Inpint
Combination

Iz the previous chapter, we have discussed the behaviour of the
consumers. In this chapier as well asin the nexi, we shall examine
the behaviour of a producer. Production is the process by which
inputsare transformed tnto ‘output’. Production ts carried out by
producers or firms. A firm acquires different inpuis like labour,
machines, land. raw materials cic. [l nses these inpais o produce
oufpui. This ouipul can be consumed by consumers, or used by
other firms for further production. For example, a tallor uses a
sewing miachine, cloth, thread and his own labour (o ‘produce’
shiris. A farmer uses his land. labour, a tractor. seed. feriflizer,
waler eic to produce wheat. A car manufaciurer uses land for a
laciory, machinery, labour, and various olher inpuis [stecl.
aluminium, mbber ete) o produce cars. A rickshaw puller uses a
rickshaw and his own labour to ‘produce’ rickshaw rides. A
domestic helper uses her labour (o produce ‘cleaning services'.
We make certain simplifying assumptions to start with. Production
is Inslantanecus:in our very simple model of production no
time elapses beiween the combination of the tnpuis and
the production of the ouipuil. We also tend to use the
terms production and supply synonymously and oficn
Anterchangeably.
In order io acquire inpuisa firm has o pay lor them.
This is called the cost of production. (nee output
has been produced, the firm sell it in the marketand
carns revenue. The difierence belween the revenue
/ anid cost Is called the irm's profit. We assume that
the objective of a firm is (0 sarm the maximum profii
that i can.
In this chapter, we discuss the relationship between
inpuis and oulpni. Then we look at the cosi stmictore of
the firm. We do this to be able to tdentifly the.outpul al which
firms profiis are maximum.

3.1 Probuvcmion Funcrion

The production funciion of a firm 15 a relaifonship between inpuls
ustd and outpul produced by the firm, For varoos qusniites of
inpuis wsed. 1| gives the maximum quantity ofoutpud (at can be
produced.
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Constder the farmer we mentioned above. For stimplicity, we assume that the ~A S
farmer uses only two tnputs to produce wheat: land and labour. A production
function tells us the maxtimum amount of wheat he can produce for a given
amount of land that he uses, and a given number of hours of labour that he e \ 0 o
performs, Suppose Lhat he uses 2 hours of labour/ day and | hectare of land o » —_—
produce a maximim of 2 tonnes of wheal. Then, a function that describies thts /™
relatton s called & production funclion, ( \ f CJ) 7

Omni: possible example of the form this could 1ake is: " =~ ‘ f

q=KxL. o

Where, q 1s the amount of wheat produced, Kis thearea of land in heclares,

L ts the number of hours of work done in a day. .i" -'

Describing a production function in this manner 1ells us the exact relation * ﬁ ['

between inputs and output, if etther K or L increase, q will also increase. For =
any L and any K. there will be only one q. Stnce by definition we are taking the
maxtmum outpul for any level of inputs, a production function deals only with

the effictent use of mputs. Efficiency tmples that it 15 notl pessible to get any | C{'
more ontput from the same level of tnputs, """*- !

A production function s defined for a given technology, 1t ts the technological 7 ‘.
knowledge that determines the maxtmum levels of output that can be produced. ;" \
ustng different combinations of mputs. If the technology improves, the maximum M= /,- -.r‘"' -
levels af output obiatnable for different input combinations increase, We'then, .~ //—‘
have a new production function. CJ\
The inputs that a firm uses in the production process are called factors of
production. In order to produce output. a fitm may require any mumber of * e
different inputs. However, for the tme betng, here we constder a firm that produces 5 < T —
outpuit ustng only two factors of production - labour and capital. Our produciton. f‘"" "'\
function. therefore, tells us the maxtmum quantity of output (q] that can be
produced by ustng different combinations of these two factors of productions- u..‘
Labour (L) and Capital (K},
We may write Lhe production funciion as
q=MLK) (3.1)
where. L 1s labour and K 1s capltal and g 1s the maxdmum output that can be
Froduced,

Table 3.1: Production Function

_ O | Wl 2 [ 3 [4 |5 [ _/
0 ] Q0 i 0 i}
1 0 | 3 7 10 12 13
2 0 3 10 18 24 29 i
Lateur| 3 0 7 18 | 30 | 40 | 46 | D0
4 ] 11 4 A0 5O 5 57
5 i Iz 20 45 b b 59
B o 13 33 &0 5% =0 60 : \_h]
- -
A numerical example of production function is gven 1o Table 3.1, The left I l ]
column shows the amount of labour and the top row shows the amouni of ! cz "":*
captial. As we move (o the right along any row, capilal increases and as we move ! [ i
down along any column, lithour moreases, For different values of the two Eotlors, : -~
- | TR
_—
P —
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| Isoquant
In Chapter 2, we have learnt about indifference curves, Here, we introduce a
similar concepl known as tsequant. It 1s Jjust an allemmative way of
representing the production function. Censider a production function with
two mpits labour and capital. An
tsoquant is the sel of all possible | .,
combtnations of the two mpuis \
thal vield the same maximum \
possible level of oniput. Each K
isoguant represents a pariicular N\
level of outpul and 15 labelled with \
that amount of oulput

