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A B 5 T RAe T 

In this paper we analyze the comparative static effects 

of the introduction of cost reducing technologies on the output 

and profits of a non-collusive oligop~ly, as well as those of its 

members. We show that even though each firm tries to maximize its 

profits by decreasing costs and increasing its market share these 

actions may bring about a decrease in everyone's profit rate. We 

also show that size matters, that in a world of heterogeneous firms 

dominant producers take better advantage of the new technology. 

Unevenness is heightened by the neutral diffusion of cost reducing 

technological change. Finally we prove that profit margins (aver

age or marginal) are a bad indicator of what happens to profit 

volumes and rates; the former can rise while the latter could fall . 
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RES U ~I E N 

En este trabajo analizamos los efectos est§tico-compara

tivos de la introducci6n de tecnologias eficientes sobre 1a pro

ducci6n y las ganancias tanto de una industria oligop6lica como 

de sus ~iernbros. Probarnos que aunque cad a empresa trata de maxi-

mizar sus ganancias reduciendo costos y aumentando su penetraci6n 

en el mercado, estos intentos pueden provQcar una caida en la tasa 

de ganancia de todos los productores. Asimismo, probarnos que e1 

tamafio de una empresa es una variable crucial: en un mundo de em

presas heterogeneas, las mas grandes aprovechan mejor 1a introdu£ 

ci6n de nuevas tecnologias. La difusion neutral (instantanea y 

gratuita) de cambios tecno16gicos que reducen los costos de todas 

las empresas en la misrna cantidad aurnenta la desigualdad indus

trial. Tambien mostramos que los margenes de ganancia son un muy 

mal indicador de 10 que Ie sucede a los volGmenes y las tasas de 

ganancia: aquellos pueden aumentar aunque estos caigan. 
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In this paper, we analyze the comparative static 

effects of the introduction of cost reducing technologies on the 

output and profits1 of a non-collusive oligopoly, as well as 

those of its individual members. In the case of a competitive 

producer who sells all it wants, the only motivation for such an 

introduction has to be the direct cost reductions that accrue to 

him. Similarly, a monopolist is only i~te~ested in the producti

vity gains of the new investment, since its sales are directly 

bound by the size of th~ market. 

In an oligopolistic environment, however, the reaction 

of market prices to output changes depends on the behaviour of 

other producers. Hence firms can be enticed'by the possibility 

of further market penetration. The first firms that lowers its 

asking price could increase its share of total sales to the 

detriment of its competitors, thereby increasing profits. The 

other firms would then have to take defensive actions, triggering 

a process only bound by the e~asticity of the demand curve and 

the interaction amongst the players. The outcome is far from 

obvious. We show that it is possible for everyone to be worse 

off in the new equilibrium2 In that case, a fallacy of 

composition has appeared: each firm attempts to maximize its 

profits and by so doing brings about a lower rate of profit for 

the industry as a whole. 
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We also show that size matters. In a world of 

heterogeneous firms, the initial distribution of market shares, 

corrected by the relative resporisiveness of all firms to the 

actions of each individual one, determines the degree to which 

the new technology heightens unevenness. Specifically we prove 

that the neutral (cost free and instantaneous) diffusion of cost 

reducing technological change can lead to a fall in the sales of 

small firms which are taken up by large ones. Furthermore, what 

happens to the industry as a whole is no guide to what happens 

to each specific producer. In a shrinking (expanding) market, 

big (small) firms can fare better (worse) than average: their 

output, profits and rates of profit may increase (decrease) in 

absolute terms. 

Section I describes the basic one sector mode1 3 used 

in tneexercise. It is a specific application of Seade's work 

(1983). Section II analyzes the effects of the introduction of 

profitable technologies in an industry composed of identical 

firms. Section III generalizes the results to a heterogeneous 

industry in which firms differ by their size, their production 

function, and their market importance. Section IV presents a 

numerical illustration of the results of the previous section 

and Section V offers some conclusionR. 
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I The Model 

We use Seade's conjectural variations oligopoly model 

(1983) to analyze the introduction of new technologies. Consider 

a firm (l) which tries to maximize its profits (~l) by manipula! 

ing its output level (ql). As is well known, if the firm sells 

its output in a competitive market, it is a price taker and 

its sales decisions have no bearing on 'the price at which it can 

sell its output. If, on the contrary, it is a monopolist, any 

attempt to sell more will bring about a price decrease which 

will chip into revenues. In an oligipolistic market, however, 

the reaction function of market prices to output decisions 

depends on the behavior of other,producers. Assume there are n 

firms in this market, and call 

n 
Q - L 

i=l 
q. 

-<.. 

the total output produced and sold. We will label 

c 
Q = r (q) 

\ 

(1) 

(2) 

its conjectu~ed value which is a function of the behaviour of 

all firms in the market. In general r will depend on the struc

ture of the industry (represented by the vector of outputs q) 

and the process of expectations formation4 • In this simple , . 

setting we assume that 

y . 
.(. 

(3 ) 



• 

4. 

can be treated parametricallyS. i's cost function is represented 

by: 

C . = C (q. , T) 
-t -t 

C ::. de > 0 
q - Tq. 

-t 
(4) 

where T is a shift parameter that reflects the state of technical 

knowledge and we assume there is no fixed capital. The market's 

inverse demand function is: 

p=p(Q) .-~ < 0' P = ClQ 

The firm will try to: 

Max 

q. 
-t 

TT • :: p ( Q ) q. - C..t ( q . , T ). 
.(.. .(.. .(.. 

(5 ) 

(6) 

The first and second order conditions for a maximum of (6) are, 

respectively6 

-t p' y.q. +p-C = 0 .(.. .(.. q (7) 

and 

i.. p" y .q. + 2p' - C < 0 
.(.. -t qq (8) 

For equilibrium to be stable we need, furthermore7 : 

p" y . nq . + p' (n + y .) - ci.. < 0 
~ ~ ~ qq (9) 



s. 

t c'<' < 0 
)' A..~ P - qq (10) 

,'78 ; .. ··,.,rn~~ C:-'~T\l.lt.;()n (7) - (10) to be fulfilled for all firms • 

.. 

