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FOREWORD

I anm greatly indebted to Professor M.C. Kemp and Dr. K. Rivett
for their guidance and general assistance throughout. Professor
Kenp's suggestions as to the mathematical formulation of certain
problemns and the handling of somec of the more difficult mani-
pulations have been particularly valuable. Dr. Rivett's devoted
interest in the topic, his constructive comments and criticisms
at various stages have been essential. Without their kind help,
this thesis could not be written. However, I alone am responsible

for the mistakes that remain.

P.N.V.T.



CONTENTS

Chapter I Introduction. P. 1.

Chapter II Classification of External Economics. P. 4.

Chapter III  ZExternal Economies and the Marginal Theory of Distribution.P.26.
Chapter IV External Economies and The Allocation of Resources. P. 37.
Chapter V External Economies and Investment Techniques. P. 55.

Chapter VI External ZEconomies and Balanced Growth, P. T1.

Chapter VII  Summary and Conclusion. P. 92,



OF NEw
%vﬂ““‘" N
KENSINGTON f.;

LigraRrY

CHAPTER I

;nt;gducglon
External Beonomies {henceforth abbreviated to

E.E.) are not new in economie¢ theory. A.Marshall
first defined them as "those dependent on ths
general development of the industry®. These
economies takg the féfm,of “improved organisatien,

" improved methods or machincry which are accessible
to the whole industry", “develoﬁment of meehanieal
appiiances of division of labour and of the means of
transport and improved organisation of allvkinds“,
"advanees made by_subsidiary industries*, “growth of
‘correlated branches of industries which matually
assist one another, pahaps being councentrated in the
same localities", "the growth of knowledge and the
progress of the arts", "?igspapers and trade and
technical publications®. '

Marshall used the'euncept of E.B. to,explain the
falling industry supply eurve in terms consistent
with perfectly competitive cquilibrium, in which each
firm expefiencés rising marginal cost. Marshall's

cxplanation salvages competition, but implies the

1. A.Marshall (13} pp. 266, 318, 615, 808, 615, 317,
266. ' |



inefficiency of the price mechanism: taxes and
subsidies are rcquired to harmonise private with
socizal products.

With the cooling down of the cost controversy .
kindled by this conclusion in the 1920's, E.E.
faded into the background; but reccntly, with the
resurgcnce of intercst in economic development, it
has returned to the stage in a new and versatile
role.

Modern concepts of E.E. are still Marshallian:
J.Viner defines them as "those which accrue to
particular councerns as the result of the expansion
of output by their industry as a whole, and which
are irdepcndent ¢f their own individual outputs"sg)

J.Rebinson defines External Economics in
marginal terms: "When a ncw firm enters the
industry, it may enable¢ all the firms to produce
more cheaply, so that, while cach produces at its
minimun average cust, the cost of the minirun is
reduced&?) External Econonies are thus attributed
to new éntry, which, by adding output to that of the
industry, causes the narginal costs of component

firns to shift downward.

3. J.Robinson {2@] p.34%0

2. J.Vines (?%T p.217.



M.Flemning defines External Econories as ahy
"incrcment in dircet nct product, in net factor
supply, in tax quantun, in governnent services, in
net psychic income, in terms of trade ... which is
brought about by the actions ¢f a particular firm,(u)
other than a change in its own direct net product".

In this thésis, I shall retain the idarshallian
definition of External Economies as "those econonics
(in the forns of greater output, lower costs, better
profit) which depend on the development of the
industry (or industries), and the exploitatioh of
which no one firm alone could nonopolize".

Various types of E.E. will be classified (ch.II)
according to their "modus operendi", and put to work
in several branches of economic theory: ‘

E.E. and the Marginasl Theory of Distribution

(Chapter III)

B. and the allocation of rcsources (Chapter IV)
L.B. and Investinent Teéchniques (Chapter V)

BE.E. and Balanced Growth (Chapter VI).

4. M.Flening {6} p.255-256



Chapter. II
CLASSIFICATION OF EXTERNAL LCONOMIES
"No nen is 2 law unto himself." Sinmilarly,
the ecunonic activitics (consunaption and production)
of a particular decision-making unit (household,
firn, governnent) may change the ecunonic environnent
in the 1light of which a seccond unit takes decisions.
If the change is "beneficial" tu the sccond unit, the
activity of the first unit is said to generate an
cconony; if it is "detrimental", the activity is said
t. generate a disecunuvny. Whether the change is
considered beneficisl or detrimental depends on the
values of the beholder, the economist. And he will
nornally choose the values c¢f the second unit.
LXT=RNAL ECONOMILS OF CONSUMPTION.
The'interdependence of the Consunption and

Qonsumptiun plans of indivicduals and groups has long
been known. The consuxption of a particular
connodity by an individual or a group nay incresse,
decrecase, or leave unchangcd, the satisfaction of sone
others. A nuisy party, at which everyone‘enjOys

hinself, could b¢ a nuisance tc occupants of the
© flat next door. Well kept gardens, beautiful lawns,
nodern buildings, on the other hand, beside the
enjoyment and confort they provide théir”owners,-are

sonetires suurces of satisfaction,. available free of



charge, to passers-by and tourists. Note, howcver,
that the sanc activities may generate E.E. to sone
people and external diseconomies to others: a
beautiful reéidence eonfers E.E. of counsumption on
passers-by, but nay cause envy and disquictude to a
neighbour who wants to "keep up with the Joneses",
and who feels uncoifortably inferior. The high in-
corne and cunsunption of soile peovple nay give a
person pain or pleasure, and so nay his knowledge
of people's nisery. All those cases are referred
to as L.k. of Consunption. In what follows, how-
ever, I shall councentrate on the production side
onlye.
EXTZRNAL ECONOMIES OF PRODUCTION.

Production activities also gcnerate E.E.
These nmay be the effects of producers on consuners
(B.g. Pigou's example of factory sroke and laundry
bills) and vice versa, but I shall confine ny
attention tuv the interdependence of producers only.

Z.B. nay be defined as those econonic gains
(in the forn of greater output, lower costs, or
better prices accruing externally to the firnms
causing then), which depend on the general develop-
nent of the industry (industries) and which are not

subject to explouitation by any one firm alone.