Let us return to table 3.1 i I "“"-E____r =1""
notice that the output of 10 units 'l""lll
can be produced in 3 ways (4L, o)

1K), (2L, 2K). (1L 4K). All these
combination of L. K lie on the
same tsoquant, which represents the level of output 10, Canyou identify
the sets of imputs that will e on the 1soguant q = 507

The diagram here generalizes this concepl. We place L on the Xaxis and
K on the Y axis. We have three soquanis for the three output levels, namely
q=q,. §= q,and g= g, Twotnput combinations{L . K] and (L, K} give us
the same level of output g,. If we {ix capital at K, and increase labour to L,
output increases and we reach & higher isoquant. g= g, When marginal
products are positive, with greaier amount of ane tnput., the same level of
output can be produced only using lesser amount of the other. Therefore,
tsoguanis are negatively sloped.

the lable shows (he corresponding outpul levels, For example, with | unil of
labour anil | unil of capital, the firm can produce al mest 1 unit of guipui; with
2 unils 'of labpur and 2 untis of caplial, it can produce al most 10 unils of
output; with 2 units of labour and 2 uniis of capital, Il can produce al mosi 18
units of outpul and soon.

In our examiple, both the tnputs are necessary for the production. IF any of
the mputs becomes zero, there will be no production. With bolli npuls positive,
cutpul will e positive. As we tnerease Lhe amount of any pul, onlpul Increases,

/3.2 Tre Saort Ruw axp taE Love Ron

Before we hegtn with any further analysis, 1t 1s imporiant o disouss two concepls—
the short run and the long run.

In the short run. al least one of the Bactor - labour or capital — cannol be
varied, amd Lherefore, remaitns fxed. In order 1o vary the ouipiit level, the firm
can vary only the other factor. The Eelor that remains fixed 15 called Lhe fixed
factor whereas the other [actor which (he firth can vary Is called the variable
factor.

Consider Lhe example represenied (hrough Table 3.1, Suppose, in the shon
rur. capital remains fixed at 4 nnits. Then e corresponding column shows Lthe
different levels of output thal (he finn may prodioce using different quantities of
labour tn the short run.
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In the long run, all Gctors of prodiciion can be varied. A itm 0 order to
produce different levels of oulput tn the long mn may vary both the inputs
simullaneously. So, i the long run, there s no fxed actor

For any parttcular production process, long run generally refers (o a longer
tme pertad than the shioit run. For different productidn processes, the long rn
pertods may be different. 1t s not advisable (o deline short run and long run in
lermes of say, dayvs, months or years. We define & period as long rmun or short mn
simply by looking al whether all the iputs can be vanéd or nol

3.3 ToraL Propuct, Averace PRODUCT AND MaRGINAL PRODUCT

3.5.1 Total Product
‘Suppose we vary a single input and keep all other tnputs conslant, Then
for different levels of (hiat inpual, we gel different levels of cutpul. This
relationiship between the vartable Input and sutput, keeping all other tnpufs -
constant. {s often referred to as Total Product (TP) of the variable tnput.
Let us again look at Table 3. 1. Suppose capital is fixed at 4 units. Now in
the Tahte 3.1, we Inok at the column where capital takes the value 4. Aswe
maove down along the column, we gel the output values for different values of
labour. This is the toial product of labour schedule with K, = 4. This is also
sometimes called total return (o or totel physicsl product of the variable
fnput. This s shown pgain in the second column of table in 3.2
Once we have defined (olal product. it will be useful to define the concepts of
average product [AP) and margtnal product (MP). They are useful tn order (o
desgribe the contribution of the variable input to the produciion process.

3.9.2 Average Product
Average product 1s defined as the output per untt of variable input. We calculate
Il as
TP
n =T az
The last colimmn of table 3.2 gives us a numertcal example of sverage product
of labour twith capttal fixed atl 4) for the production functon deseribed n

table 3.1. Values tn this column are obtamed by dividing TP (column 2) by
L {Columm 1).

3.3.3 Marginal Product

Marginnl product of an input 1s defined as the change mn cutput per unil of
change in the Inpul when all other mpuls are held constant, When capital is heid
constant, the margmal product of lsbour s

Change in ouipir

MP, = .
Chunge ininput

_ATH
Al

where A represents Lhe change ol the variable.