• r 
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II The Symmetrical Case 

Suppose, to begin with, that all firms are identical: 

y. ="), and o· = 9 :: q, ~ /. \-J e p rove inA p pe n d i x I th at 
.{ • .( r, '\. 

profitable technologies will: 

A) make it profitable for each firm to produce more. (PI) 

B) cause market prices to fall. (P2) 

Those results are hardly surprising: since we have assumed the 

new technology to be .cost reducing, total output should increase 

a~d its price decrease as we move along the market demand curve. 

These well known results in a competitive or monopoly setting 

extend to the case of identical oligopolistic firms, because 

market shares remain constant. 

C) cause marginal profit margins to decrease if the 

elasticity of the slope of the inverse demand 

function (E) is bigger than 1 and if we posit 

constant returns to scale. 

In the case of isoelastic demand curves, prices will always 

fall more than costs, an unexpected result if one were to 

(P3) 

extrapolate from the competitive case when they change in unison. 

On the contrary, it is very much in keeping with what happens to 

a monopolistic producer where: 

(: 
p=MR·-1 £-

( 
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for £ the price elasticity of the demand for output. If we 

assume profit maximization: 

MR = Me 

and 

£!E
T 

__ £: dMR 
CIT £-1· aT 

where £ 
£-1 

has to be greater than 1 if marginal revenues is to 

be positive. 

D) cause the volume of profits and the average profit 

margin to decrease, if E i~ bigger than 2 and the 

technologies considered only decrease variable 

costs. 

Profit volumes, average margins and rates will be constant if 

the elasticity of demand (c) is 1. If it is smaller than 1, 

(P4) 

profits and average margins will fall. We know that no monopolist 

would ever produce in such a range because marginal revenues are 

negative. But it precisely the competition amongst non-collusive 

oligopolists for bigger market shares what pushes them into itS. 

While the marginal revenue for the market as a whole is clearly 

negative, each one of them could increase its revenue by ~q.p* 

(where p* is the new market price) if it could sell cheaper. 

That provides an incentive for each producer to introduce the 

new technology as long as it is cost reducing (Okishio profitable). 



• 

8. 

As they all do the same, though, the marginal revenue of the 

market as a whole is negative, which brings total profits down. 

Cost reducing technolugical change has incited each of them to 

be more voracious ar!d the. t has brought about their own demise. 

Their joint actions have moved them further away from the 

collusive solution and closer to the one that would prevail 

under perfect competition, thereby chipping into their profits. 

~) sometimes bring about a fall in the rate of profit. (p 

, 
A decrease in profits is not enough to bring about a fall in the 

-
rate of profit since production costs could decrease still 

faster. The result shown in Appendix I indicates that the profit 

rate will fall in the isoleastic case aSE ~ 0, as well as when 

E ~ 00. Indeed, there can be no oligopolistic solution in either 

of those two cases because the marginal revenue curve is indistin 

guishable from the demand curve. Hence, the closer E is to 0 

(or to 00), the more slippery the road that leads from the collusive 

solution to the competitive one. Therefore the more likely it is 

that profit rates will fall as oligopolistic "super profits" 

disappear e. 
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It is also shown in Appendix I that by giving some of 

the parameters their apIJropiate values we obtain the usual 

results for the cases of p~rfect comp8titio~ and rnonop~,Jy . 

• 
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III The Non Symmetrical Case 

These unexpected results could be attributed to the 

the same amount of output and r~act the same way. It could be 

argued that in a world in which firms react differently, some 

will pray on others and that these changes in market shares may 

significantly modify the propositions p~eviously offered. We 

try, in this section, to extend our results to·a situation in 

which firms differ in their behavioral responses, their produc-

tion function and the amount of output they produce. We assume, 

however, that the new technology decreases marginal costs by 

the same amount across all firms: 

(11) 

We show in Appendix IJ that profitable technologies 

will cause: 

A} the total out},\.·: .. , produced by all ti.cI:1S t.O increase. (P 

B) market prices ~0 fall. (P7 ) 

As before, these two results are not surprising. 
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C) industry-wIde I~,ar(dnal profit margins to decrease 

i f \ve ass U::i (;:, d ::- },..:.. f () 1 t, con s ton t r E. t u 1" n s to sea 1 e 

and E J • ( I- c ; 

Once more the homogenous di f1 USlon (;f technolo01cc..l Cflange irl a 

world of heterogenous firms will cause prices to fall more than 

costs, if the demand for output is isoelastic. 

D) the output of some! of the smaller and/or less 

imporLant firms to decrea5~-

In other words, size and respectability matter. Condition (A31) 

defines the compensated markEt share of a firm as: 

Firm ~ will produce l~ss output if: 

6 . 
.{ 

Why would technological change, that decreases all marginal 

costs by the same amount and is ,freely and instantaneously 

available to all firms, fa\:or the bigger and/or more dominant 

ones? Consider two firffis (I and II) with the same y's but 

different market shares, and calculate their marginal costs of 

production. From equation (7) we see that: 

C I == P , yq _ + P 0 
q 1 

II 
C == q 

o for 

(P~O 
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Since p' < 0 and 

gll 
') g1 , then 

C (, 
C.; 

q q 

The firm that produces more has to have a smaller margipal cost 

of production. Indeed if both I an II were consid~ring increasillg 

their production by one unit, the conjectured m&lhet output 

would grow by y uni ts and the pI'ice would fall by t.nE:' same amount 

in both cases. But firm II wouJd incur a bigger loss of total 

revenue because it produces more. Hence, to be in ~arginal 

equilibrium, II must have low(;;r production costs. 'l'bot is why 

si ze matters. Notice though that. it has nothi ng t.(1 Ci~·, wj th 

differential access to techllology, but is a CGIlsc::gu.:.nce of the 

is introduced, the biggE:r firncs can undercut tht: i;fi,,-.J1E;r Of,es 

market share). 

