{

In Chapter 6 a convenien '
defined as a period of time

‘variable inputs, whose usage
‘ all inputs are e variable —the g
L the most efficient input combin:
The definition of the long run

sufficiently long such that all fac

short run is a more nebulous conce

changed in the production

usage of certain machines; in amo |

additional equipment; in a year it 1
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into detal about long- and short-run COSts, we

gOINE the relationship between Production

actors. Before
¢ fact by examining

Y .
ﬂ)duk || ()V(‘rv“‘“/

rovide @ gener |
functions and COSLS.
g-Run Costs and the production Function
Long-

8.2.a P :

 Chapter 7 allow us to relate costs to outputs. That is, for any givep,
The tools ‘0.. d; ermine the minimum cost at Wthh' th_at'output can'be produced,
output, we can ion function. This is illustrated in Panel A of

, il - ¢ and the product .
e faoior A ¢ levels. At output level @, the minimum

[ * 2 l

., the minimum total cost i$ determine.d by isogost line C,. :]"ehlsoco't line for g
Q:',-s above and to the northeast of the isocost line for Q;, which means, as we ¢

e,{pect, that costs increase with oqtput. ‘ A e
It is easily seen that by repeating fh'lS procedure at a 'lsoquhed long the
expansion path E, it is possible to derive the long-run cgst schedule for the
hedule which shows the cost of producing each output after

firm — that is, the sc¢ : e .
a;I factors of production have been fully adjusted. This is illustrated in Panel B
of Figure 8.2.1. From Panel A we see that output Q, is produced at total cost C,,

and these two values are used as coordinates. to plot a point on GM b
output—total cost graph of Panel B. Similarly, @, is produced at total cost C 3 nd
0, is produced at total cost C,. These points are also plotted on the Panel E ,

Repeating this procedure for all other outputs, the long-run total cost ¢

LRTC of Panel B is derived. - il

Relation: The long-run total cost schedule is directlyl relgteq to tm
path; indeed, the long-run total cost schedule or function Is slmplyl

cost—output equivalent of the expansion path.

Short-Run Costs and the Production Function
8.2.b

We have observed that there are really a large number of “s
on the time period involved. Each such short run is characte
not all factors of production can be fully adjusted in t@f»
the significance of this, suppose a firm wishes to ¢
150 more milling machines to do so at lowest

requires 150 more machines). To be concrete,
runs, each of which is 3 months longer than ‘
lags, no new milling machines can be ad
schedules permit the delivery of 50 add
3-month periods.. Hence, the long-rur
an addition of 150 milling machis
shortest run (3 months) no new
there are 50 new milling

J
e

hkinly oo k
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4

milling machines, and in the long T
To produce at the new output le:
3.month period. We assume that
using overtime and part-time emp
is illustrate i |
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nny wdditional

{40 milhng
pse 1N

e hirm o el
stock O
fal nere

mabihty of tl
. (hiven the existing
n substan

[his In becainse ol the
pat 4 monthe

MY point A
ay (o pel output O, I by
|

milling machines 10 the 1
machines, (he cheapest W
man-hours (from Loto L)

During the next months,
nes rses o A

e delyvered, 50 fhie total

i 50) This allows the
algo reduces

a() new g mi hines
, (K, = B0~ K,

ach
Jabor hours 1o L, 1t

stock of milling m
entreprencurs () cut overtme and part-time

cost of producing output (i because, as may readily be seen in Figure §.%. 2

thwest of isocost line €', Because capital slock

it is still true that the

the

the isocost line 1% (o the sou

is below the Jong-run optimum of 180 m

(', 1s0c0sl Jine 18 not tangent 10 Q. The
machines and a further shift in the isocost Jine L0 Cy

is finally T | en 180 milling machines are

ine C, is tangent o 0, and Q) is being

given factor prices and the production

achines, however,

next 3 months bring 50 more milling

liquilihrium |
able. At this level,

lowest possible total cost,

avail

produccd at the
anel A of Fig-

ace that corresponds Lo P
A in Panel A.

function.
There is a diagram in cost—output 5p
is shown In panel B. Point A’ corresponds to point
to B in Panel A. There

ure 8.2.2. 1t
There the cost is Ci and output is Q1- Point B corresponds
output is O again, but cost is only Ca. Thus, LRTC gives the total cost relation-
ship when all factors are variable. SRTC, gives the cost relationship when only
curves, SRTC; and SRTC;, are the intermediate Cascs,
some, but not to the

Jabor is variable. The other
showing what total cost would be if capital can be
desired extent. Note that all curves coincide at Doi , reason is that the
solutions are the same at that ec en if the firm
tal to pro-

short-run and long-run
could alter capital, it wo

uld select the current i€V
duce Qo level of output. s R '
(es the key point that rt

This example illustr
it is to produce outputéothcr than the O
the output given by ts for ;

is optimal (that is,
producing 2 given
output.