The thted eolumn of fable 2.2 gives us a numerieal example of Margnal
Product of labour (with capital fixed at 4) for the production function deseribed
in table 3.1. Values tn (lits column are obtamed by dividing change in TP by

(3.3)




change in L. For example, when L changes from 1 o 2, TP changes from 10 to
24,
MP= TP at Luntts) = (TP at L =1 un) {3.4)

Here, Change in TP =24 -10= 14
ChangeinL.=1
Marginal product of the 2™ unit of labour=14/1= 14
Since inputs cannol take negative values, marginal product ts undefined al
zeto level of Input empleymend, For any level of an tnput, the sum of marginal
products of every preceeding untl of that Input gtves the total producl. So {otal
produet 15 the sum of marginal products.

Teble 3.2 Total Product, Mergina] product and Avernge product

Labour | 7P | MP, AP,
0 0 - -
! 10 10 10
2 24 14 12
4 40 16 13.33
4 50 10 12.5
5 566 6 11.2
B 57 | 1 8.5

Average produet of an mput at any level ol employment ts the average of all
marginal products up Lo thal level. Average and marginal products are often
referred (o as average and marginal relums, respectively. (o the variable input.

3.4 Tae Law or Divmvisamneg Maramar Proouct ARD
THE Law oF Vamanie Pmi-un-nnm

liwe plol the dala in lable 3.2 on graph paper, plactng labour on the X-axds nd
cutput orf the Y-axts, we pet the curves shown tn the diagrani below. Let us
examine what is happening lo TP. Notiee that TP increases as labour inpul
increases. Bul e sate @ which 1L thereases 1s not constanl An merease o labour
from 1 1o 2 Increases TP by 10 unit=, An increase in labour from 2 to 2 inareases
TP by 12. Thevate at which TP increases, as explained above, ts shown by the
MP. Notite hal (he MP first increases (uplo 3 unils of labourt and then begins Lo

L4

Wi

an

S N

e Al
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fall. This tendency of the MP to first Increase and (hen fall 15 called the law of
variable proportions or the law of diminishing marginal product. Law of
varlable proportions say thal the marginal product of a faclor tnpul Intially
rises with (s employment level. Bul after reaching a eertatn level of employment,
1 slarts falling.

Why does this happen? In order to understand this, we first define (the concept
of lactor proportions. Factor proportions tepresent the ratio in which the two
mputs are combined o produce output.

As we hold one lactor fixed and keep mereasing the other, the Betor
proportions change. Initially. as we increase the amount of the variable Inpul.
the factor proporitions become more and more sultable for the production and
marginal product tnereases. But after a certain level of employment, the
production process becomes too crowded with the vaniable tnput,

Suppose lable 3.2 deserbes the output of a [armer who has 4 heclares of
land, and can chpose howmuch labour he wants to use. If he uses only | worker.
hie has (oo much land for the worker Lo cultivate alone. As he Increases (he
mumber of workers. the amount of labour per unit land increases, and each |
worker adds proporiionally more and more (o the tolal outpul. Marginal product
tnereases in this phase. When the fourih worker is htred, the land begins to get
‘crowded’. Each worker now has insufficient land to wurk effictently. So the output
added by each addillonal worker 1s now proparitonally less, The marginal product
biegins to fall,

We can use (hese observations (o desertbe the general shapes of the TR, MP
and AP curves as below.

3.5 Snares or ToraL Propuct, Maramar Propuct
. asp Averace Propuer Curves

An inerease tn (he amount of one of thie I:I!pulﬁlcﬂnpmgﬂllol.hﬂ tnputs conslant
resulls in an increase in outpul. Table 3.2 shows how the total product changes
as the amount of labour tnereases. The total producl curve in the mput-output
plane s a posittvely sloped arve. Figure 3.1 shows the shape of the tolal product
curve for a lypical firm.

We measure units of labour
along the honzontal axis and
outpul along the vertical axis,
With L units of labour, the {lrm
can al most produce g, units of |
output. |

According to the law of
vartable proportions, the
marginal product of an tnput
imittally rises and then afier a
certain level of employment, it
starts falling. The MP curve . »
therefore, looks ltke an inverse Labour
‘1J-shaped curve as in figure 3.2. Fig. 3.1

Let us now see whal the AP rotal Product. Thi< ts a kital product curve for
ourve looks like. For the first unil  labour When all otfier tngrits ane fusid consiant, 1@
of the vanable input, one can  shows the different autput icvets obtamable from
castly check that the MP and the different tnils of kboue

Chustprad
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AP are same. Now as we Increase
the amoumt of tnput. the MP rises,  tutpul
AP heing the average of marginal
producis, alsorises, bul nses less
than MP. Then. afler a point, the MP
starts falling. However, as long as
ihe value of MP remams higher / Al
than the value of the AP, the AP '
comtinues o rise, Once MP has
fallen sufficiently, s value becomes
less than the AP and the AP also
staris falllng. So AP cuve 1s also L L tabaur
tnverse U':shaped. ‘Fig. 3.2

d’\ShtTh%HE Lh‘ihﬁap;‘l?:rt‘ﬂﬁﬁﬁ. i A.ndrupn and Marginal Product Thise e
TLEL -case that is greater :
than AP. Otherwise. AP cannol rise. awerage md margnal pmdt@ciamxﬂrﬂ.inhmz
Stmtlariy. when AP [alls. MP has 1o be less than AP. It follows that MP curve
cuts AP curve from above al (s maxtmum.