E) the profit lev~ls of the bigger and/or ll0re dominant 

firms to increase even if industry wid~ profits 

decrease. 

Given Proposition 9, Proposition 4 has to be amended to incorpo-

rate the effect of the size of the firm. The profits of the 

growing firms can rise even though the industry's may be falling 

if their market shares increase enough. On the other hand, the 
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1 firms that loose the most market (~.( < < 1+( ) can see their 

profits shrink while the industry's are risiDg. In a heterogenous 

world, initial conditions are crucial: onct. an equj]ibrium is 

perturbed by technological change, big f 1 rws pI 0)' on small ones 

thereby increasing the degree of concentration. 

F) the average profit margins of the bigger and/or 

more dominant firms -to decrease if E> 1. (Pll: 

This proposition should not be surprising in view of P4, P9 and 

PIO. It shows that average profit margins can be very unreliable. 

Indeed, if E > 2 the bigger firms could see them decrease while 

their profit volume rises. Conversely, for 1 < E < 2, the , 
smaller firm's profits could fall while their margills increase: 

their output decreases so much that bigger margins do not help. 

G) industry wide profits will decredse if E> 2. 

This is the equivalent of P4 and can be interpreted the same 

way: as oligopolists try to capture each other's market, they 

push one another into a region that is clearly unprofitable for 

them as a group. The bigger firms can still ~rofit from such a 

(P 12) 

change but the industry as a whole will loose (the losses of the 

small firms are bigger than the gains of the big ones). 

H) the industry wide rate of profit will fall if the 

price elasticity of demand (E) differs enough 

from 1. (P 13) 
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This is the equivalent of PS. 

I) the firm's rate ot profit need not change as the 

industry's: it depends on the fire's market 

position. (P14) 

We cannot establish the existence of firms that go against the 

current, because that depends on the ac~u~l distribution of 

outputs and "market influence". The more numerous and diverse 

firms are however, the more likely it is such firm(s) will 

exist. Hence heterogeneity can lead to higher levelsofconcentra 

tion in an industry because exter~al shocks will favor (disfavor) 

the bigger (smaller) firms. If, to begin with, the industry was 

in long run equilibrium (equal rates of profit across firms), 

technological change will bring about differential changes in 

profit rates depending on each firm's market position. 

Therefore the results of Section II are robust to the 

heterogeneity we have introduced with the covenant that a 

rirm's market position (represented by ~.) makes a lot of 
.(. 

difference. 
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tion in an industry because external shocks will favor (disfavor) 
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technological change will bring about differential changes in 

profit rates depending on each firm's market position. 

Therefore the results of Section II are robust to the 

heterogeneity we have introduced with the covenant that a 

~irm's market position (represented by ~.) makes a lot of 
.( 

difference. 
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IV A Numerical Illustration 

Consider an industry wi th ten firms (I, II, ..• X) 

which produce, in total, 100 units. The first one produc~s ~~ 

units while the other nine produce ~5 uni ts each. We aSSU11i0 i;;n 

isoelastic demand curV8, constant returns to scale and that the 

conjectured market reactions are the same for all firI,ls 

(y . = Y tj.). Suppose our ini tial parameter' values ar €: 
..t ..t 

£ = 2, ,)' = 2, P ~ 2 and E;, = - 10% 

In the new equilibrium, total output will inclease 

16.67%, and the market price will decrease by 33.34% as can be 

seen from (A26) and (A27). The big firm will produce 24.16 more 

units (obtained from A30) while the smallones will ploduc~ .83 

fewer ones. Their profit rates will increase 17.54% iL the 
E 

former case and only 2.9% in the latter: production ccs~s iJSe 

14.16% = 24.16% - 10.00% but revenues grow 34.86% for fir-m II cost 

decrease 26.6% = 16.6% - 10.0% and revenues fall by 23.7Sf; f01' 

I 
the other nine. Finally we may want to notice that totol output 

produced, marginal costs of production (and their difftlence) 

depend directly on ) . 
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y 1/2 1 2 3 

L 
dq· 
?f- 11.11 12.5 16.67 

e I 1.725 1.45 .9 
q 

e II-X 1.975 1.95 1.90 
q 

• -

c I cII- X -.250 -.50 -1.00 
q- q 

I -

',. 
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V Conclusions 

This paper has tried to analyze the impact of the 

introduction of new technologies in output and profits in an 

oligopolistic market. While working in a microeconomic 

framework (the analysis of the behavior of specific production 

units), we have obtained as intrinsically macroeconomic result: 
. ' 

a fallacy of composition. Even th9u9h each firm introduces the 

new technology to increase its profits (decreasing costs and 

thereby penetration new markets) the result is often that industry 

wide profit volumes, margins and rates decrease. Since the price 

(output) that characterizes a fully monopolized market is bigger 

(smaller) than that of any non-collusive oligopoly, cost 

decreases have induced firms to produce more, breaking the 

stalemate their uncoordinated decisions had put them in and 

pushing them towards the compet·~ive solution which entails 

lower prices, more outpu~ and smaller profits. Such a failure 

of the invisible hand provides strong incentives for the 

establishment of a policing body (legal or not, state supervised 

or not). 

We have also shown that size matters, that big firms 

fare better than small ones sometimes praying on them. For that 

result to obtain,though,we had to assume U-shaped cost curves. 