A distinction nay be nade between total,
average and arginal E.E. Total E.E. arec the
total differcnce made to the output or revenue
~or profit of a firm I by the total level of
activity of some other firm II. This diffcrence
could be izeasured by subtracting the output which
firn I would pruduce or the revenue which}it would
obtain if firnm II did not exist, from the output
it actually produces or the revenue it acﬁually
obtains when firm II operates. For example, if as
a result of firm II achieving the level of product-
ion x5, firn I, using the sane anount of factors
lz,szfas'before, experiences an increasc in its
output x; fron say xz(lz;s;) to_xi*(l;5_s;, X5)y then
the difference xz*-x;"is’a neasure of total E.B. If
the level of production 32 results in a downward
shift of firn I's total cust curve fron say C;(xl)
to Ci“(xl,xz) and in a consequent adjustront of out-
put Xy sey fron i;.tp i;” s S0 as to cquatc narginal
cust and revcnuc again, then total E.E. nay be
neasured by the vertical distance (4B in fig.I or
ab tines Xy-in fig.W) between the two total cost

: . o
curves, corrcsponding to the new level Xy .
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Whether AB (correspondlng to xl ) or AlBl
(corresponding to xl) in fig. 1 is chosen as a
measure of total E.BE. is a matter of definition.

The difference between AB and AlBl may not be very
great anyhow, especially when i; and i;*are'close
to cach other.

Average E.E. are obtained by dividing total E.E.
by the number of units of x5, i.c. |
xﬁ?iﬁ,sﬁ, ig)_:- %i(I§,§il or AB (in fig.l)

X2 X2 '

in each case. Average b b. are rather dlfflcult to

calculate, as it is not easy to single out the exact
contribution to output or revenue which is made by
cach factor of production. It is easier to work at
the margin: When all the factors of production of a
firm are held constant, and the output produced, or
factors used, by another firm are allowed to vary
slightly, any difference made to the output or revemuse
of the first firm, as a result of this infinitesimal
change, may be taken to be a measure of marginal 5.E.

Of course, this difference may be negative, positive
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or zero, depending on whether there exist extcernal
diseconomies, economies or no c¢conomies at all, i.c.
no interdependcnce between the two producers in
question.

Zero Marginal E.E. may imply complete absence of E.E.,
but nay also indicate the pouint where all E.E. have
been fully exploited, i.e. stationary values of the
total E.E. curve. Second order conditions are norm=-
ally needed to determine whether total E.E. are at a
maximum or minimum at that point. Where average E.E.
are independent of the scale of firm II's operation,
i.c., total economies are proportional to this scale
of operation, the distinction between the average and
marginal L.E. is futile, since thcy are the same.
But when average =.E. vary with firm II's scale of
operatiuvn, the two diverge: Marginal E.E. are greater
than average E.E. when the latter are an increasing |
function of firm II's scale of operation, and vice
versa. Average E.E; need not be a straight line:
they may be scalluped, fluctuating or discontinuous;
in which case, marginal L.E. would follow the same
pattern.

B.E. may be technological or pecuniary, factor-
or output-genecrated, and static or dynamic. They may
alsc be examined separately for the cascs of perfect

and inperfect coapetition in factor and product markets,
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TLCHNOLOGICAL . AND PiACUNTIARY #AXTERNAL ECONOMIES
1 B o
Technological E.E. are the differences nade-

to output Xp:o0f a firm by the presence of output Xo
produced by, or factors 1lp,sp used by, some other
firn II, within or outside the industry. This inter-
action is direct and external to the narket
mechanisn: products and factors are all neasured

in appropriate physical units, and both factor costs
and product prices are left out of account. If

firn II could appropriate all his product xp or.
charge firm I for this favourable interaction, there
wJuld be no B.5.: the notion of L.E. implies
in-appropriability.

Leononies of this type are called, after Vinéiz
Technological Bxternal Lconomies, because firm II
affects the technological conditivns of firm I's
- production directly, without the intermediun of

narkct prices. This interaction helps reduce the

(1) Where the‘effects of one pfoducer on another are
detrinental or neutral, there¢ exist Lxternal Dis-
econonies, and neutral ecunoumies respectively. These
ray Be considered as the special cases where LE.l, are
negative and ZETO respcctively. I use L.o. in this
general meaning.

(2) J. Viner, ‘L’29J p.213
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technological coefficicnts: the same level of output
could be produced by using less of cach factor 1151;
or alternatively, the usc of the samue anount of each
factor now enables the production of a larger output.
This reduction in production coefficient may bec neutral
in thc sense that each féctor is saved ih the same
proportiony but it may well be biased towards labour,
or capital saving. Marshall's examples of "inproved
organisation, inproved methoas, the growth of knowe
ledge, trade and technical publicationsg;) consequent
"on the general developnent of the industry" nay be
illustrations of technological L.k,

The picture nay be sharpened by introducing
narginal L.BE. The developnent of the industry (in-
dustries) is only possible if at least one firn
expands its scale of production, or at least one new
firn is established. If this "narginal" firn enables
the existing firias to produce more efficiently, it
will create narginal technological E.G. In the case
where this reduction in technological coefficient is
due to innovation, it nay be called innovational I.E.
Pure research iay be considered as an invisible
cbnmodity, costly to produce. But once it has been

conpleted and its results have been published, it

(1) A._Marshallh;@.g p.’.éi‘S and 808
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becones nore or less a free good susceptible of .
various applications. The adoption of ncw nethods
of production by application of thesc results will
save facturs and actualize innovational E.E.
Prufessor,Meade'él>unpaid factor case is another
illustration of technological E.E.: in producing
apples, the apple farier also prouvides free food for
bces. The increase in honey output without a
corresponding increase in factors used, is due to
the increase in apple blossoms.