Flgure 3.2 shows the shapes of AP and MP curves for a tvpieal firm.

The AP of lactor 1 1s maxtmum at L To the left of L, AP 15 visting and MP 1s
greater than AP, To the right of L, AP 1s [alltng and MPP Is less (han AP,

' 3.8 Returys 10 Scate

H

W,

The law of variable proportions arises becanse felor proportions change as
long as ane factor s held conslant and the other ts increased. What i(both faclors
can change? Remember thal thts can happen only In the long run. One spectal
case n the long run occurs when bolh GEotors are mereased by the same
propartion, or faclors are scaltd up.

When a proporifonal increase In all Inputs resulls in an inerease in outpul
by the same proportion, the production function ts satd (o dispiay Constant
returns to scale (CRS5).

When a proporitonal increase i all Inpuls resulls i an Increase (h ontput
by a larger proporilon, the production Rnction 1s said Lo display Increasing
Returns to Scale [[RS)

Decreesing Returns to Scale (DRS) holds when a proportonal Increase (i
all tnpuls resulls In an nerease in oulpul by a smaller proportion.

For example, suppase (n a production process, all tnpuls gel doubled.
As a resiili, If The oulpul gels doubled. the produciion function exhitbits CRS.
[foutpul is less than double], then DRS holds, and £ 1018 more than doubled,
then IRS halds,

1_ Hetorns to Scale
Consider a production function
g=rlx. x)

where the irm produces g amount of cutput using x amount of factor 1
and x, amount of factor 2. Now suppose Lhe irm decldes (o Increase Lthe
entplaymernt level ol bolh the fetors £ (> 1) tmes. Malhematically, we
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can sav il the produclon function exhiblis constant reiums o seale if
we have, '

Fltx,, tx,) = LF (%, x)

le the new output level f{ix,, 0g) 1s exactly tUmes the previous output level

S 3
Sumilarly, the production lunction exhibits Increasing retums (o scale i,

Sitxy. bl > LMDy, x).
It exhitbits decreasing retums to seale if,
ez, b) <176 ).

118.7 Costs WA ‘}
In order to produce output. the firm needs o employ inpuis. Buba given level | [ ‘“"_‘:: /
of outpul. typically. can be produced tn many ways. There can be more than # }" .
one input combinatons with which a firm can preduce a destred level of output N —
In Table 8.1, we can see Lhat 50 units of output ean be produced by three ' S% ~ “-l"'-.(
different thput combinations (L= 6, K=2), (L=4, K=4) and [L=3, K=6). The' o
question 15 which impul combtriation will the rm choose? With (he tpul prices
given, it will choose thal combination of inpuis which is least expenstve. So,
lor every level of outpnt, the irm chooses the least cost inpul combination.
Thus the cost function deseribes the least cost ol productng each level of output
given prices of factors of production and technology.

Cobb-Douglas Production Function
Comstder s production funciion
q=x"xf
where a and ff are constants. The firm produces g amount of output
using x, amount of factor 1 and x, amount of factor 2. This = called a

Cobb-Douglas production function. Suppose with x, = ¥, and x, = X, we
have g, unils of outpul, Le,
q,= X*X%,P
If we increase both the tnputs Lit> 1) times. we get the new outpul
‘h: {l‘f] I'-"it:']*
=R TP
When a+ f= 1. we have g, = (g, That is, the oulpul increases { times. So the

production unetion exhibits CRS, Sumilarly, when ¢+ 8> 1, the production
funciion exhibiis [RS, When a+ < 1 the production funetion exhibiis DRS,

2.7.1 Short Run Costs

We have previously discussed Lhe short ran and the long run. In the short
ran, some of the factors of productton cannot be varted, and therefore,
rematn fixed. The cost that a firm inecurs o employ these fixed mputs ts
called the total fixed cost [TFC). Whatever amount of output the firm




prixiuces, this cost rematns fixed for the flrm. To produce any required
level of output, the firm, In the short run, can adjust only vartable Inputs.
Accordingly, the cost that a firm Incurs to employ these varable inputs ts
called the total variable cost [TVC). Adding the fixed and the variable costs,
we get the (otal cost (TC) of a firm

=TV C+TrC 13.6)

In order Lo increase the prodoction of output, the firm must emplov more of
the variable tnpuis. As a resull. total variable cost and (otal cosl will increase.
Therefore, as autput Increases, tolal varable cost and lotal cosl increase,