J 
j 

I 

I 

J 
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Indeed in a world of constant marginal cost curves it is 

difficult to conceivE:; of a Hl(-:cLulJisfll thut determines thE: ev(;lutioT, 

of market shares as a ney,' tecLno] og~y' !,C"comes available:. The 

evolution of market shares, however, cannot be predicted without 

a fully dynamic model. While producers smaller than a given 'size 

may tend to shrink while big ones grow, we cannot determine a 

priori whether one firm will slowly take over the whole market 

or some stable multifirrn structure will emerge. Finally, we 

found that profit margins are a bad indicator of what happens 

to profit volumes or profit rates. The former can rise while 

the latter may fall . 
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Footnotes 

1 Volumes, margins and rates. 

2 We assume of course that both equilibria are stable. 

3 It is not.~asy to construct a two sector model which 
captures the effects of oligopolistic competition without 
specifying the relationship between ~r6fit rates across 
sectors. That could have been a distraction from the main 
argument of the paper. 

4 See Seade (1980a, 1980b) for the conditions under which 
this model is stable and Iwai (1981) for an extensive 
discussion of expectations. 

5 Y = 1 for the case of a monopoly and y = () in the' case of 
perfect competition. Notice also that if there are n 
identical oligopolistic firms in the market, n is an upper 
bound on "f. 

6 We assume all ~nctions to be twice differentiable. Notice 
that equation (7) implies that p : C~ the difference 

q 
being the oligopolist's rent. 

7 See Seade (1980, b) p.24. 

8 Notice that for a stable solution to exist when E> 2 we 
need: 

yqp" + 2p' < 0 from equation (8 ) 

y nqp" + (n + y) p • < 0 from equation (9 ) 
. 

and nqp" + 2p' > 0 from equation (A6) 

Those restrictions are compatible with each other as can be 
seen from the following numerical example: p' = - 100, q = 10, 
n = 30, p" = 1, Y = 10. It is obvious however that in the case 
of a monopoly (y = n =1) these three condi tions are 
incompatible. I am thankfull to Amit Bhaduri for raising 
this issue. 
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Appendix I 

The Symmetrical Case 

This AppeDdix relies heavily on Seade's (1963) paper. 

Proof of Proposition 1 (PI): "Output produced will increase". 

Rewrite (7) as: 

p' (nq) y q + p (nq) - C ( q , T) = 0 . q 

Total diferentiate to obtain 

where 

p' y dq + yq p" ndq + p' ndq - C dq - C dT = 0 qq qT 

c =~ 
qq dq 

and 

Rearranging (10) obtain 

= 
P tI Y nq + p' (n + y) - C qq 

(Al) 

(A2 ) 

If we interpret Okishio's profitability criterion to 

mean that the marginal cost of production will decrease with 

the new technology (CqT < 0), this expression is positive since 

the denominator of equation (A2) is none other than equation (9). 

q.e..d. 



A2 

Proof of Proposition 2 (P2): "Market prices will fall". 

Assuming no bankrupcies, no exits and no entries in 

the industry we use equation (5) 

p = p (ng) 

to obtain 

~ = p'n ~ < 0 

Proof of Proposition 3 (P3): "Marginal Profit margins will 

decrease if E > 1". 

(A3) 

q.e.d. 

To analyze the behavior of the marginal profit margins 

we calculate the difference between the fall in prices (~) and 
aT 

the fall in the marginal cost of production (C
qT

): 

D _ p'nCqT . 
- p"ynq + p' (n +y)-C qg 

- C qT 

[p'n-p"ynq-p'n-p'Y+C ] = CqT qg 
p" Y nq + p' (n + y) - C qq 

= C [Cgg - p" ynq - p , yJ 
qT p" y nq + p' (n + y) - C qq 

(A4) 
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Since C
qT

< 0 and the denominator is also negative 

because of equation (9), D is ~ 0 depending on 

C - ptlynq - ply being 
gq 

o 

The slope of the inverse demand function is p' = ~ and its 

elasticity is: 

(~)I ~ 
E = - dQ Q 

= - ~= p' 
-~ 

p' 

If E > 1 

- nqp" < p' since p' < 0 

A3 

(AS) 

(A6) 

As can be seen from equation (AS), if we assume Constant Returns 

to Scale (C = 0), marginal profit margins will fall when E > 1. qq 

q.e.d. 

Proof of Proposition 4 (P4): "Profits and profit margins will 

decrease if E > 2". 

Given the definition of profits: 

TT = qp (nq) - C (q , T ) 

calculate 
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A4 

dll P dg gnp' ~¥ -c de 
dT = + _ •.. _-P -

dT q (: '~' ''1' 

do r "I 
!P + gnp' C I - C

T = aT - I 
L q 

Hence, technological change has two impacts on profits. The 

first one works through the change (increase) in output 

produced, and has three components: 

- revenues increase (at a given market price for 

• output) 

- but the price charged decreases as we move along 

the market demand function. 

and production costs increase as production does 

(at a given marginal cost of producing) . 

Tn~ second impact raises profits directly by decreasing total 

costs (-CT>. To see which is stronger use equations (A2) and 

(7) to obtain: 

dT. = CqT p' q (n - 1') 

CIT p" ynq + pI (n + y) CT 

Since n is a naturai upper bound for : the first term is negative 

while the second is positive (-CT) L'~~ w~ do not kno~ a priori 

which is bigger in absolute value. If we restrict ourselves to 

constant returns to scale pro~uction tunc~ions for which 
! 
I 

reductions in total costs a~e proportionnl to output (no change 

in fixed costs), we can adfnce" Sorl\2 n,,)'-". Suppose a cost 
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function such that 

then we can write 

dT: = CqTp I q (n -y) - CqTq [p"ynq + pi (n + y IJ 
CIT p" y nq + p I ( n + y) 

C yq( - 2p' - p"nq} = gT 
p" y nq + p I (n + y) 

and, using equation (A6) 

d Ti _ C gT Y q (E - 2) P I 

CIT p"ynq + pi (n + \) 

Hence, as long as E > 2 profits will fall. 