The dynamic
ways. For example, it 15 pOSS
obtain models of optimal capital
trate on important comparative stat
dichotomy between the short run 2
recognize that there are mamn: ho
short-run period for e tory

output will never:

na

theory of short-

PR
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Cosls In the Short Run

Fixed and Vai jable

8.2.¢ (0 fixed mputs are short-run fixed costs. The various f
he tixed exphicit cost Is simply the sum of unit Prices
mber of units used In the short run, implhicit cost 14
( is an element of fixed cost. In the example of subsection § 2 b, the
fixed,; thus i the short run are the costs of the given st k of milling machines
fixed “M(:'::;,lu‘"“"’ examples there will be many such fixed inputs with corm.
In more ¢

sponding fixed COSIS,

('mu‘qmmlmp
have untt pric es; !

nputs |
nnlnlnphnl by the 11X d nu

Total Fixed Cost. Total fixed cost Is the sum of the short-run explicit fixed
cost and the implicit cost incurred by an entrepreneur.

that are variable in the short run give rise to short-run variable cogy.
be varied in accordance with the level of output, variable
costs also vary with input. If there is zero output, no units of variable input need
be employed. Variable cost is accordingly zero, and total cost is the same as tota)
fixed cost. When there is a pusitive level of output, however, variable inputs must
be used. This gives rise to variable costs, and {otal cost is then the sum of total

variable and total fixed cost.

Inputs
Since input usage can

Total Variable Cost: Total variable cost is the sum of the amounts spent for
each of the variable inputs used.

Total Cost (Short Run): . Total cost in the short run is the um o
and total fixed cost. ,

THEORY OF COST IN THE SHORT RUN
8.3

Total Short-Run Cost
8.3.a

_Analysis of total short-run cost de
in this chapter: (a) the physical ¢
inputs determine the cost of prod
output; and (b) total cost ms
variable cost. a2
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Table 8.3.1 Fixed, variable, and total cost

_QU"“"V of output Total fixed cost Total varlable cost Total cost
? $100 0 $ 100.00
5 100 $ 10.00 110.00
3 100 16.00 116.00
y 100 21.00 121.00
: 100 26.00 126.00
5 100 30.00 130.00
100 ‘ 36.00 136.00
7 100 45.50 145.50
8 100 56.00 156.00
9 100 72.00 172.00
10 100 90.00 190.00
13 100 160.00 260.00
14 100 198.20 298.20
1 f 100 249.50 349.50
16 100 324.00 424,00
17 100 418.50 518.50
18 100 539.00 639.00
19 100 698.00 798.00
20 100 900.00 1,000.00

Suppose an entrepreneur has a fixed plant that can be
commodity. Further suppose this plant cost $100. Total f
$100—it is constant irrespective of the level o tput.
Table 8.3.1 by the column of $100 e ies lab
shown by the horizontal line labeled 7
emphasize that fixed cost is indeed f;

Variable inputs must also be usec
of Chapter 6, you might suppc i
the multiple-input approach
material, because an incre
usage of inputs — whether

in the optimal combina ]

the greater the total |

Table 8.3.1 and by
ing total

Summing
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Fixed, variable, and total cost curves ——

Figure 831

rc
Tve

Ik

180 _#' N
_,('Ill_ y

160 w8

140

Cost (dollarg)

8

8

20 //

AT IR
0 123456789101112131415

Quantity of output

eye focuses on the shortest distance between the curves, not the v
The vertical distance does, in fact, stay constant SI 0
them, total fixed cost, does not change with ouqmt

Ave;age and Marginal Cost

The total cost of production, including
entrepreneur. However, one may obtail
analyzing the behavior of various av
The illustration of Tablc 8
four columns of the latwr
columns show tbe new ¢

First m
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The calculation is very simple. When or
$100/1 = $100. When two units are

n
Aver

Tota

R U
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19 50
1910
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1900
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2130

Mar el
e @

6 05
LY
108
e 00
800
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21 40

on. Graphically, average fixed cost i
Figure 8.3.2. Cost in dollars is p.
horizontal axis. The AFC curve IS
increases the ratio of fixed cost e
curve is a rectanguid V[ rbe
Next, move to column |
variable cost,” a concept

Average Variable Cost:
divided by output.