Assune two firms producing X3 and Xo respectively,
using the sanc factors 1 and s. If the scale of
operation of x2 influences the production of X3, say
if part of x5 or its by=-procduct, now becomes a freec
factor of production of x4, the two production
functions nay be written as:

xp = £(13,s1,%2)

x5 = g(la,s2) ~ eee(1)
and their isoquants shown in the following diagranss
1, 1
\ RN
~xds,xl) \\\ N
X % X
L‘ (P”S‘ » ‘l':,* : LL
0 3 o

{iq, 2 |
P
(1) J.Z.Meade Llh) pp. 54 - 67.
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In fig. 2, each family of %} isoquants (only one of
whi ch, xf, is shown) corresponds to é givén level of
procduction xg in fig. 3. If X5 cqnfers technological
E.E. on Xj, an increase in Xp (from isoquant X5 to Xpy -
with x3%> z3) nay be represented as reducing the
procduction coefficient of X1y 1.6., the x{ level
could be produced with less of each factor, as
indicated , in fig. 2, by a downward shift of

» *e we - * *%
x¥(11,57,%x3) to %) (17,s7,%5 ), with x3 = x1 .
On the other hand, isoquant xf*(ll,sl,x;*), belonging
to a different fanily to Xy, does not have to lie
entircly below xf ¢ it nay cut-it fron above or below,
i.e., technological L.E. need not be neutrals: they
could be factor-saving or -using.

We have been concerned so far with direct or
technological E.E. Whcen the effects of a level of
procduction X5 are felt by the revenue or profit of
sone vther firnm I through narket nechanisn, on the
other hand, there is a case of pecuniary external
econoinies. These take the forms of better factor
and/or product prices.

Changcs in factor prices are often identified with
B.E, 4&s the industry expanis, factor-supplying firms
2ay benefit, in their expansion, from lower product-
- ion custs, if they arc pruducing under conditions of

increasing rc¢turns. These would be partly or totally
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passed on tu their custoaers in the forms of lower

factor pricese.
*r

L'\‘r (,.‘7\A
LNf("‘:)
-- ...x\?’ - '\;N.(*"(ii‘*)"
: A
..... .\t;r/. e e .
) {.5 “,‘. feimy outrur o) x' {;3 5 )(il\‘-r 545-,-3‘.3:3 ou‘?"\»

If x5 confers pecuniary Z.5. on X7, then a higher
level of x5, say x%*'(with ig”; ig), would cause the
long run avefage cost LAd; (fig.4) to shift downward
to LACI* « There exists one LACq corresponding to each

.level of industry output, changes in which are brought
about by the entry of new firms or by the expansion of
existing firas. (Here, that marginal firn causing the
change and E.E., is referred to as firm II, producing
X5)e The vertical difference between LAC{ and LACI*
is a neasure of pecuniary E.Z. in terns of cost
savings, and the cifference nade to the industry supply
is the¢ neasurenent of LZ.B. in terns of output. Industry
costs would be lower as can be seen fron fig. 5 (where
4 and B correspond to a and b (fig. 4) respectively).
It-is_easy”to sec that rising firms' unarginal costs
(at 2 and b in fig. 4) both before and after the shift
is coupatible with falling industry nerginal cost, i.e.,
constant returns. to scale at firms' level (at a,b)

under perfect competition with external econonies, are
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quite compatible with increasing returns'to scale at

industry level. This explains why a firm benefiting
from E.E. cannot expand to the point of becoming a
monopolist. |

If a and b (fig.4) are the points corresponding
to actual levels of production of the firm, AB is the
supply curve of the industry, the negative slope of
which reflects E.E. Note that %,%1 «ee is the locus
of all the relevant points on the rising supply curves
of the industry (not shown), corresponding to each
number of component firms and each level of their
production. Where price is determined depends on the
industry demand curve. ©So long as the latter cuts AB
from above, stability obtains. If it cuts AB from
below, the system is condemned to eternal instability;
and if it coincides with AB, the system brecaks down
under the weight of indeterminacy. Note that AB may
eventually reach a minimum and start rising, which occurs
when Z.E. have been fully exploited. Note also that
LACY (fig.4) need not be equidistant from LACI at every
point: LAC;*'S minimum point may well lie to the right
of the verticél going through LACI 's minimum, which
implies that Xy not only benefits ffom costs savings,v
but also from increasing returns: at the actual level
of production, LACf*may be increasing and LACq constant

or falling.
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The renoval of the assumption of perfect
competition would not invalidate the analysis: when
firms are free to fix their prices, and with unchanged
denand conditions, lower cost conditions due to E.E.
would generally mean larger Output,”lower>prices and
better profit, depending on the price élasticity of
denand.

Beside the fornm of lowering production costs,
pecuniary E.E. nay also take the form of raising of,
and increasing the demand for, the product of the
beneficiary firms. The expansion of X5 is nornally
associated with a fall in its price pys A lower pp
would cause the demand (d;) for X; to increase (decrease)
if x, and X are complenents (substitutes). In the |
complementary case, 127 would normally rise unless the
supply of Xy is infinitely clastic. This means a better
revenue (Ry) for firm I, and, under unchanged cost
conditions, a better profit (Py). Even if a higher
price Py in noney termns does not obtain, a fall in‘pz
nay still be a stimulus to the expansion of'xl, as pllin»
terns of x5 (i.e. %%) is better. All these are forns of
pecuniary E.E.

The incone effect of the fall in p; need not be
confined to X; and X5, but could be spread on the.demand
for other commoditiés which will expand in response.

This expansion pattern nay be effected at the cost of
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contraction of the industry producing the substitutes
of xé. - This cxpansion-contraction pattern nornally

has effects on relative factor prices, exccpt in the
unlikely case wherc expansion Just offsets contraction,
and factor proportions are the same in both the
contracting and expanding industries.

The dissection of E.E. into technological and
pecuniary is rather arbitrary: overall B.Z. nay be
zero and yet there nay exist either technological or
pecuniary E.S. or both, but they may be offset by
external disscunoniesj or technological economies nay
be cffset by pecuniary disecononies, and vice versa.
-For exanple, as output Xy increases due to an expansion
of output xp, the price py of x; may fall, leaving
revenue (Ry) and profit (Py) of firm I unaffected,
‘i.6., there are zero overall E.E. in spite of the
presence .f technological E.E. Sinilarly, costs savings
rcaliscd in the production of X due to Xp's expansion
nay be natched by a fall in py, leaving Rlﬁand Py
unaffected. Better prices (py) may be difficult to
detects as 1) falls, an unchanged price pp really
inplies a better'%%,and is a stimulus to the expansion
of X;¢ there exist Z.E. in real terms, not in noney
terns. Horeover, lower production costs, usually
identified with pecuniary E.E., could be the result of

either technological or pecuniary E.E. or both. Lower
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costs cuuld bs a form either of technological or of
pecuniary E.E. Lower factor prices may be the result
of technologicel improvcenents realised in X5 product-
ionyice., pccuniary E.Z. nay bc the results of
technological E.E,