Define the average profit margjrl (Pm) as 

P =;i 
m -q 

Hence, using equations (A2) and (AS) 

dlTm = ,..... CgT 
q2 LP"ynq + pi {n + I)J 

which is < 0 if E > 2 

[yq2 (E - 2) p' - 11] 

AS 

(A 7) 

(AB) 

(A9 ) 

q.e.d. 
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A6 

E being > 2 is a sufficient but not a necessary condition. 

Indeed, if we assume constant marginal cost E> 1 is enough. 

'I'o prove that, replace e~uation (7) in yqZ (E - 2) p' - Ti to 

obtain 

dP m 
CIT == -

( E - 1) 

q2 [p "ynq + p' (n + y) ] 

Proof of Proposi tion 5 (PS): "Profi t· rates may very well fall". 

Since we assumed that none of the technologies 

considered uses fixed capi tal and that the payments to the factors 

of production have to be done ~t the beginning of the production 

period, all capital is working capital and the profit rate (r) 

is defined as: 

T. 
r==-

C 

==E.9. - 1 
C 

If we maintain our previous assumptions (Cgq == 0, CT == C
qT

. q, 

de 0 ) == , dO 

Using equations (7), (A3) and (A7) we obtain 



• 

• 

•• 
Using equation (A2) 

~ = C9T rCD + Cop' n - PC!:' p"~ - p~. q - pC2 ~ }-,.I : n - P. CJ:' pIn - pq 2 pi) ] aT C'::D i·.... .. 
L-

where D::p"yng+p'(n+y) 0;. 0 

Call the direct demand function: 

Q = Q (p) 

and define its elasticity to be 

Hence 

£ = _ ~ E 
\Ap Q 

dQ 
Tp = 

_ cQ 
p 

Since we assumed the demand function to be invertible 

I = ~ = _ p 
P - dQ ':-Q 

Hence 

Replace these expressions for ~ and ~/p in E's 
aQ Q2 

definition 

- [d 2 I d ] E=-Q ~ ro 

A7 

(AIO ) 

(All) 



a 

AI ' 

to obtain 

E=l+l+Q 
dl 
dQ (Al2) 

E L-

Use (All) in (AlC) 

__ CqT ~cpcn _ Cpn _ p2gEn + n 2
0n [: J~ - - ~ - pq2.y "_"f)' + qp"n 

C 2 D en cn en En r-

Using equation (A6) and (All): 

2p' + qp fI n = p' (2 - E) 

=_E(2-E) 
eng 

dr 
dT 

= 
CgT 

C2DE:n 

dr CqT r: ~ CIT = C 2 D ( n ~n (C - pq) (t. - I) + p 2 P Y (2 - E >J 

Since we only consider isoelastic demand curves 

E = 1 +.! 
c 

and 1 2-E=- (e-1) 
L 

(E - 1) [n (C - pq) + P;Y ] 



• 

• 

Since :. = pq - C 

Co 7'P dr 
dT = --"-C::ucn 

At 

(:.-l)(~ 
L 

(A13 ) 

and hence the behavior of profit rates depends on the sign of 

£ - 1 and E9I. _ nn which are a function of £. 
£ 

and 

Since: 

li~ 
£: -+ 0 

~ - nn > 0 
£ 

nay 
1 irn L..:iL!.. - n n < 0 

£ 

pqy -- n,' = 0 -* t 

when 

the rate of profit will rise only when 

1>(>£* 

or £: * > £ > 1 

depending on the value of [* - 1 as can be seen from Table I 
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Table 1 
• 

1"--

(D . + (Xl . 
(. < 1 > 1 

(: - 1 < 0 j~ > 0 

E > 2 :~ < 2 

9Er. > pq)' < pqy .. 
(: 

c* 
E9.l - n7i 0 

1 
< 0 ! < 0 If (: * < 1 (: 

dr < 0 > 0 < 0 TT 

(:* 

E9..r. - nT 

1-
> 0 ! > 0 I < 0 If £* > 1 ( 

dr I < 0 > 0 < 0 aT I 

.. 



. 
i 

• 

All 

Finally it is easy to check that the "usual" results 

obtain for the cases of perfect competition and monopoly, by 

replacing some of the parameters by their approplate values: 

Perfect 
Competition 

y=O, p' =0 , n= 00 

Proposition 1 becomes ~= 00 

Proposition 2 becomes ~ < o = CqT 

Proposition 3 becomes D=O 

Proposition 4 becomes d-;-; 0 dPrn 
(ff> , CIT > 0 

Proposition 5 becomes dr > 0 
CIT 

Monopoly 

y = 1, n = 1 

~ > 0 

dq 
< 0 CIT 

same as oligopoly 

dT. >0 dPm 
CIT ' CIT > 0 

dr > 0 
CIT 

if C = 0 qq 
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Appendix II 

The Non S;rmmetrical Case 

Proof of Proposition 6 (P6): "Tolal output will incre~se" . 

• 
To calculate the impact of technological irlnovation on 

output, differentiate eguations (7) rewritten as: 

,( 
p' ( t q. »)'.q . + p ( ~ q .) - C

q 
( q , T ) = o· for all ..i' s to 

] J .{...{, ] J 

obtain 

p'y. ~q.i + y .q .p" L ~ + p' L ~qj - C..(. ~q.i - C.i = 0 for 
.{. T .(.{. j d'f- j T qq T qT 

all ,('s . 

. 
l 

Define ~gi = X . , and assume that the production functions exhibit 
T {. 

Constant Return to Scale as before (C,( = 0, H .). We then have qq ': .( 

(p'+v.q.p") L'\ ,+p·'y.,.-t"=O for all ,('s 
I.{..( j ,'\.{ .{. x.{ ~ (Al-t) 

Define: 

a . = pi + Y .0 .p" 
.{. .{ . .{. (A15) 

a 1 • • • • • • • 

A -

an an an+p'yn 
L 



r

- I 

Xli 

! (, t' I 
! • 
I • I 

I • I 
)\ 1; ; 

~-

c I~l 
I • I , . , 

I (~ I 
L _J 

r::quation (P.l·t) can be wri tten as: 

A X = C 

and, since it is easy to show that A is non-singular 

-1 

X = A C 

To find ±he inverse of A, define the following diagonal 

matrix: 

r Y 1 

0 
r :: p' I 

1 

. 
I . 
I 
I (J I 

I 
L 

and the two vectors: 

I' - (1 1. 