In Table 8.3, we have an example of cost funciion of a typlcal firm. The first
column shows different levels of outpul. Far all levels of outpul, the total fxed
cost 1s Rs 20, Total vartable cosl inereases as outpul increases. With outpul
zeto, TVC 15 zero. For 1 unil of outpul. TVC ts Rs 10; for 2 untis of sutput, TVC
15 Bs 18 and so on In the fourth column, we obtam the total cost (TC) as the
sum of the corresponding values i second column (TFC) and third column
(TVC). AL zero level of outpul, TC 15 Jusi the fixed cost. and henee, equal Lo Rs
20, For | untl of outpul. total cost 1s Rs 30: for 2 units of outpul, theTC1s R 38
atud soon,

The short run average cost (SAC) incwrted by the firm 15 defined as the
tolal rost per unil of outpul. We caleuldale Il as

nc
SAC ="q (3.7)

In Tabie 3.3, we gel the SAC-column by dividing the values of the fourth
column by the cormesponding valutes of the first column, At zero output. SAC 1s
undefined. For the first unit. SAC is Rs 30 for 2uniis of oulput. SAC is Rs 10
and so on

Stratiarly. the awerage variable cost (AVC) is deflined as the intal variable
cost per unit of oniput, We caleulate thas

AVC= % (3.8)
Also, average [ixed cost (AFC)1s
AFC= _T:;L (3.9)
Clearly,
SAC = AVC+ AFC (3. 10)

In Table 3.3, we gel the AFC-column by dividing the values of the second
column by the corresponding values of the first column. Similarly. we gel the
AVC-column by dividing the valnes of the third column by the corresponding
values of the first columm. Al zero level of output. both AFC and AVC are
undefined. For the first untl of outpul. AFC 1s Rs 20 and AVC 1s R 10. Adding
them. we get thie SAC equal Lo Rs 30,

The short run marginal cost (SMC) 1s defined as (he change in lotal cest
per untt of change in oulput

change in total cost  ATC
change in owlput ~ Ag
whiere A represents the change tn the value of the variable,

SMC= {3.11)



The last column in table 3.3 gives a numenical example (or the calculatton of
SMC. Values in this column are obtamed by dividing the change in TC by (he

change i outpul, at each level of output.

Thus at =5, .
Change in TC = (TC at g=5) - (TC at g=4) (2.12
= (63) - (49)
=4
Changetng=1
SMC=4/1=
Tubie 3.3: Varlous Concepts of Costs
Quiput |TFC | TWC | TC | AFC | AVC | SAC | SMC
0 20 0 20 - - - -
] 20 10 30 |20 10 a0 1
2 20 18 38 10 a 19 8
3 20 24 A4 6.67 8 14.67 6
4 20 24 49 5 745 | 1295 5
5 20 33 B3 4 6.6 10.8 4
& 20 19 59 333 | 65 .83 6
7 20 47 67 286 | 67 957 | 8
8 20 650 80 2.5 7.5 10 13
9 20 75 a5 227 | B33 | 1065 | 15
10 20 a5 115 2 a5 11.5 20

Just lke the case of marginal proditel, marginal eosl also ts undefined al
zero level of output, 1 1s imporiant to note here that i the short mun, fixed cost
thnw::thﬂng:thum:l of outpuil, whatever change oocurs
1o total cost ts enltrely due (o the change tn total variable cost. So tn the short
mn, marginal cosl s the tnerease in TVC due (o 1nereass in production of one
extra unil of outpul. For any level of outpul, the sum of marginal costs up Lo
thal level gives us the tolal vartabile cosl at that level. One may wish lo check Lhis

camnol be changed.

from the example represonted
through Table 3.3, Average vartable
cosl al some level of t}ulpul Is
therefore, the averags of all margind]
costs up Lo that level. In Table 3.3,
we see Lhat when the outpul 1szero,
SMC 1s undelined. Forthe st unit
of outpul. SMC 1s Rs 10; for the
second untl. the SMC 1s Rs 8 and so
oL

Shapes of the Short Run Cost
Curves:

Now lct us see what these short rum
cost curves look like. You could plot
the data from in table 3.3 by placing
output on the x-axis and cosis on
the y-axis.

\

Crétls
I
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Costs, These ane tolal fiver! coxl FIFD), tofl
pariabie cost (TVE) and (einl cost (TC] curnes
Jor a firm, Total cost fx the rertioal sum of total
Jood cost and tolal varinble cost.
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Previously, we have discussed
thal in order to increase Lhe | Cout
production of outpul the irm needs
lo employ more of the variable
tnpits. This results in an Inerease
in tolal variable casi, arud hence, an
Inerease 1 otal cosl. Therelore. as
autpul Increases, lofal variable cost F <
arul (olal cost increase. Total fxed
cost. however, 1s Independent of the

amount of output produced and AFE:
remains constant for all levels of c
production £l g