The best way to express overall E.E. is perhaps
to refer to the profit function (Py) of the firm
benefiting fron E.BE.:

P = P1(11,s1, X2) .«ee. (2)

Where P

Profit of firm I
14,87 = factors used in firm I
%; = output of cach firn (i = 1,2)
More explicitly, profit (Py) nay be written as
the difference betwecn total revenue (Ry = pyX;) and
total cost (C1(1l1,s1,%2)), 1i.c.
P] = p1X3(17,87,%X5) = Cq(19,87,%5) ees (228)
The effects of X, on P1, measurihg output-

generated B.E., could bec expressed ass

apP

—1_ Pﬁfi + % op; 3% op, _ °% .. (2v)

dx2 ox, ax ax2 a%x 3x,
wherc only the first term p, 1 1is pure technological

dC ap ox ax op
E.E.y T and M —t Jized and M —1 i
B.Bes ax? an ax ax2 are dixed an 5%, is
pure pecuniary E.D.
op ‘ X BC

Now 1. as arulej 15, and <o for the

ox dx, ax
case oé E.E. and vice versi for External disecunoniesy

Egl is positive if X7 and X, are conplenentary

an% negative if they are competitive goods.
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Under perfect counpetition, any single firn is too
snall to affect produci price, i.ec., p; is a constant,

and (2P) becores
dpP
—_Jn = p ax.l - a_c_:L * o o o (20)
v dx2 1 Py ox
a narginalist concept which i%éﬁudes bgth technological
and pecuniary E.B. The profit function is thus an
indicator of overeall L.o.
It is easy to sce that profit (Pl) nay be

unaffected if technological E.E. arc neutralised by

pccuniary sxternal Discconomies, and vice versa. Thus,
a.(‘”w“j‘\, a Aood indicator o{,
Yoverall “3.E., alth-ugh a good—indiestor -w£ profit
various Kinds o
function, as a ncans of detectinngxternaf'Economies,

is a poor discrininatOses
FACTOR _AND QUTPUT-GENERATED EXTERNAL ECONOMIES.

Technological and pecuniary E.E. may be either
factor, or output-gcnerated. When the level of
output produced in firm 11 favourably affects firm
I's profit (Pl), E.E. are output-gecnerated. The
cxamplcs given so far in thc abovc secction are all

of this kind.
When thc factors uscd in the production of X,
dircetly influence the production (Xl) or revcnuc (Rl)

of the bencficiary firm I, thore are factor-gencrated

E.Ei’ iiet 11'__-,.

S}r——~
D @ s~

2

1

S

f ——e X1

or more generally, Py = Py (11, s1, 1, 52) wherc Py is
the profit function, which takes into account both
tcchnological and peccuniary E.E.
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Factor-gencrstcd tcchnologicel E.E. mey bo
rcprescntcd in figurc €. - Thc fevoureble effcct of
a change in the lcvcl of fector (12 or sz) used in
firm 11, sey from ly to 13* (with 1¥* > 1%),

X i
1
. — £(1;,s,,18%)
. £(1,,s,,1%)
/—‘\ LR A Fig. 6.
! )

mey bc shown as causing thc production function to
shift upwerd, thus incrcesing thc productivity of the
factors of production of the bcncficiery firm. It is
lcft to the rceder to visueslisc the cocse of factor
genereted peccuniary X.E., snd the more gcncrel cesc of
fector gonecrated ovcrsll E.R. es recprcscnted by
P, (11951’12982 ). Wherc there src fsctor-gcncratcd
E.E., X, is to bc mentslly rcplaccd by 1, end/or 55
in the previous scction (pp. 10-19). For cxamnle
(2a) on pagec 17 is to be rcad:

P; = P1X; (11, s9570s8, ) = C1(17,81,12,85)...(24d)
and the results (2¢c) on page iQ are to be read as:

dp D

1 o1 %% By 3 (2e)

dl, " F13L, " 3L, ' Tds, TP %, T

lowering of cost (Cl) duc to the lovel

G
of factors (12,52) used by firm 11, mey be shown in
figure 7.

131

EiC Fig. 1




20

E.A.C1 represcnts thce locus of the various esverege
costs curves of firm 1 corresponding to thc ectual
lovel of xq, given cach lcovel of 1, or sp used.
EACy is downwerd sloping by the essumption of K.E.
The retc et which EAC; fells depends on whether
Xl is produccd undcr constant or dccrcesing or
incrcesing costs in thc ebsence of E.E.

Thce horizontel exis could in fact bc split
up into 1, or s, and X; axes: EAC; is & function
of both the scele of production of X; end the lcvel

of factors 12,82 used by firm 11,

If the horizontasl axis of fig, 7 rcprcsentcd
X, only, the cffeccts of E.E. could be shown, es
bcforc, by a downward shift of the EAC1 ¢ there cxists
8 differcnt EAC; curve corrcsponding to cach lcvcl
of 1, or Soe
| Notc thet thc distinction bstwecn fector
end output-gcncrated E.E., is mceningful only when
factors erc partly substitutablc: when the
procuction function sdmits of & unique fsctor
combinetion, output-gcncreted E.B. arc also f actor-
generated E. R,
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ST.TIC .oND DYN.iIC AT RN.L ZCONOMILS

thernél Eanuﬁic; nay nlsc be classificd into
static and dynazic, which, in turn, oy be technolog-
“ic2l or peéuniary,.factur or output-gencrated.