Rewrite A as: 

o . 
y 2 • • 

o . . 

an ) 

1 ) 

ol 
o I 

. I 

. I 
"( ri I 

-1 

All 

(A16) 

(Al7) 

As Maddala (1977, p.446) has shown, the inverse of A can be written 

as: 
-1 -1 

-1 r a 11 r 
r - --- -1 

1 + :;..' r a 



In this 

., 

• 

and 

Define: 

case, 

T"'l 
J 

r 
I 1 0 . 
I 

; 
v ' , . 

i () 1 -) I . 
r 1 I 

i ) pI 

l~ 0 . . . 

-1 

1 + I' r a = 1 + 1 L aj 
P' j y j 

-1 

( . 
.{ 

r ~ 
I ) 1 

I 
a~, 

r 2{ 1 

I 
I 

I arl 
I 'y Ie \ , 

! 
L-

a. 
-<. 

~ 
YIY::-

a L 
\' ~> 

I 2 

a ~. 

-1 
Y . (p I + La. .~.~ 

.{ j J j 

. . 0 l 
0 

. . 1 
yn 

Y1Y n 

a ~' 

~:' ., 'Y 
• r; 

all 

We can now rewrite the inverse of A as: 

A14 

(A18) 



• 

• 

A1S 

r ~~.l -£.1. · · · · · -~ l 
"\'J " 

\n I 
I 

I - f -, 1-(, r I · · · · · -\ 
I -". --....£. ! -1 '! v • 

) n I 1 

I l .. = 1 I (A19) ! 
1)' i 

l-~ -tSTJ · · · · · 1-on 
'Y 1 Y'J Yn 

Hence, given equation (A17) 

dq . ~ (1 6 . L -1) for all i' s 
dT~' = p' y:- - ~ j Y j 

~ 

(A20) 

The effect of the new tech~ology on total output produced and 

sold in the market as a whole is: 

From (AlB) 

1-LO.=1-
j ] 

= 

(l-Lo. 

L a. ),.-1 
j J J 

J-...J 

-1 
p' + I: a . y. 

j J J 

p' 

P ' + ~ a -1 i,., • 'Y • 
j J ] 

Furthermore using a.'s definition in equation (A15) 
] 

(1\.21 ) 

(A22) 



.. .. 

.. 

p' + 4 a . y-~ 
J J J 

1 = p'(l+l p-' La.),:) 
j J J 

= p' (1 + : )' -1 -+ t:;. L q . ) 
~ ~ p j J 

Using equation (9): 

p" y . nq . + p' n + p'),. < 0 
.t .t .{ 

and dividing throughout by 

we obtain 

1 
ny.pl 

.t 

< 0 

n" 1 1 
L.-q+ + >0 pi ,{. y-: n 

-<-

The sum of equations (A25) across all firms implieb tLbt 

1 + I y:1 + E.:. L q. > 0 
j ] pi j ] 

Using (A22) and (A23) rewrite (A21) as: 

~;; 
-l 

L dqj y. 
] ] > 0 j dT = p'+~a.)~~ 
J J J 

A16 

(A23) 

(A24 ) 

(A25) 

(A26) 



6· 

But since p' < 0, ~ < 0 and using (A24) oL~ ( I') t. , 
...... .J , 

1; 
dq_: 

0 -crT ;-. 

J 

Proof of Proposition 7 (P7): "Market pri£~~ \';11 J f d 1 ] II • 

Since 

p=p( I: q.) 
j ] 

and, using equation (A26) 

dp 
CIT 

< 0 

Proof of Proposition 8 (P8): "Industry wj;~ 

wi 11 fall J' -

Calculate, as before: 

Al? 

q.e.d. 

(A27 ) 

q.e.d. 



• 

.. . 

AlB 

Using equation (A23), (A24) and the defini tions of 

E and Q 

Hence, 

E - E.:2 
pi 

1 +.! La. y :1 = 1 + L Y -:1 - E 
pi j J ] j J 

- f;, 
D = ------,,--

1 + 1 L. a . y -:1 pI j J J 

( E - 1 ) 

(A28 ) 

(A29) 

q.e.d. 

Proof of Proposition 9 (P9): "The smaller and/or less dominant 

firms will produce IE:::sS output". 

From equations (A20) and (Al8) we obtain: 

dq,i 
= CIT [ 

a-i ~ y;1 l 
l_-...J..J-~-~ 

pi + 4 a. y.-1 

] J ] ~ 

for all -i's 

= 
r- (p I + L (a. - a .) y:-1 
~ j J .(. J 
ply . (0 I + ~ a. y :1 ) 

.(.- J J J 
for all its (A30) 



• 

where a· ::: p' + p" 'Y . q . 
.{ .( -l 

Hence, firm -l will produce less output iff: 

p' + L (a. - a . ) y -:1 > 0 
j J .( J 

Since, 

a. -a.=p"(y.q. -y.q.) 
J.(. J ] .(..(. 

