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 An important question is how firms choose 
their levels of output and inputs. 

 While the choices of inputs will obviously 
vary with the type of firm, a simplifying 
assumption is often made that the firm uses 
two inputs, labor and capital. 
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 Average product is simply “output per 
worker” calculated by dividing total output by 
the number of workers used to produce the 
output. 

 This corresponds to what many people mean 
when they discuss productivity, but 
economists emphasize the change in output 
reflected in the marginal product. 
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 Marginal product requires the ceteris paribus 
assumption that other things, such as the level 
of other inputs and the firm’s technical 
knowledge, are held constant. 

 An alternative way, that is more realistic, is to 
study the entire production function for a 
good. 
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 The isoquants labeled q = 20 and q = 30 
represent two more of the infinite curves that 
represent different levels of output. 

 Isoquants record successively higher levels of 
output the farther away from the origin they 
are in a northeasterly direction. 
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 The negative of the slope of an isoquant is 
called the marginal rate of technical 
substitution (RTS), the amount by which 
one input can be reduced when one more 
unit of another input is added while holding 
output constant. 

 It is the rate that capital can be reduced, 
holding output constant, while using one 
more unit of labor. 
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 The particular value of this trade-off depends 
upon the level of output and the quantities of 
capital and labor being used. 

 At A in Figure 5.2, relatively large amounts of 
capital can be given up if one more unit of 
labor is added (large RTS), but at B only a little 
capital can be sacrificed when adding one more 
unit of labor (small RTS). 
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 It is likely that the RTS is positive (the isoquant 
has a negative slope) because the firm can 
decrease its use of capital if one more unit of 
labor is employed. 

 If increasing labor meant the having to hire 
more capital the marginal product of labor or 
capital would be negative and the firm would 
be unwilling to hire more of either. 
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 Along any isoquant the (negative) slope 
become flatter and the RTS diminishes. 

 When a relatively large amount of capital is 
used (as at A in Figure 5.2) a large amount can 
be replaced by a unit of labor, but when only a 
small amount of capital is used (as at point B), 
one more unit of labor replaces very little 
capital. 
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 Engineering studies can be used to provide 
information about a production function. 

 Engineers have developed three different 
methods (A, B, and C) to produce output. 

 These methods are shown in Figure, when 
method A uses a greater capital labor ratio than 
B, and the capital labor ratio at B exceeds that 
at C. 
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 The points a, b, and c represent three different 
methods to produce q0 units of output, so these 
points are one the same isoquant. 

 This method was used by economists to 
examine the production of domestic hot water 
by rooftop solar collectors. 
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 This method has been used to examine the 
extent to which energy and capital can be 
substituted in industrial equipment design. 

 Economists have also found that energy and 
capital are sometimes complements in 
production, which may have caused the poor 
productivity of the 1970s due to high energy 
costs. 
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 Returns to scale is the rate at which output 
increases in response to proportional increases 
in all inputs. 

 In the eighteenth century Adam Smith became 
aware of this concept when he studied the 
production of pins.  
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 Adam Smith identified two forces that come 
into play when all inputs are increased. 
 A doubling of inputs permits a greater “division 

of labor” allowing persons to specialize in the 
production of specific pin parts. 

 This specialization may increase efficiency 
enough to more than double output. 

 However these benefits might be reversed if 
firms become too large to manage. 
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 A production function is said to exhibit constant 
returns to scale if a doubling of all inputs results 
in a precise doubling of output. 

 This situation is shown in Panel (a) of Figure. 
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 If doubling all inputs yields less than a 
doubling of output, the production function is 
said to exhibit decreasing returns to scale. 

 This is shown in Panel (b) of Figure. 
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