TION

s¢ are not as
Production processes typically require a wide vanety of Inp,u:\cl\r:;tcrcnt types
simple as “labor,” “capital,” and “materials”, many qu ‘l"l" '“ the analysis, this
of each input are normally used to produce an output. To € ":N s to cut through
chapter introduces some simphifying assumptions whose puT} Our attention can
the complexities of dealing with hundreds of different InPUS he analysis gener-
be focused upon the essential pnnciples ol production. and the

N
alizes directly to more complex production technologi€ ’ .t In subsequent
Specifically, we assume that there 18 only one \‘d”“’” iy

discussion, this vaniable input 1s usually called” ‘labor,’ J]mou}::;n:notﬂezz::p&
could just as well be used. Second, we assume that this vana t:yarll)ous quan-
combined in different proportions with one fixed input t© produce g
tities of output. The fixed input is called “land™: our discussion )
specific example of production: agricultural output.

:‘ : ed and Variable Inputs, the Short anc Long Runs
.a

In analyzing the process of physical production and the closely related COStsﬂ?ef

production, it is convenient t uce a somewhat arbitrary dls““‘:“(‘i’“t_ p

cla- sification of inputs as fixed and variable. Accordingly, & d input 1s deline
market conditions indicate

as one whose quantity cannot readily be changed when.
that an immediate change in output is desirable. To be sure, no input 18 ever

riod of time under consideration. But

hold some inputs fixed,
ate

absolutelv fixed. no matter how short the
tly, for the sake of znalytical simplicity,
while inputs are in fact variable, the cost of 1m
variation is so great as prohibit such action for the parficular decision at hand.
Buildings, major pieces of machinery, and managerial pemonne] are examples of
inputs that cannot be rapidly augmented or diminished. e

other hand. isone whose quantity may be changed almost mstantaneously in
w&wh@ types of labor services and the inputs

raw_and -.u-;k&_—u matennlsfallmthls atego

.. t of one or more f --ir.- agents is ﬁxed

nodofumemwhl@

lllih _ w ccompll \,,. F l:l_'.' m e

Scanned with CamScanner



| ned as
In the long run, however, even this is possible, fof the [omng TS dg!llltl ‘
_ all inpyts we variable l'l_u/tu g

thaX period of time -
& period ofime (or planning horizon) in which
| when output changes

run, in other words, refers to that time in the future
achieved in the manner most advantageous to the entrepreneur. FOT cxample, 1
e 10 cxpand outpul only by operating the

*the short ryn a producer may Beab
existing plant for more hours per day. This, of course, entails paying overtime
rates to workers. In the long run, it may be more cconomical to install udtl.(lgr};}l
roductive f‘Ei_ll‘js‘S and return to the normal workday.

In this chaptgr we are mostly concerned with the short-run theory of produc-
tion, combining different quantities of variable inputs with a specific quantity of
fixed input to produce various quantities of output. The long-run or ganization of
production is largely determined by the relative vost of producing a desired output

by different input combinations. Discussion of the long run is thus postponed

il Ch " :
ur-m apters 7 and 8. E_‘_ ’ﬁu H RT S b (U &OM
L* P& | e we

can be.
"

Fixed or Variable R e ©
6.1.b i asnFIORREIOWGL =, el peo
. k"LO. L\“ &-ﬁ\ﬁb—\," b e \M“KW‘ M‘\}» l\!‘\\’ !
As already indicated, the initial discussnon? focuses largely upon the use of ixed W'V
amount of one inp 2 variable amount of another to produce variable
stricted mainly to produc-

quantities of output. ” neans that our attention is re
tion under conditions of variable proportions. The ratio
vary; the entrepreneur, therefore, must determine not on
produce but alsg_tbe_gpﬁmalproportion in which to com
run). - ;

e principle of variable proportions.

There are two different ways of stating th
i i ed in the

First, variable-proportions productia implies that output can be chang
Fvariable inputs used in cooperation with the

the amount of one input 1§ changed, the other remain-"

fixed inputs. Naturally,
> of inputs changes. Seeond, when production is subject to

ing constant, the ratio of inputs changes.
variable proportions, the same output can be produced by various combinations
of inputs — 'i§ by different input ratios. This may apply only to the long run,
but it is relevant to the sho b there is more than one variable inpu For
C roduced with a great deal of labor and veéry little
with very little labor and a tractor, which can
4 i
of variable proportions
is certainly no doubt that
dng an investment decision,
of different production pro-
t handmade or it can be
er, there may be some