~'s outpu~ will decrease iff 

or 

p' + p" Q - pity .q. ry -:1 > 0 
.(. .(. j ] 

A19' .~ 

Indeed, for any value of E, it is more likEl; that 

condition (A31) will hold, the smaller a firm's share of the 

market (1f) and the less "dominant" it is relative tc ~:.;<.] others 

(y. «y., V . say). In the case of a small firm that b:::_~· li-ttle 
-<. ] J 

impact on its competitors the latter will chew its mark~t share 

up, bringing a fall in its production level. Conversely, big 

1 and/or dominator firms (.6. > -1--) will produce more . .( + e 

q. e. d. 
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Froof of Propos it ion 10 ( P 1 0): ·'The prof its o~ __ t hc:_tj g~E ... ~~.~_/or 

more d om i nan t f i rIL~' .\.; L~J_" .. i 1.:'£E_~~.~~ 
eve n i fin d u s t r \' \0: i C I': t; l<~ fit s 

- '" -..:.--~---,- . __ .-
decrease (E " 2) t1. ------------_._-

From equation (6) 

and hence 

TT • == q . p (L q .) - Ci.· (q., T) 
-<. ..(. j ] ..( 

dn . 
-<. 

dT = t) C i C-t P )..+p q· .... X·- X·- T 
..t ..{j'J q.(. (A32 ) 

As before, technological change has two impacts on profits. The 

first one works through the change in output produced a~d h~s 

the three components previously mentioned. The dif fCrLfl(' n-.:.)w 

is that, since production may fan, the behavior of !j:!"l..;.l:s 1:::, 

also contingent on a firm's market position. As before; 1, .)\-,CV(;l 

the second impact directly raises profits. 

Rewrite (A32) as 

(p - Co{) X' + pi q . LX. - co{ 
q.{ 0{ jJ T 

Use equations (7), (A7) and (11) to obtain 

q . (p' LX. - p' y . X . - [). 
-t j ] 0{ '.{ -



• 

• 

I 

• 

; .,:~: . "; 

A21 

and (A30) and (A26) to find 

d' . 
, ~. ' -" -) , r .. r -1 ( 1 P .• i: - p, - .:~ . a .'y. - r (p' + ~ a -; - a . ) y -:- ) 

! .1 ; J J 1 J ,~ J .{ 

dT = a. --.-------,--------.----------.-;.------~-.. { p' + La. y ~l 
~ J J 

We get the value of L et:y-:l from (A28) and hence 
j J ] 

t;, p' (L - 2) - f., L (a. - a .. ) y :-1 
j J -<- J 

p' + La. y-:l 
j ] J 

For ~'s output to incr8as~: 

L (a. - a i... ) 'j ~J - p' 
j J J 

--I 

I f we replace L: (a . - a ):; Ly - pi (1 - k .) , k. '" 0 , 
-j 1 < .{ .{. 

(A33) becomes 

[p I (E - 1 •. k . ) - .{ 

--p;+--f'-a.: )~-l 
J .J ; 

(A33) 

(A34) 

We can obtain a similar expression if i...'s output decreases. In 

general we will write: 

qi t;, p' (E - 1 - k{) 

P f + r a . \~l 
j J J 

(A35) 



1It 

f· 

where k . 
.{ 

is negative jf ~'s output decreases 

is positive if ~·s output increases 

and is 1 if all firm are identical 

A22 

Profits of firm i* could very well rise even if total 

industry profits fall (E > 2 as shown in P13) as long as its 
~ 

.1 

outttt increases enough (k~~' E - 1) . 
.{ 

q.e.d. 

Proof of Proposition 11 (Pll): "The profit margins of the bigger 

and/or more dominant firms will 

decrease if E .> 1". 

Hence 

dp'-< m 
CIT = 

Using equations (A30) and (A33) 

[ 

=rq , p'), . (p', +I ex .") :.11 
.{. .{. j J J 

- {p t + I (a. - a . ) )' -:-1 ) 
l J .( ] 

(A36) 



• 

.. 

From equation (7) we obtain 

== C
A 

q PI'""! 
{

" - \..: / 
(~ ... 

Since marginal cost is bigger or equal to average cost 

and 

c-<' q. ~ 
q .( 

c . 
..( 

n . + p' y .q 2, > 0 
-<. .{. .{. 

• 

As shown in equation (A31) a firm will produce more output iff 

Hence 

'T- { 

al-'m 
. 0 

if E > 1 even though we are considering a firm that produces 

more output . 

• 



• 

• 

Proof of Propos i t ion _"!.~.J..!?,!~.l.: II Industry wide profi ts wi 11 

decrease if E > 2" • 

Fron: equation (6) we calculate industry-wide !-,rCJflt~: 

Hence, 

L: iT • = Q
p 

( Q ) - l, c j (q. , T ) 
j J j ] 

dT 1f • 
-; J 
J 
d 

dQ dQ . dqj -i = Qp' -:r;;;- -+ p ~ - L C J -:r.:;:;-T - '\ C J 
a 'I' aT j qaT j 'I' 

From equation (7) we obtain 

and henc~ 

l 
P -C-=-P'\.q 

g ~ J ~ 

d:::'Ti 
j j -

-(Ff' Q ,dQ _ p' 
PdT 

dq-: . 
\' . I,..· C J 
!..: I ;(1: aT -. ~ T 
J J J . J 

Now use equations (11), (A7) and (A26) to get 

Using equation (A28) 

d L TI . 
. 1 

-1_- =- £Qp' (E - 1) 

dT T)' + '\ a _,-1 
L- ~; Y j 

J -

dq. 
-p'Ll' q -] . .; i dT J .J -

_ pt 
TO 

1 
~ 

~. ,J 



• 

.1 

A26· 

Hence 

d '[ -;-: ..; 
..; ) [Cp' (E - 2) = __ -_ .. t:-_. ____ _ 

dT P I + ~ a. -1 

q.e.d. 

Proof of Proposition 13 (P1): "The indust.l~ "~~_.!~~:_rote of profit 

may very we 11._."L~L~ II • 

Define the industry-wide rate of pl\;1 it to bt.:: 

)' 11 • 

N R 
.... '..{ 

1 - rc = -rc 
..{. ,{ 

and ¥ - ZC . 

dR 
dT 

..{ 

D - (p' + L: a . ") ~1) < 0 
J J 

Use equations (7) (11) (A7) (A26) (A27) and ~!.'j(J) to obtain 

dR 
CIT 

pQ 2 ~ ( p' of 1. 
] --------

D 

pQ £, ~ (p + p' y . q .) (p I + 1: (a. - a . ) -y :-1 ) 
..{. ..{. ..{. j ] ..{. ] 

p·y.D 
.{. 