Fioure 3.3 ustrates the shapes  Figs 3.4

of total fixed cost. total variable cost ge Fixed Cost. The feed cast
and lolal cast curves far a typical o 15 rectangulor hyperboke. The area
ftrm. We plisre outpul on the x-axis of the rectangle OFCy, gives us the (otal
anid costs on the y-axis. TFC 18 & fboed cost
conatant which takes the value ¢
anid does nol change with the ch:uuq{: tn output. It 1s, therefore, a hortzontal
siratght Une culling the cost axts al the point ¢, AL g, TVC Is ¢, and TC 1s ¢
AFC 15 the ratlo of TFC o @T‘F‘Cisarunslam Therelore, as g Increases, AFC
decreases. When outpul Is very close o zero, AFC s arbitrarily large, and as
output moves lowards inftaity, AFC moves towards zero. AFC curve Is, In fact, a
reciangular hyperbola. IF we' ru'ulllplyr any valiie g of ouipul with s
earresponding AFC, we always ged a constant, namely TFC,
Figure 3.4 shows the shape of average fixed cosl curve for a Lypleal firm.
Wc measure oulpul along e horizontal axts and AFC along e vertical axis.
g, level of outpul] we get the corresponding average fixed cost at F. The TRC
‘bq: calculated as

TFC = AFC xquantity

= OF x 0y,
= the area of the rectangle OFCy,
Conl
We can also ealeulate AFC
froan TFC curve. In Figure 8.5, the
hortzontal straight Une cutiing
the verlical axis al Fis the TFC
curve. Al g, level of outpul, otal
fixed ceist is equal to OF. At g, the ¥ A e
| torresponding potnl on the TFC
curve 1s A Lel the angle £ZA0q,
| be 8. The AFCal g 1s
O
AFC= TFC B s Ol pant
Lrlle 12 11IT] Fig. 3.5
Aq, The Total Fized Cost Curwve. The slope of
= O, T land the angle £Atq, giues us the average fued
eontal g



Let us now look at the SMC
curve. Margnal cost ts the additonal =9
cost that a finn incurs to produce AvC
ont exira unil of outpul. According
to the law of varable proportions.
tmiltally, the marginal product of a
[actor Increases as employment 1
mereases, and then after a cerlain v
potnt, 1t decreases. This means
mttally to produce every extra untl
of output, the requirement of the |

lactor becomes less and less, and 0 e g | g , ?

gltaiﬂ'andglﬂaiﬂ‘ As aresult, with -

i 5.1
the rec oV .I‘.f lﬂf f % -
SMC falls. andmmaﬂuracrﬂ.aln mrmﬂlimqur 3q, gises us the tota | ’L—-— . )
palnl, It rises. SMC curve is, ; h_.{_

therefore, U-shaped. _ - | 7y S —
At zero level of output, SMC 1s undefined. The TVC at a particular level of &7 ——
output is given by the area under the SMC curve up to that level. l S -(";("

easy (o check that SMC and AVC are (he same. So bath SMC and AVC curves

start from the same point. Then, as output Increasés; SMC falls, AVE b:luga‘lw

average of marginal costs, also falls, bul falls less than SMC. Then, aflera pomt, Yoo R A

SMC siarts rising. AVC, however, continues o fall as long as the value of SMC i~ (" L S m—

remins bess than the prevalling vialue of AVC, Onee the SMC has isen sufficlently, 7%, -

s value becomes greater than the value of AVC, The AVE then slarts rising, The 5 [ (

AVC curve is therefore ‘U-shaped. ' =\t 5
As Jong as AVC 1s falling, SMC must be less than (e AVC, As AVC rises,

SMC musi be greater than the AVC. So the SMC curve cuts the AVC curve from

helow at the minimum potnt of AVC,

Now. what does the AVC curye look Itke? For the first unit of output, it is. f/‘:(-l:‘;

e
In Figure 3.7, we measure i
output along the horizontal
axis and TVC along the vertical
axis. At q level of output, OV 15
the total vanable cost Lel the
angle be equal to & Then, V] E
al g, the AVC can be calculated '
as
AVC= % e % it
_Egq, Fig, 3.7
~ Oqy =lan® The Total Variable Cost Curve. The siope
af the angle 2EOqm gives us the arerage
veirireble cosl ol go.




n Figure 3.6 we measure outpil along the horzontal axts and AVC along
the vertical axis, At g, level of output, AVC 15 equal to OV . The tolal vartable cosl
atq,ls

TVC = AVC x quaniity

=Gv’xﬂqﬂ

= the area of Lthe
rectangle OV Bg,.

Let us now look ai SAC. SAC 1= the sum of AVC and AFC. Infttally, both AVC
and AFC decrease as onfput tncreases. Therefore, SAC Intttally falls. Afier a certain
level of outpul production. AVC starts rising, but AFC conttrmons to fall. Initially
the fall in AFC is greater than the rise in AVC and SAC ts sttll falling. But, afier a
ceriain level of production. rise in AVC becomes larger than the all in AFC. From
this point onwards, SAC ts rising. SAC curve is therefore " -shaped.

It lies above the AVC curve with the vertical difference being equal to the
vatue of AFC. The mintmum polod of SAC curve les to the right of the mintmum
point of AVC curve.