Static d.u. arc those which are c.nsidercd as
accruing instantly: the pr.cess of acjust.ent, the
tize path of these adjustiients as well =2s the effects
of xp's past history on x; or revenue (Rl) or profit
(Pl) of the heneficiary firm (I) are a2ll telescoped.
The wew. cunsiCerel s. far are all static. For example,
the procduction or profit functions vf the beneficiary

fir

X f(ll,Sl,Xg)

Pp = Py(1ly,89%5,15,85)
inply that as X5 or 12,32 appear, Xy or Pl are affected
without delay. " 4llthese variables be;ong to the sanec
period of tine, or are rather timeless, undated, and
the past behaviour of X5, lgsp exerts no influcnce on
current Xq or Plf In fact this is aﬁ oversimplification
in ony ceses. The concept of dynaidic E.5. tekes the
adjust.oent ﬁruceSs intv account,

There exist dyneinig =.:. whenever the product,
revenuc, custs, our-swre generally profit of a firn is
dependent oun, anony uthsr'iacturs, thé output produced,
or factors used, by solic cher firz at souc previous

tine., Four exaiple X1y ¥ f(llt?slt’xgt-1,x2t'2...)
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or using the profit functions:
Prp & P1llp sy, ’i: *2 t)
where x; = Ju§ g8 (i = 142).
P1 = Profit of the beneficiary firn
ISS = factors of production
If these tize periudls are short enbugh, we a9y
consider the rate Jf change o% tizc as continuous, i.e.
x1(t) = £{1;(t),s, (%), szdt)
or Ppiyy = P]_'ll(t)lsl(t) gv&gxddt\
Where w is weighted average

Pure research is an exanple of dynamic Ze.d.
Rescarch is an output, coustly to produce, but uncer
present instituticvns, it is nut always iarket-ble,
There usu2ally is a tine leg between invention and
innOVations; which gives S.o. 2 dyneaic charactcer.

o firi which cnters the incustry in an estatlished
area would tenefit, free of charge, fron the labour
force alrealy trained in previous periods by pioneering
firms. Thet is an illustr=tion of factor-;encrated
Aynaaic technological meb.

Suppose that in the absence of u.i., output xj grows
alony B (fig.8). With B.Z., it will grow say along 4C.

Py

_ c
*_ g 4y
P, (13, 5%a frsét)

I X O

Figure 8.

0

+3imn
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There is a different AC line corrcesponcing to each

level of procduction and rate of growth of xg_over‘tiae.
/B need not be a straight and horizontal lines it may
grow at an exponentiéi rate, i.€. upward sloping, or
decline at a certain réte, i.e. duwnwarc¢ sloping, in
which case¢ .C would have to be adjusted upward or down=
wara accdrdingly.

Dyn=:iic pecuniary S.a. e¢xhibit ;uch the saze
featurese: there is a tile 1l2g between the expansion of
the industry (due to the increasc in the output of at
least one firm, olC or new), and the tine its effects on
the profit function of the bencficiary firuas are felts a
tine 1lag between the f211 in procduction cousts and
procduct price revision. Those pecuniery L.&. which take
the foriis uf cost savings nay be picturecd as giving the
beneficiary firm's long run average cost curve o falling
tine shape. In Fig. 9, ;Cl in the abtsence of L.B. is
shown by the top line Cl(li,sﬁﬁ and in the presence of

Sekhey by the bottum line.

AC1' AC1 .
* o :
.N(lvsv det) 7 \
: \‘__AC1
o time 0 ; 1
fig. 9 fig. 10

The top line need not be a horizontel straisht line,
of course, it may be upward or cduwnward sloping, in

which case the bouttom line woulcd have to be adjusted
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accordingly. For a horizuntal top line, the bottun
line m2y be scalloped, fluctuating, or a2y reach a
_nininum<and start rising, which implies that Z.3. nay
eventually e fully expluited. Newspapers, technical
putlications etc., going hancd in hand with the gencral
deveclopizent £ industries, pertly eaccount for this fall
in c.sts over tiie.

One of the cheoracteristics of dynenie S.5. is cost
irreversibility. In the literature, fig.1l0 is usually
crawn to éhow'irreversibility: 48 Xq contracts, avcrage
cost (aCqy) would not follow the path it has taken in
falling down when output expands. sSlsewhere, it is
said that the falling supply schedule must be interpreted
as showing price as 2 function of the¢ quantity supplied,
not vice versa, as it .:akes no sense to say that at
lower prices firas would be willing and preparcd to
Supply iore.

I think a good deal of confusion couuld be avoided,
if we 8plit the horizontal axis of fig. 10 into Xy and
tine axis. When tize is kept fixed, and ACl is a
function of output alone, the cost curve is perfectly
reversible, pr.vided plants and iachinerics are neccano
scts which could be assenbled, disiantled and reasse.bled
at no costs and in no tise. Contracting output would
then 2ean higher unit costs and prices. That is the

case uf stetic L.5. with cost reversibility. Where
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both output and tiie are allowed to vary, a foll

in costs could ican a tine long enough for tastes to
be .changed, technical know how to be acquired
both froa the fir::'s own experience end fron
th-t ofithe.industry, overhead investients to be
undertaken, population to grow. Contracting
output to a smaller scale need not, and usually
does not, ean higher costs: costs behave as if
they heve forgotten the level which they energe
froi and are quite willing to land back on soine
other spot on a lower level. That is dynazic E.Z.
with cost irreversibility.

Like static s.um., dynanic pecuniary Z.B.
could be brought about by cheange in product price.

As pp falls, x. would be demnznded in greater

1
quéntity if xl-and x2 are co:pleazentzry. . It
usually takes time for this conpleﬁentarity to be
developed or discovered. That is Eirschien's
fentailed wantsﬁ%) These time lags -iake the

dynanic S.E.

The above classification of i.i. adopted here,
japerfect as it is, has the aerit of separating the
direct and aarket interdependence of producers,
and are useful in the applications which are to

follow.

(1) 4.0.Hirschmen iB}‘p.68.
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CHAPTZIR III

oK TERNAL oCONOMILG AND THE MARGINAL THIORY

OF DISTRIBUTION

The Jarginél Theory of Distribution rests on the
proof that if all factors of production are rewarded
according to thé values of their :aarginal product, then
the total product will be exactly disposed of. The
adding up" problem goes back to the classical
"residual"itheory which considers rent and profit as
residues left over when the other factors have received
their garginél productsl) Subsequently an attenpt was
nade to proﬁe that the residual rent or profit are also
rent or profit as marginal productsz)

The next development is to preiiise and assume product
exhaustion, based on fixed coefficients of productions3)
suler's theorem has been used to prove that if the
produétion function is homogeneous of first degree, i.ec.,
there is constant rcturns to scale and if each factor is
paid its .:arginal product, total product is coapletely

exhaustecd. Discussions are generally confined to perfect

co:petition, as under .ionopoly, constant returns to scale

(1) i.Berry g:_l] pp. 923-92k.
(2) J.Chapnan (3) pp. 523-28.
(3) L.Walras |30

K,Wicksell~ éi



(1) (@) 1

do not normally obtain.