#

L
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' Av”'. a and margin ' C ()ﬂ' curves
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e
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Cost (00||ar3)

40
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- AFC
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0 2 4
Quantity of output

Again the calculation is simple and gives rise to the curve I
ure 8.3.2. But now there is a great difference between AVC a

does not have a negative slope throughout its entire range. Indeed,

tion AVC first declines, reaches a minimum, and rises her
The reason for this curvature lies in the theory of p; odu
cost equals the number of units of variable input used (V) m

price of the input (#). Thus in the one-variable-input
Average variable cost is total variable cost TVC diy

wvc V j
AVC = 2= = pZ
.. Q 0 e

Consider the term V/Q, the number of units of int
units of output. In Chapter 6, average product (AP

(Q) divided by the numbcrof nits of input
V Il .
AVC = P() ._.“
Q

_,,__
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s )V, This 1s price pe v

ince AP 'L. Sinoe price per unit of input multplied by the reciprocal of

average product. Since average product normally rises, reaches a maximum, and

then declines, average variable cost normally falls, reaches a by ’.”w‘
s 4 , AN

thercafter

Relation: A production function such as that shown in Figure 6 2 1

e ( e (4

to the average product curve shown In Figure 6 2.2 Ths type ,,; DI (;I‘i;, -
e ! OOUCTION

function also determines a total variable cost curve such as that in Fiaur 8731
2 1 [ ” ‘: ;
average variable cost curve shown in Figure 8 3 2 :

and the
Column 7, Table 8.3.2, contains the entries for average total cost, which may

also be called average cost or unit cost.
Average Total Cost: Average total cost is total cost divided by output

In light of this definition, ATC may be computed by dividing the entries in

column 4 by the corresponding entries in column 1.

However, since
TC = TFC + TVC,
7c TFC  TVC
ATC = = 5 = AFC + AVC.
o 0 . @ i
Thus one may calculate average cost as the sum of average fixed and average

variable cost.
This method of calculation also explains the s

curve in Figure 8.3.2. Over the range of values
decline, ATC must obviously decline as well.
marked decline in AFC causes ATC to con
increase in AVC more than offsets the decli |
minimum and increases thereafter. ol
Finally, column 8 of Table 832
Marginal Cost: Marginal cost is the a
addition of one unit to output.
Marginal cost is thus calculat
“Total cost” column.* For exam
is MC, = TC; — 7C,. Since ol
ever, marginal cost may be ¢
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n Pigure 8 13 A like AVC first declines. resches o ala
o n i‘ thereafter  The eyplanation for this curvature also lies - ';
i :
et & denote the change in " As shown jys b
e,

A&
— and Ne

o ,vh\fm thwm

ety ATV for @ unit change in output More generally, if UL TR Aot
‘ «

- s by e jecly one umit, MO = MIVO)YAQ In our previous Aotation

e MAV) for an entrepreneur who is a perfect “m.

Thus 7V

7 )
‘ ynpul market (in

« 15 given by market dermane
pefitor in the P"l e E . s ‘"W'Y and
i W affect the price)

- ]
es m s pnuhm( s do

'y h,l“f
Using the two relations,
Al -
M .
A¢

marginal product (MP) was defined as the M
input, or MP = AQ/AV. Thus

In Chapter 0.
attributable 1o a change In

I
e f’(;{;)

Since marginal product normally rises, reaches a maximum, and declin
ginal cost normally declines, reaches a minimum, and rises thereafter.

Relation: A production function such as that shown in Figure 6.2.1 ¢
1o the marginal product curve shown in Figure 6.2.2. This type of prodt
sunction also determines a total cost curve such as that in Figure 8.3.1%
marginal cost curve shown in Figure 8.3.2. ,

Geometry of Average and Marginal Cost Curves
8.3.c .