Simifar (o the case of AVC and SMC. as longas SAC ts lalling, SMC s less
than the SAC. When SAC 1s rising, SMC Is greater than the SAC. SMC cwve culs
the SAC carve from below al the minimum point of SAC,

Figure 3.8 shows the shapes of
short mun marginal cosi. average )
vartable cost and shor man average o LT

cost curves for a typleal fiom. AVC

reaches s mintmum at g, units of

outpul. To the lefi of g AVC Isfalling

and SMC is tess than AVC. To the : A

right of g, AVC fs risingand SMC fs |

greater than AVC SMC curve culs: P

the AVC curve al ' which s the:

minimum paint of AVC curve. The

minimum point of SAC onnve 1s°8°

which carresponds to the oulput g, o qW T Outgt

It is the iutersection point between. | g g 0

SMC and SAC curves. To the lefi of - .l.t - e et
. SAC 15 falling and SMC ts less eff Run Costs, & e marginid oost,

rising and SMC 1sgreater than SAC.

3.7.2 Long Run Costs
In the long run, all iInputs are variable. There are no fixed costs. The (otal cosl
and Lhe total vartable cost therefore, cotnclde in the long rmun. Long rm average
cost [(LEAC] ts defined as cosl per unt| of output. 1.

¥ | 84

LRAC = q (1.13)

Lang min marginal cost (LRMC) 1s (he change in lolal cost per tnll of change
in output. When output changes in discrete unts. then, fwe increase pmduciion
from g—1 lo g, uniis of cutpul, the marginal cost of producing g,® untl will be
measured as

LRMC=(TC at q, units) -(TC at q, - 1 uniis) 3.14)
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Just ke the short run, o the long num, the sum of all marginal cosis up lo
some oulput level gives us the telal cost at that level.

Shapes of the Long Run Cost Curves

We have previously discussed the returns lo scales. Now let us see their _f -
implications for the shape of LRAC.

IRS tmplies that if we tncrease all the inputs by a certain proportion. output ( (f C\;) 7
nereases by more than (hat proportion. In other words, (o increase oulput by a -" S f
ceriain proportion. inputs need to be Increased by less than that proportton. l\

With the inpul prices given., cosl also increases by a lesser proportion. For example.

suppose we want to double the output. To do that, mputs need o be tnereased.

but tess than double. The cost that the firm tnours to hire those tinputs therefore 71
alsomeed Lo be ncreased by less than double. What ts happoning to the average \
cost here? It must be the case Lhal as long as [RS operates, pverage cosl falls as

the firm inereases outpul.

DIRS tmplies that (fwe want to increase the output by a eertain proportton, .
inpuis need to be increased by more than thal proportion. As a resull; costalso ] s d!,r‘
mcreases by more than that proportion. So. as long as [JRS operates. the average -.,_ ~
cost must be rising as the firm increases oulput. J‘" \

CRS tmplies a proportional increase in inputs resulting fn a proportional =~ [
mcrease in oatput. So the average cast nemans constant as long as CRS operates, /

It is argued that in a fypical firm IRS is observed at the initlal level of <7 F'7
production. This is then followed by the CRS and then by the DRS. Accordingly. 4 T
the LRAC curve is a 'lI'-shaped eurve. lis downward slaping part, corresponds e
to IRS and upward rising pari corresponds to DRS. At the minimum point of the
LRAC curve, CRS 1s observed.

Let us check how the LRMC curve looks like. For the fissi unil of output. f
both LRMC and LRAC are the same. Then, as putpul increases, LRAC tnittally =« 7 - _\k(
falls, and then. aller a certain point. il fises. As long as average cosl is falling. . :'// —a 2
marginal cost musl be less than = /

the average cost. When the - LEMC

average cost is rising. marginal
cosi must be grealer than the

average cost, LRMC corve is
therefore a “U-shaped curve. [ \ /
cuts the LRAC cuarve from below

at fhe minimum point of the
LRAC. Figure 3.9 shows the |

shapes of the long ron margtnal

cost and {he long mnaverage cost i N
curves for a lypical firm.
LRAC reaches {is minimuim 0 % Chatpun
al g,. To the tefl of g. LRAC s Fig. 39
falling and LRMC is less than the

Long Run Costs. Long rm morytnal cost aned

LRAC curve. To the right of g, AT coSt CUnes.

LRAC 1s rising and LRMC is
hgher than LRAC.




* For different combinations of mputs, the production kmetion stows the madmun
quaniily of outpiil Umi can be produced.

I the short ran, seme inpats connot be varied, nie Jong ran, all inpists can be
varicil

* Tolal produrt s the relationship betwern s svariable fopi and sutput when ull
ather loputs are beld eonstanl.

* For any lewel of employment of an input. the sum of marginal products of cvery
wnlt of that trput wp to il level gives the total product of thad. gt an that

employment level.