In what follows, an atteupt will be 2ade to show
in a simplified wodel of perfecct coupetition in both
factor and product aarkets, the implications of E.:3.
for the Marginal Productivity theory of Distribution.

Inagine two firms producing identical or different
products (e.g. milk, or milk and wheat). The scale of
operation of these firns is assumed to be too snall to
affect factors and products!' prices. In equilibrium,
only norizal profit is carned, and the scale of production
is indicated by the point of tangency between AC and the |
horizontal Demand curve. Constant returns to scale
prevail at that point. Vie know that if each factor is
paid its ﬂgrginal product (which happens to be equal to
average product at that point of tangency), total
product is exactly disposed ofe Juler's theorex is very
adequate for the purpose of explaining‘this.

Let x; = products (1 = 1,2)

1j,sici = factors

A = constant

- v emm = .

(1) For a review of the theories of distﬁéﬁggéf
J .Robinson fl§1 PP .398-41kL., Sh%ler E???

(2) The only ca;e ;here constant returns to scale obtain
under uonopoly is that in which the onopolist's
n1arginal cost and nmarginal revenue intersect vért-
ically underneath the uiniuwm point of his average

cost curve.,



If the two production functions
xi - Xi (1]'_,8]‘_, Ci) oooo(l)
arc both hoaogeneous of degrece one in all 14,8;,C4,

we have, from Juler's theoren:

g o= M1+ °% ox; e e o e . (12)
i —al 1 a_S. Si + ac Ci
i 5 1

i.e. 1if factors are rcwarded accordingly to their
aerginal product, output will be exhaused. For a
verification, Xy nay be given a fora of, say, Cobb-
Dougles function % = 4,171 SEQ G\i(i (1 =1,2)
complete exhaustion of products will follow froa the
assunption of houogeneity i.c. of o4 + Biwi = 1.

If x; confers 4... on X3 and there is only one
factor (1j) used in each firm (the genecralisation to
the many-factor case will be nade later), cach
procducing uﬁder constant r<turns to scale, the two
production functions :ay be written sas

x7 = £(19,%5)

Xo = g(12) eoo  (2)
where f and g are houiogeneous of degree one in 17 5X5
and in 15 respectively.

Coapetition will ensure the equalisation of factor's

reward (w) in both firus, i.c.

w = f = Dg df
11 12 where f1 = = 3 & _-= o8
D 1 611 2 812
D= = i.e.y, the first commodity is

by
chosen as unit-
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In fact, 1, does contribute to tre production of X as
an argument of X5 in (2), and is not rewarded for it
under laisser faire couzpetition (3). To do justice
to the factor generatirg E.5. socially optimael factor's
reward should equate not fl; = pgly in (3) but

f_]_l =g 1, (1+ %‘ fx2) eee  (H)

Yo bring these opti.un rewerds about in a free
enterprise econouy, a subsidy rate of 100 (% fxz)% would
have to be paid to 1y, if 1's reward (w5) is to be
~brought into equallty with ll's reward (wy); or a tax
rate of 100 (Eerf )/o would have to be imposed on firm
I, if wq is to gé reduced to equality with ws. The tax
revenue, or the subsidy cost, is exactly equal to the

abnormel profit fy X, realised by fira I as a result of

X2
these outpuﬁ-generated Deme This "abnormal profit® is

what is left over after 1, has been paid according to

1
its private rarginal product fll. This governmental
interference has the effcct of preventing firn I fron
"reaping where it has not sown" and redistributing to
each factor according to its real contribution to social
output.

The gencralisation of this result to the many-

factor case does not challenge the validity of the

above conclusionss (2) is extendecd to

Xl f'(ll,sl,cl,xz)

X g (12752,02) eos. (5)



30
where X3 =~ outputs

1; ,8i5¢i = factors (i = 1,2)

f,g are assuined hciogenous in all their arguments.
Under individual profit maxinization, the priveate
iarginal Distribution Theory lecads to

fa, = Pglz
-8, = Pgsz

fcl = pg°2
Under Pareto optiuality, the social narginal

distribution theory gives:

f11 = e, (o4 £25 )
feq = g°2 (P4 fx3 3

The corumnity could afford to pay factors this, under
conditions of constant returns to scale, as social
product is completecly exhausted as can be seen fron:

11714 5185y 4 c1feps (T281,4 52855+ 280, ) (Paixy)

= X - fx,% 4 Xa(p+fy,) = X1,pXp ees(7)
This total social factor payiizent X1 4 PXp is exactly
equal to total sonlal revenue X1+ PX,5. Thus, under
perfect co.upetition in both factor and product narkets,
if one firm confers S..5. on another and there are
constant returns to scale, the paymnent to factors
according to their social marginel product will result
in a complete exhaustion of products. The paynent

according to their privaete narginal product will
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undsr-exhaust social output. lLiarket rewards fail to
Go justice to factors oI production and governiient

jnterference is needed to bring the Pareto optimum about.

Zach firm confers Z.4. on the other.

