produced 80 bushels but you have to pay the worker only 55 bushels.  Your net product would fall by 15 bushels.

e.  Slope:  If you connect the dots for the total product produced by 1, 2, 3,…n worker, and measure the slope of the resulting graph line (rise over the run), what is the relationship between the slope of the total product curve, say for, the 3rd worker, and the marginal product.

Table 1





Figure 1, Total Productivity of labor





Figure 2, Marginal  Product of labor
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Wages of 6 workers at 


35 bushels =210
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