In Chapter 8 the average and marginal product curves were derived ge
from the total product curve. Similarly, the average and marginal cost
be derived from the corresponding total cost curve. ("
Figure 8.3.3 illustrates the derivation of average fixed coﬂ‘{
axes of Panels A and B have different scales.) In Panel A, tot:
plotted and the outputs Og,, Og,, and Og; are measured so that
7:q:. Since AFC = TFC/(Q, average fixed cost is given by the ¢ »
the origin to a point on the TFC curve. For output Og,, AF¢
ray OP, or q,P/0Ogq,. Similarly, for output Og,, AFC
TFC is always the same, ¢\P = ¢85 = q:R. B}
and Og, = 30q,. Thus AFC for output Og, |
(9,P/0g,) = 2 AFC for output Og,. This is show
in OP' and OS'—more specifically, OS" = ¥
demonstrate for yourself, OR' = ¥4 OP'. The I
determined in the same way. e
In general, the average cost assox :
given by (1/j) (OP’). Thi
asymptotic to zero as j '
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Figure 8.3.3 Derivation ol the avarage fixed cost cuive
- ry P‘
@ g
® 8 |
3 =] |
© 1 |
F ¥ ool ~4
” S AR I
TFC Rf — 1 ——
: I | | AFC
| | |
I | | | 1 L
o g, 9. G

o q: 9 93
Quantity of output

Quantity of output
a (8)

Figure 8.3.4 shows how AVC is derived from TVC. As is true of all “average”
curves, the average variable cost associated with any level of output is given by
the slope of a ray from the origin to the corresponding point on the 7VC curve.
As may easily be seen from Panel A, the slope of a ray from the origin to the curve

steadily diminishes as one passes through points such as P; and it diminishes until

the ray is just tangent to the TVC curve at point S, aswewed with output Og,.
snchasR This

Thereafter the slope increases as one moves from S towar
is reflected in Panel B by constructing AVC with a negati
is attained. After that point, the slope becomes D

thereafter.
Exactly the same argument holds for Pan

show the derivation of ATC from TC. The s

moves along TC until the point S” is reache
so minimum ATC is attained at the omgut

ray increases continuously, and the ATC cury
output level Og; does not represent the san

The difference between average t
fixed cost. Since average fixed
average variable cost and avers

saying that when output is very large,
component so that fixed cost does n

Finally, the derivation of m
contains the total cost curveTC' As

from point P to point V, and
is thus

,3 MO - :

oqz -|
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ng"; (LK) rﬁpn\mmm of the marginal cost ¢urve
o ” MC
® ©
3 g ™~
o &
: " < \r/
§ G, 8 |
|
|
|
=i
0 q, q qa qa o qs
Quantity of output Queantity of output
(B)

(A)

is given by the slope of either curve. In Panel A, Figure 8.3.4, the slope of the
ray OS gives minimum AVC. But at this point the ray OS is just tangent to 7VCj
hence it also gives MC at this point. Thus MC = AVC when the latter attains its
minimum value. Similarly, in Panel A, Figure 8.3.6, the slope of the ray ON
gives minimum A7C. But at this point the ray is tapgent to TC; thus its slope also
gives MC. Consequently MC = ATC when the latter attains its minimum value.
Again, this illustrates the notion that when the marginal exceeds the average, it
pulls the average up and when it falls short of lfhg average, it pulls the average

down.

A M-Run Cost Curves
8.3.d

The properties of the average and m
tion 8.3.c, are illustrated by the “ty

Relations: (/) AFC declines C
asymptotically, as shown by‘ ¢

approaches asymptotically clo
asymptotically, as shown by
minimum at point 3, énj

point 3, MC equals ATC.
and rises tf reafter J

Scanned with CamScanner



-
st Of ¢ psl curves
[3

ved7 Typical 8
re

Figu
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ed in busihess, consider a
. To see how cost cur\{es are us :

Exagntfelgnﬂé-u ise operator who i trying to determine the cost oc: putting A
g fafgrent numbers of passengers on one-week cruises. The :;);? Ct(;)s; Inthis A
lse is the cost of the ship, which is at $1,000 per week. (T. "fs' memﬂ ey

;:ymem on the loan taken to finance the purchase of the ship is $1000w A

& o I
week.) ' i
The variable cost of taking aboard another passenger IS ‘,‘-r;

VC = Q% + 10,000Q°

here Q is the total number of passengers. . "
¢ Table 8.3.E.1 produces all of the relevant mformatlon.
above and from the following relationships:

AVC = VC/Q
TC=VC + FC =VC + 1,000
AC =TC/Q

MC = VC(Q) - VC(Q - 1) = TC

A few things are noteworthy. First, ma
and average (total) cost (ATC) all decli
to rise before either of the other two.
average variable cost at average v

(22.87 passengers). Similarly, marg
cost's minimum point (23.24 passenge
First, the variable and total cost in
increases. Adding passe gers ‘
However, the average variable a
increase from 1 to 23

minimum cost p r
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