* Hoth the margiad product and Uie avermge prodiict curves are nverse ‘U -shaped.
The marginal product curve euts the average produrt curve from above al the
maximum pefil of average prodoel G,

= In order bo produce output, the fimm chooses leist cost input combinalions,

= ‘Toinl cost js (he sum of iotnl variatde cosi and the (oipd fixed cost

o Avermie cost is the sum of average variable cost and nverage fived cesl.

* Average fxed cost ourve I8 dovmwand sloping,

* Short rom margina cost, swrage varfubie cost and short mm avermge cost carves
are “U-shaped. .

» SMC qurve cuts the AVE curve from below at the minimum peint of AVC,

* SMC curve euls the SAC curve from below al the minimon puint of SAC.

o In the short mun, for ooy level o outpol, sim’ of murgioal costs up o thol lewel
gives us Lhe total variable cost, The wren under the SMC corve up (o sy lisvel of

outpil gives g the oial varinbde cost op to dmg Sevel.
* Hoth LRAC and LRMC curvis are 17" shoaped.
* LRMC curve cuts the LRAE curwe from below af the minimum polnt of LRAC.

Swmimary

E. - Production funchion Short run

®  Longmmn Talal product

2 Margtrial producl Average product

5] Law of dumitrushing margmal product Law of variable proporiions

| Retums Lo scale

IE Cost function Marpinal cost, Average cosl
" 1. E:l:pl.uln e concopd of o production function,

‘E 2. Wit |s the total p-rrl:lllct af @ imput?
% 3. Wht fs the svernge product of an ingar?

i 4. Whot Is thie murigteell prodiict of an inpuc?

@ 5. Explain the relation=hip between the manginal produets and the il product
\l\ ol mn gl

Expluin thie concepts of the shont mon sl the long mone

Whisi. 15 ihe law of diminishing margmal produgt?

What Is the low of variable proporilotis?

When docs  production function sallsfy constant miums to scale?

10, When does a production fonction satisfy inereasimg retums to seale?

0@ N-m



11, When does a production function salisly decreasing netumns Lo seal?

12, Briefly cxplain the concept of the cost function,

18, Whntare the toval fixed cost, toral varinbde cost oo totnd cost of o firm? How oore
they rolated? f

14. What are the average fxed cost, average varinble cost imd sverage cost'ol o &
firm? How arp fhey related?

15. Cani there be stme fixod cost n (e long run? I7riol. whiy?

16. Wit does the average fixed cost curve look like? Why does I ook so?

17. What do the short run marginal cost, average variable cost and short run
average eomt curves dook like? _

18. w the SMC curve cut the AVC curve af the menimum peint of the AV~ S0
L

18, At which point does the SMC curve cot the SAC caree? Give reason in support,
of your answer. '

20. Why is the short run marginal cost cmrve ‘L shaped!? I‘
21. Whal da the Joug mun munginnl cost and the avermye cost curves lnok Hke? ey
22, The following table gives the (otal product schedule of T 'S
labour. Find the corresponding average product and L o
marginal product schedules of liboiit, 0|0 B
1| 16
2 | 35
3 | 50
5 | 48
23. The following tabile gives the avernge produst sehedule i-— =T g |
of Inbouir. Fiind thie totnl firoduc ik grinrgin] producl,, lacitp AE, |
sohwdules. It is given thot the o product is zoro ot | 2
zemn lovel of labour employment: 2 b
e M1 4
4 425
5 | 4
6 35

24. The following table gives (he marpioal prodoct schedule
of lnbour. I is also given thot tolsd produet of labour is
mero at zevo foved of employment. Caleulate the total and

=g =y g g

25. The following table shows-the total cost sehiedule of o firm.
What ts the total fived cost scheduie of this firm? Caloulaie
e TVC. AFC, AVE. SAC jnd SMC sebedules of the lirm,

ke s =D
E2dgbEs|A




27.

28,

« Lt the production fimetion of a firm be

- The followsg bl gves the ol cost shedule of g oreT]

4 frm. I 1s also given thal he overage fixed cost al
4 unils of output ks Rs . Firid Lhe TVC. TRC, AVC, I B
AFC, SAC nnd SMC schedules of the firm for the 2 65
corresponding values of outpuot. 3 7
4 | 895
B 1330
B 185G
A firo's SMC schedule s shown i LHe Tollo Tt
tatile. The total fixed cost of the firm is Rs:100, Find | @ | TC |
the TVE, TC, AVC and SAC schedules of the firm. ] -
1 | 500
2 | 300
3 | 200 |
4 | 300 |
b | 50O
6| 800

p=si} ki
Find out the maximum possible output that the frm ean produce with 100
units of Land 100 units of K '
Let the production function of o forme be
Q=20
Find out the maximum possibild output that the firm ean produce with 5 units

of Land 2 units of K What is the maximum possible output thal the firm can
produce with zcro wnit of Laod 10 unils of K7

. Fined out the giain possible putpit for a fimm with 2ero unid of L and 10

units of Kwhen ils production fimetion is
'gé BL+ 9K