&

of input quantities may
ly the level of output to
bine inputs (in the long

* -
| »
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. — ; ik nly one, L ,

Fixed-pr mm\pwgﬁ——w

at can be dsed to pro : LS xed input ratio. This is the.
ust be expanded or contr; 0 a5

TR : of milk
technology that is common in baking a cake. If the zecipe Lau fafiws of
and 3 cups of flour, one cannot produce the same cake by uﬁl&ﬁ:h 1 cup of milk
milk and 2 cups of flour. However, one can produce two CaLes. |
and 6 cups of flour. Factors are used in fixed proportions. and one shovel

At first glance this might seem the usual condition: one peicjm
produce a ditch; two parts hydrogen and DMM%EE of produc-
a second shovel or a second part of oxygen will not augment t earre e

"tion. M__M&wumﬁmm%k
by. Even the production of most chemical compounds is subj e acd i
proportions. It is true, for example, that hydrogen and nitrogen n;-l;ls drogen and

e fixed ratio 3: 1 1o produce ammonia gas. But if three volumes 0 4)(1)00 C, only
one volume of nitrogen are mixed in a glass tube an(wlm:ml/_ht()____T,; very

‘minute traces of ammonia will be found (and that only after heating ord E
@Eﬁﬁ- However, if finely divided iron is introduced into the tube under

.. : 1 are con-
same conditions, almost the entire amount of hydrogen and nitrogen
+ verted to ammonia gas within minutes.

That is to say, the yiela of ammonia for
‘any given amount of drogen and nitrogen depends upon the amount of the

catalyst (finely divide iron) u

Proportions are indeed variable from the
standpoint of the catalyst,)not only in this instance but in the production of almost
every chemical compound.-

| ‘h.m * "*‘; ‘.I:.’\
! hLF-J - o If

,“-".

in subsection 6.1:b, has emphasized that the
s a function of, the quantities of the various
described by a production function associ-

clion is a schedule (or table, or
imum amount of output that can be
Jts, given the exisfing technology or

clion is like a *recipe book”
€18 of inputs.

) | ot , Or as ;mﬂ\cmaﬁcal

. total (maxi-_

N -?nt‘.‘
e h . :
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As an example, consider an experiment in the production of wheat on 10 acres

_of]and. The fixed input is land, the variable input is labor time, and the output
= b_UShCIS of wheat (we ignore sced, fertilizer, and other variable inputs). Ap
agricultural experiment station blocks off eight tracts of land, each containing
10 acres. The first tract is worked for a producing season by one person; the
Sngnd tract is worked by two people; and so on until the eighth tract is worked
by eight people. Total output on the various tracts of land might be as shown In
Table 6.2.1.

The hypothetical data in Table 6.2.1 are graphed in Figure 6.2.1. Output is
plotted on the vertical axis and input, in this case the number of workers, is
plotted on the horizontal axis. Joining the successive points by straight-line
segments, one obtains the total product curve. Note that the curve first rises
slowly, then more rapidly, and then more slowly again until it finally reaches a
maximum and begins to decrease. This curvature reﬂepts the principle of dimin-

ishing marginal physical returns to be discussed in subsection 6.2.c.
t5

\

Average and Marginal Products

Table 6.2.2 is an expanded version of Table 6.2.1. The first iwo columns still
indicate the tract number a d thesnumber of workers on each tract. The third
column reports the totdl output for each tract of land, while the fourth column
shows the average output per worker, or the output-labor ratio. Finally, the fifth

column contains the e or marginal product. o
o , -
input is total product divided

tput. Thus, average product
ne corresponding volume

’r.s =

Average Product: Th
by the amount of the input
is the output=input ratio

of input. ;. o - I

Marginal Product:
product attributakb
production proce

Table 6.2.2 and the
features of 2
ucts initially

2.2) illustrate several important
average and marginal prod-
he limit, average

L=
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thh 6.2.1 Outpul of wheat on ten-acre tracts of land (bushels)

Tract Number of
number workers output

ODNOO AN~
ONOOC 2N =
(o]

—

Figure 6.2.1 Total proauct curve obtained from
hypothetical data in Table 6.2.1

Marginal
product
of labor

14
15
13
9

A 5
0
-2

o
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ure 6.2.2 A,
(')?)?mnnd from (lntll”:rglnl:élfl mmwnul producty

16|

Average
e product

Q=

Marglnal/v

pProduct

Average and marginal products

Land-labor ratio
\

act negative. Work®es

e w-"‘"".
b

~ In the present example, ‘tﬁe matgmal product of labor becuines negative
because the variable input is tlsed too mtensnvely with the fixed input (land)

A second feature of s

gin an average produ Il margin; andaveragerelauonsmps
A s an average of 78 ms:xBeonomncs 1 quizzes.