There may be cases whenjthe two products benefit
each other. Dach firm, in this case, confers Z.B. on
the other, and benefits from LZ.Z. caused by the other
firn. 4gain, only the one-factor case of output-
generated ... will be examined, the many-f~ctor case
as well as the factor-generated Z.E. are left to the
recader. The homogeneity'assumption will be lifted to
give the problem a more general nature. The production
functions may be written ass

X2 g(lz,xl)

or given the definitc forms of, say:

; -
x1 f?1 xgj 0
x, - 1%2 x?g = 0 (8)
2 2 1 L] L] L] L] L] L] L] L ]

wherc x - outputs

1, = factors (i = 1,2)

Differcentiating with respecet to 11

dx
EEl - B 1 .4 -
" 1 x2vd11 11 1
s 2% L5 _
2 x, d1 dl 0

1 1 1
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o x, dx
B Ay B Llz x
Solving / 1, ™M 1x2 dl 1
dx 1 L T1,%4
dl -1 B8 X - BB
JlE eE) T
2x1 2
% 1
ap =2
Similarly, dx2 12 1
-————'_l 1 - B
1 1 - B,

‘Similarly, differcntiating (8) with respect to 1, and solving:

2
b'e
ax a8y T
1 - —_
dl - BB
2 1 = 1o
)
and x 1 2
dl _ B
2 1 P1Ps
Social factorial rewards arc:
X
2
dx dx o,X L BZP X
O R _Tg I 1
1 a1, a1, 1, ; - BB
o 12
—2 B
ax ax T (oxy + Pyxy)
o = p—2 , —1 . 2 e .. (9)
2 a1, a1, 1 - BB,

These are to be compared with private factors' rewards ofs:

w = f = C"jx"
1 1
1 1
1
= = a
and W2 Pg12 _i_2_px2 s s e 2 5 e o o o .(10)
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This implies that under laisser faire conditions, a subsidy rate

cf BT Elfﬂ
X0 % would bave to be paid to.l1
x1' 1 - 5132
and of ‘
B x’ B x
1+ p 25
2 1 e e e oo (11)
- BB
» (1-BF)

to be paid to l2
If the subsidy is paid, total factor rewards (W¥) in this
simple model would bes

x, + B
W= WKL 4 WXl = 47 * Tpp) oz, + 8,x,)
171 272 tH B8 B <
=%

tc bring this Pareto optimality about-

- -——--—-rx (a + a, ) + DX (a152+ 02)] . . (12)
1 2

Whether this payment W* would exhaust social product or not, i.e.,
>
whether W¥* < & 7 pxz, depends cn a9 B (i = 1, 2)~ As x, and

1 1
px, in (12) are all positive eccnomlcally, only ¢y + ¢231 ’
B B —BB a e
a,Fy + 13 and 1 470 © 11 for ezaminaticn
Put oy + 1 =c
q.2+62=d,

the two expressions q, + @23 and a152 + 31 nay be written as:

1 1

oyt a231‘ = o~ 31_+ 51(d - 52)
= (1~ 8152) + 31(d -1) + (¢ = 1)
Similarly,
oy + a182 = (1- 5132) +B8(c=1)+(a-1)
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Three possible cases suggest themselves:

Case (1) w +a B
1 2 >1 ;

1- BB, 1-85,

a b, +a,

W > X, + PX, , i.e., there is overexhaustion of social product.

This implies that

(a) 8182< 1 or 51(d -1y +(ec=-1) > 0
Ble-1)+(a-1) >0

¢ > 1 a> 1 for,81,82§o

c> 1 d <1 for 31 $ o, 32 >0
F >

c <1 a> 1 for51 0,8230

c>1

d<1 for 51, 52 <0

(v) 5152>o or 31(d-1)+(c-1) < 0
Bz(c-1)+(d-1) < 0

c>1 d>1 for ﬂ1, 52 <0
¢c>1 d<1 for B>o, 3250
c<1 d>1 for 8150, B> o0
c<1 d<1 for B, , B 20
1 2
B
Case (2) ay + ety <1 c"1&}2*'31 <
9
- 3 -8B
! P1%s T2

that meang product under-exhaustion, i.e., W¥ < x, + DX~

The sub-cases (a) and (b) are the same as those under case (1)
except that (a) only holds if
oy + o, %181 + %2
—_— > 0 and —_—

1 - B.P5, 1- 8.5,

> 0
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B B_+ B
Case (3) o vofy Pty
1 -3,B 1 - BB
12 12
W = x, + px, s i.e., there is>$omplete exhaustion of social

output~ This implies that ¢ = 4 = .1~

These three cases give a fairly general and complete picture
of the implications of factér's payment according to their socikl
marginal product, for the cases of external economies (‘in cther wirds,
{81, 52> 0), external diseccnomies ( 81, 52
(31 =52= 0), and 211 that in both firms at once or in one of them,
i.e., 8,40, B =0; B1§ 0, B,
decreasing or constant returns to scale, i.e., 4 + Bi are greater,

< 0) and no externalities
= 0), the cases of increasing

less, than or egua. to, zero (1 = 1,2)» Thus only under conditions
of constant returns to scale, would the Marginal Theory of
Distribution lead to complete czhaustion of social output. That

ig the case of decreasing rcturns to each factor li taken
separately in cach firm, but constant returns to those taken
together; i.e.;, the increasc in li by A would lead to an incregse
in each output X, by less than A, but to 2an increase in social
output by A 3 the priwate marginal product of factors falls short
of their social marginal product~- Sub—-cases (a) arc more realistic

economi cally than (b) as normally O < 51, 52 < 1~

Finally, when only one firm confers EE. on the other, i.e.,

o]

~132 = 0, which means either:

. B= o B> R . W = .
(i) ’ 03 5 Oy in which case, W a.x, + (a132+ “2)px2~

B - . N
As 1 0 implies a, 5

X, = 1?1 x,1 (8) contributes nothing to output x,» then 1, alone

=1, i.ey if x, in the production function

1. Professor's J.B. Ncade's unpaid fackor (systems, /147, v. B)

is this snceial crsc (3) extended to tws factors.
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produces theventire oﬁtput x,~ Thus social factor payment becomes

W* = x1

exhaustion of 3001a1 output, depending on whether Cy + B 2 1.

+ Px, (a + B ), which implies complete, over—, or under-

Similarly, 3132 = 0 mnay also mean:

.. =0 o > WX =
(ii) 32 03 51 0O and W (a1 + a251)x1 + 0,PX

2
which, as above, implies a, = 1 and W* = (q1 + 51)x1 + px, 1
This again, means over—, or under—exhaustion of product depending

>

on whether ay t B < 1, i.e., on whether there are increasing

or decrea91ng returns to scale in 1 and x, in the function

2
x, = 1?1 x?1 in (8)~ In the partlcular case of constant returns
to scale in 1, and x, in (8), complete exhaustion of product

will follow again: Thus, system (2) above becomes a particular
case of this overall picturea

Finally, in the particular case where BB

4Fp = 1, the whole

system breaks down-
If subsidies rates (11) are to be paid to salvage competition
and bring about Pareto optimum, the total subsidy costs would be:

1

1 - 8182

r B1X1(G182 +'a2) + szxz(a1 + Q2B1)] e o o o (13)

In the particular case of constant returns to scale, replacing
oy by 1 - Bi (i = 1,2) (Buler's theorem), in the above gives:
B1x1 + B2PXé
realised in both firms together, after paying li the value of

y which is preccisely the sum of abnormal profit

their marginal product to cach firm. Thus, these subsidy costs
may be met by a 100% profit tax~ This tax on prodit would have
its impact on the allocation of resources, which will be examined

in the next chapter.