-1 . --, 
;; ) I 

. J I 

_J 



• 

, 

Now use equation (A28) 

dR 
CIT 

(p + p')' .0 ,) (p' + p" n - p" y .q . L )'-:1) l 
Q .{"'.{ "'- .(.(-i J 

- Bl L .J 

p'i. "y. 
~ -

because 

(a . - a .) y ~J ::: p" q . _ P""'( i.. q i.. 
] ..t J J .', _j 

.J 

Hence 

• n' 

P 2 Q ' p "~ nIl p? Q 2 P " ~ 
+ ----"--pI ....,... pi 

p P I Q L' _ n D " Q 3 + pO" Q I 'Y' ,a 2, L, ') ~ I ,I 
~ ... ~ ..( -.{ " . 

.{ j'! I 

But 

::: 0 by equation 

Hence 

1\27 

(A38 ) 



But since p'Q=- E c 

~= CK:n [~.!j-' (Kp(L - 1) - p'Q(l - 1» - p'Q(E - 2) j 

= - Ei;'n [pjl (E - l)TI + pQ (E - 2) ] 

because Ii = pQ - K 

If we stick to isoelastic demand curves 

dR 
= TT 
~ (£: - 1) (PQ - ii 2: .y -1 ) 
cK~D E· 'j 

] 

a result very similar to the one in equation (A13). The 

interpretation will be the same but we now have: 

A28 

q. e. d. 

Proof of Proposition 14 (P14): "The firm's rate of profit need 

not change as the industr:y' s" . 

Define its profit rate to be 



.. 

• 

A29 

Hence 

Use equations (7) (A30) and (A33) to obtain 

d to· . 1 tC ' q . ~ (p' (E - 2) - I; (a . - a .) y -:1 
) ~ Ti • (F 'y . q . + p) (p I + r (a . - a . ) y -1 

~~T = - ..t.( J J ..t...1. _.{. .{...t ; 1 ..( i 
dT C2 . 

.{. D . p'Y.D 
..t 

Since 

TT.i ~ q . p'y . (p' + ~ a . y:1 ) ] 
.(.{. J ] ] 

p'y. D 
..t 

whe re D == p' + La. y-:1 
j ] J 

- p'q.y.TI.L:(a.-a.)y:-l- PP'Ti-PTi;~ (a.-a')~l~l 
.{..{.{.j J .{ J "- "-J J .{ J 

- p' q . Y .11 • La. y:1 ] 
.(.(.(j ] ] 

(D' + L (a. - a .) y -:1)( p 'q . y . (C . + IT .) + pr. .) 
- j ] .{. J' .{...t.{..{. .{. 

L (a . - a .) y :-1 
j J .{. J 

== _ p' E + PQ' E y.q. r y:1 
.{. .{.. J 

] 



• 

and -) ) r a.Y. =p'(ty:'-
J J 'J j J 

o'E 
(p' -P'E+~)l Q .( 

(E - 1) - p' 2 q . Y . T 
~ .{ . .{ 

= 2 t;, l2PIZQ.y.(C.+1T.)(E-l C.Oply. ..{..(..( ~ 
.{ .( 

( 
p' Qiy.{l 

- plq.y. ry. ,Q .{ .( j ) 

Since 

P I =_.-e.. 
EQ 

isoelastic case 

- ~p 
- £Qy .C 2.D 

.(. .(. 

C. +71. == 
.(. .(. 

;.).(C.+T:.) +p. 
-.{.( .( .{ 

,2 J -P g.y.n. 
.( .( ..(. 

- 1) 

pn 'E J .~++pl7T,( 

1 
E - 1 = - in the 

£. 

_~2 v E 
i{' .{ 

Q 
+ En .E - n .) 

.(. -t 



Using equation (A31) we obtain 

dtr. . 
.{. 

aT = ~p 
C :? (I ~ -1 ) £. Qy. . p + t.. a . y . 

.{. .{. j J J 
rpq2. 'Y. (~ . (1 + .!.l-~ l - ~ .Q (~ .£ - 1lJ ~.{.{.{ C E .{ .{ 

dtr..( 
Hence the sign of ~ is the sign of 

All 

The sign of (A40) depends on the value of ~ . as cau 
.{ 

be seen in the following table~ 



A32 

, 
Table II 

Suppose t > 1 

1 2 
.6- - 1+[ 0 (. o. .{ 

hi. (1+£)-2 2 -- < 0 < 0 U > 0 
£ L 

h .£ •. 1 
,(. - 1 < o I~ > 0 > 0 

dlt,£ 
? < 0 ? CIT 

and if £ < 1 

2 1 
-6,( 

1
0 1+( £: 00 

I~,( (1;() -2 !-~ ~- 0 t > 0 

I 

> 0 
I 

I I I -6~E-l 1- 1 < 0 < 0 I > 0 

I n I da1 I 0 I ? ? > I 
-.-l 

.. 



Notice that even though 

q.< 
Q ..: 1 

since 

n 
L -y .. 

j=l ] 

\01 • 
\ .{ 

can be > 1 

Al3 

4~ can be bigger than 1. Actually, if qi and y~ are positively 

correlated, (the "rest of the market reacts more" when a big 

firm moves than when a small one does) there will always exist 

and ~k > 1 because in that case: 

qk > Q q -n 

n Yk 
and L - > n 

j=l y. 
] 

Let us consider the following two cases: 

a) £. < £* < 1 

b) 1 < L r' L* 

From tables I and II we can see that in case a) the profit rate 

of all firms such that 

2 
1+£ < .6

h 
<. 

1 -
£. 
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