Chapter 6 Produce
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Relations: Both average and marginal products first

and gecline thereaiter on average product a dlns.thb mlax;murn aver_ge
and marginal jm)(ﬁu [s are e ese r“lit_r_()n s apply only 1o
varjable-proportions productiol anr (lons

e e

Law of Diminishing Marginal Physical Returns
6.2.c

Thc WMJL&JJML{J;Q@;L curve in I*lg,urc 6.2.2 graphically illustrates an
iple: the “law” rinal p yslcdl returns,
Comparing the outputs of tracts 1 and 2 (Table 6.2.2), one Sees that using two

workerg rather than one increases output by 14 bushels, the marginal product of
labor when there are two workers. Similarly, comparing tracts 2 and 3. the use
of a third worker augments output by 15 bushgls. The marginal physical product

of labor increases as the number of workers mcrea‘sfg This may well happen
when the land-labor ratio is very high.

™A Ultimately, however, as the jnput ratio declines so also must the marginal
« " product of the variable input. @,/hen the number of units of the variable input
S . increases, each unit, so to spe s on the average fewer units of the fixed input
‘ with which_to work. At first, the fixed input is relatively plentiful, more
v intensive utilization of fixed y variable inputs may increase the marginal
. output of the varlable mputw etheless, a point is reached beyond which an
_? nc. he fixed input ywlﬂ_sprogresgmy less and less
-4 " ave even found that this holds  true for con-
. ( : ' , amount of othe fixed) inp
” e ) a_point is reachec : h mar mal roduc dechnes
Lo TR . ) QINt 10 em Al mm he_law o

¥ ST systerr ot a Al propositio fhat is susceptible of mathematical proof

concerpmg physical relations that have
world
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g}o‘mﬂr\v of Average Product Curves

b
‘ {\A“_}D'.\‘M Lotm of the (continuous) (otal product curve 1s shown in Figure 6.3 1.
. l.'.‘ ;(hli\.‘ as e all other one varable mput product graphs, units of the vuriub‘l_c_‘
mnput_are Dlotted on the absgiaso and mln* product is'pmltvd on the
Given the total product curve 7P, we wish (o find average product, First, from
its definition, averape product is total product divided by the number of units of
the variable input used to produce it, or the output-variable nput ratio, Producing

‘total tﬁﬂ‘ptﬂ'UQ . DA requires OD units of the variable input. Thusfthe average
product of OD units 'of variable input is DA/QD. Si,W
of OF units of variable input is FG/OF and of OH units is HJ/OH. In each case,
to obtain the average-product corresponding to a given point on the total product

curve, we found the slope of the line joining the origin with the int in question.
other words, we fodnd the tangent of the angle formed by the abscissa
!me from the origin to the given point on the total product curve( Average
1s equal to the of the line that connects the origin with the total product
curve. This impli : its of input is smaller than
the average product of B u its, of input because HJ /OH > F
AS‘ w.e have seen rage product corresponding to point A is DA/OD,

but this is precisely the slope ¢ line OA, or the tangent of the angle 3. Notice
at average product be the same for OH as for OD units of the vari

ach case, average
i gﬁ for movements
Hhit 11! DI

|

S _INdaximum at

= S

) at an intermediate point, as
s Q and R in Fi 6.3.2

‘H‘. I.|

Figure 6.3.1 Geomet

ry of n a
product curves -
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The principal information contained in this subsection can be summarized as
tollows:

Relatlons: Marginal product corresponding to any point on the total product
curve is given by the slope of the Tangent fo the curve at that point. Marginal

-———r

pffdu' attains its maximum value when the slope of the tangent is steepest.
—> he point o maé!mum marginal product occurs at a smaller level of variable
> o, g "and marginal produc
| usage than does maximum average groduct; and marginal product
equals average product when the latter attains its maximum value.

T%tal Average, and Marginal Producti/ '
6.3.c .

The relations discussed in the two preceding subsections are illustrated in
Figure 6.3.3.% In this figure one can see not only the relation between marginal

and average products but also the relation of these two curves to total product.
Consider first the total product curve. For very small amounts of the variable
input, total product rises gradually. But even at a low level of input it begins to

nsc rise quite rapidly, reaching its maximum slope (or rate of increase) at point 1.
¢ slope of the total product curve equals marginal product, the maximum
slope (point 1) must corres; the maximum point on the marginal product
curve (mmt 4), R
‘ After ing i ? point 1, the total product curve continues
“ 2 dec casing rate, so the slope is less steep.