1. Professor Meade's unpaid factor case (system 4), 17357 page 57
ie this special case (ii) where Qz,:o)&-.l’%oth %, p,C extended to

two factors.



CHAPT.R IV

EXTLRN.LL BECONQIIIRS

AND THE ALLOCsTION OF R..SJURCEHS

The effectiveness of competitive resources
allocation in bringing about Parcto optimality had been
questioned long ago by A.ifarshall and s.C.PigouEl)
Government interference is therecfore NECessary.

This conclusion has been challengedfﬂ)

This chapter is an application of the conclusions
arrived at earlier, to the problem of resource
allocation, and an attempt to show the validity of the
iiarshall-Pigou argument in a model where E.L. exist,

The a2llocation probleinn where E.Z. are present will
be exanined under perfect copetition in both factor
and product narkets. I shall start with the case of
perfect competition with no E.=., then introduce E.E.

to examine the difference they make.

(a) Perfect Compeition with no 3.E.

The best way to study the allocation of resources
under perfect couwpetition is, perhaps, to examine the
profit functions (P; and Pp) of two firms. Profit is
defined in the usual way as the difference between
total revenue and total cost. The scale of operation

of each of the two firms in question is assumed to bc

(1) é.iarshall [13) pp.467-470
\
4.C.Pigou (17} pp.172-179
(2) See Ch.I above, pp.l=k
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too small to affect product and factor pricese.
Profits are:s

P = £(11,s1) - C1(11,s1)

Py = pg(lo,sn) = Col(lpyso) ... (1)
where f and g are the two production functions,
Ci =wlj4 rsy (i =1,2) = cost functions
li,si = factors of production used by two firms

(i =1,2)
w,r = factor prices which are equal for two

firms, i.e. Wl Wo = W

P eB T
P = F& i.e. com 10dity one is taken as unit of
1
measurement.
First order profit maximization conditions imply

the following allocation of resourcess

P
—a—‘l=f1-w= aP2=pg1—w=0
811 1 3l 2
2
E’_Pi=fs__r= aP2=1;>gs--r=0
as1 1 asz 2
or w = f11 = pgi
r_f — 2000....0(2)
= = Dpg

1 S2
i.e., factors are used up to the point where an addit-
ional unit of any one factor would make no difference

to profit Pyj5 in other words, up to the point where the

value of factors! marginal product is equal to factor

pricee.
Product prices will be
f
P - --E-]; = fll
or P = Sl = .gj_z_ oo e (3)

17 €12
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i.c. factors are allocated in such a w2y that the
ratio of their aarginal product is the same in each firm.

Thus factors are paid according to the value of
their private marginal product as seen by the profit
maximizing firms working separately, and product prices
are set at the competitive level. This business
situation also reflects a social optinum, as can be
seen by joining the two firms together:

P = f(1l7,57)4 P8(ly,85) = w(lwl,) - r(sq+s)

First order conditions also give _%1%= %1;.. - 0 (1=1,2)
or w = fll = PEl, * *

r = fs) = pgg, and p ™ iéi = gig eee (&)
1o
Thus, there is no divergence between the private and
social values of w, r and p.
(b) E«8. and Individual Profit maximization.

Let us now introduce technological Z.E. into the
above simplified model and retain all the other
assuinptions mnade.

Suppose part of X5 (or its sub-product, or factors
used by x2) now slips out of producer II's hands and
favourably affects I's production. Then X5 could be

considered as a free factor, i.e.

Py

£(17,571,%5) = Wly = TSy

Po pg(ly,sy) = Wwly - rsp eee (5)
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Under perfect conpetition

w = fl = pglz

1
r = fsl = pgs2
p = fgl' = fll
€s2 81,
or g1, = % 5 Bsp = % veo (6)

i.c. factors are used up to the point where the
contribution made by the last units to revcnue is equal
to their real cost at the wargin. Thus, coapetitive
allocation is the same as if no Z.4. existed at all.

(c) Technological External Zconomies and Pareto efficiency

The socially optimal resources allocation may be

shown by joining the two firms together under a single
managemnent. First order joint profit maximization
conditions implys |

P=f (il,sl,xz(le,s%if-p@(lz,sz) - w(ly+1y) = r(sqt+sy)

First order conditions are: seseeess(T)

2P _ - -
511 f11 w 0
2P = fx2g12 * Pgig - w =20
1o
or .l Tiriuiy, y = fll = fx2g12 4 DPglo (3)
similarly, r = fsl = fXngz + pgsz ese (8)

i.c. factors are used up to the point where

(3) 48 = nunerical exaiple, we noy put(p = 1

8 o : (fll = £4l
and (8) beconcs w nfll=fX2g12‘i pe1s gfiéz-: 401
= £44 = 0.1x40 + 40 (£a1 = <88

(ggp = £80

r = fsy = £,8s504 PEsp
= £88 = (0.1) 80+¥g0
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g12 = L] = fl]_
Pr b¥ Ixp |
r - fSJ
g82 - p+ fX2 - p+ 7 0o (9)
X2
p = %, - fx2g12 - T - f )
1 g1 - = _s_:.l'_____x;.a.%EQ eece (10)
2 . gsé
f -

L comparison of (9) and (10) with (6) shows that, so

long as there are E.E., i.e. £, > o (g12> o of course):

X
(i) The use of factors in firm iI will be pushed further
in (9) than in (6), under the usual assunmption of
dininishing returns, i.e., pushed to the point (9) where
their marginal product declines further than at (6).
(ii) slternatively, if could be said that where E.E.
prevail, the conpetitive product price (p) corresponding
to the same output level (i.e. 2t the output level where
g1, in (10) hos the saue value as €1, in (6)) is higher
than socially optimal price, as c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>