‘ Movm? outward along he curve from 'pomt 1, soon the point is reached at whic
a ray from ihc origin is just tangent to the curve (point 2). Since tangency of the

oheC

vHéBle input is expanded from its value at point 2, total
inues to increase. But its rate of increase is progressively slower unti]
™ nally reached Ag_‘thfs position total product is at a maximum:; there-
after it dec]mes unul lgcomewabiy) reaches zero again. Over a tiny range around
point 3, additionai mput d@es Mchange total output. (The slope of the total
product curve is zero. T: 12 _product must also be zero, This is shown —
by the fact that points : p!eclsely the same nput value. And since
total product declines arginal product becomes negative.
Moﬂ Of@ far been discussed with reference to
~ relations, however, consider the
Marginal product at first
of diminishing marginal
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Flguro 633 Tmnl average. and marginal pr rj
(
o (et

Stage Stage Slage

| . 11
| | \
N~
A

LA

I}

il

Total product

Units of
variable input

|
l
|
[
|
|
|
|
[
l
|
|
|
|
|

5

AP
o Units of
MP  yariable input

Average and marginal product

also rises at first nnnl it reaches its maximum at point 5,
equal. It It subsequently declines, con-

where marginal and average products :
itself becomes zero. Finally, one may

Average product

when total product
uct exceeds average product when the latter is in-

ceivably becoming Zero
m the latter is decreasing.

observe that marginal prod
creasing and is less than avw J

o i"""p
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rable factor imphes that the unit cost of
g sed. Jfthe firm is 1n a competitive

: e P ————
ion 5.8.a). it would never produce

————

increasing average product of the va
producing output decreases as output is increa
industry (refer back to the discussion in subsect o whille oot
in this sthge because by exparding output it can i

— - - “ans that fotal prolits must
v'thc same price for each additionai unit sold, an this mc:"i]n stage 11 ﬁp
increase.” Thus we see that efficient production occurs 1 - bast”
s each having 100 acres of land.

the following table:

Example: Consider two identical wheat farm
The production schedule tfor each is given by

Tote! number " Total product
of workers (in 000 bushels)

10

22

35

50

60

67

72
74
- 75

74

COX@NODU & WN —

—h

-

, L. P
Suppose that both farms d by the same individual. How should labor
be allocated across farms? el . P,
1 \',H e = ,.'S‘. %

arm total
 the farms,

i ork | 3t "?f ; m yields 35 units !
‘] : >d 10 one ef, output is only
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The point is that workers are not moved over 1o the second farm until we

are in the range where average product is falling. This illustrates the relevance
of production in stage |l

LINEARLY HOMOGENE US PRODUCTION FUNCTIONS - . .

‘Linear homogeneity,” “homogenecous of degree one,” and “constant returns

to scale” are interchangeable terms when used to describe a production function.
All get at the essential concept: if all inputs are expanded in the same propor-

tion, output is expanded in that proportion. Consider the simple Cobb-Douglas
function:

q _f(x,y) a = u (64')

where A and « are positive constants and 0 < a < 1. Now let both x and y be
increased in the proportion A. One then has

FAx,Ay) = AQx)(y)' =2 = AXA ey

i = AAXYT = A(Ax%y'"0) = M(x,y) = Ag. 6.4.2)
Thus if the usage of all inputs is expanded in the same proportion, output expands
in that proportion. This is precnsely what is meant by “constant returns to scale.”

The other essential feature of linearly homogeneous production functions is as
follows: the average and marginal products depend upon the ratio in which the
inputs are combined, but their values are independent of the absolute magnitudes

of the inputs. Again consider the Cobb-Douglas function. Divide both sides of
equation (6.4.1) by x to obtain the average product of X:

4 = pxeiyi-e =‘-A'(l)l_j o

(6.4.3)
X

This clearly shows that the average product of X depends upon the facter input

ratio or factor proportions. For example, suppose A = 100and @ = 'A. If y = 4

= 100 the ratio

and x = 1, the average product of X is 200. If y = 400 and x
is the same and so is the magnit.
The same. situation may be

e of the average product.

shown for the marginal product. If v is held
W 1), can be thought of as a relation
. We have noted that marginal product
% unction with respect to the variable
to x is thus the margmal product

?-? (6.4.4)
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