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Editorial Remark

The following paper has been written in the fall of 1962,
while I stayed at MIT with a fellowship of the "Deutsche
Forschungégemeinschaft." At that time I had produced only
a dozen copies. After the paper was finished Christopher
Bliss, Edmund Phelps, Robert Solow and Paul Samuelson
discussed it with me. Their comments would have been
taken into account in a revision of the paper. But some
of the criticisms, in particular of Paul Samuelson, were
so much to the point that I decided not to pursue the
basic idea of the paper. Later on Kennedy [1 ] published a
paper containing the same basic idea, whereupon a sub-
stantial number of papers were written on the same topic.

In the meantime, all copies of my paper seemed to have
got lost. I am indebted to Richard Eckaus that he had

kept a copy of the paper in his files. Since the main
point of the paper has been discussed by others I do not
think that the paper should take away scarce publication
space in a professional journal. It is reproduced here to
enable those to read it who are interested in the "Dogmen-
geschichte" of the theory of induced technical progress.

[1] Charles Kennedy: Induced Bias in Innovation and the

Theory of Distribution, The Economic
Journal, Volume LXXIV, 1964.




In this paper I am interested in the quality or "structure"
of technical progress rather than its quantity, making this
distinction although I know that it is impossible to separate
totally these two different aspects of technological change.
For making calculations easy I shall neglect most of the
recent achievements of the new frontiers of growth economics
as for instance embodied technical progress, the division of
the economy into at least two sectors,etc. Since Samuelson
has shown that it is at least sometimes possible to simulate
a mofe complicated model by a simple "Surrogate Production
Function” with "Labor" and "Capital" as arguments, I shall
use this well known and convenient "surrogate" tool for the
derivation of my propositions. Perhaps it is possible to
carry over some of the results to models which are well
equipped with the heavy artillery of many sectors, physical
life-time constraints for all and fixed labour input coeffi-
cients for already existing capital goods and other useful
complications,

Surmary of Results

I want to show what the effects of a "technical progress
function" are, which represents the possibility of sub-
stituting labour saving by capital saving technical progress
Oor vice versa. One can summarise the results of the model

as follos:

1) Under the assumption that entrepreneurs try to choose
the optimum composition of labour saving and capital saving
technical progress, under the further aséumption of a pro-
duction function with an elasticity of substitution less
than one, I can show that the ecconomy approaches an equili-
brium path of growth, which is characterized by Harrod
neutral technical progress (which is not very exciting) and
- a distribution of income, which is only determined by the
technical progress function and is influenced neither by the



production function nor by the savings ratio of the economy.
Although this result seems to be new it also seems to be
quite plausible: if there exists a possibility of choosing
different kinds of technical progress, which is in fact

the possibility of choosing different kinds of production
functions, we should not expect that a special production
can have the same importance as in the case where the

whole system relies definitely on its properties. If a spe-
cial production function is inconvenient it will be trans-
ferred over time into a more convenient one. The possi-
bilities of transformation are now the last fixed para-
meters, which determine the system, ﬁot the results of

this transformation process.

2) It can also be shown that there is a discrepancy
between the private optimal composgition of technical pro-
gress and the social optimal composition. In the case
of the optimum of the firm there exists a cycle such that
capital saving and labour saving technical progress (in
the sense of Harrod) alternate over time. But the ampli-
tudes of the cvcle become smaller and smaller until the
economy reaches the equilibrium state, in which technical
progress is (Harrod-) neutral. In the case of the social
optimum, technical progress is always almost Harrod neutral,
having only a very small, constant capital saving bias, if
the initial distribution of income was more in favour of
profits than on the equilibrium path and a small labour
saving bias, if in the beginning the profit share was
smaller than in equilibrium. The discrepancy between the
optimum behaviour of the firm and the social optimum
coincides with the discrepancy of maximizing the rate
of growth of output in a relatively short period (private
optimum) and the rate of growth of output in a considerably
longer period (social optimum) under the assumption of a
given savings ratio.

3) The independence of the equilibrium irncome distri-
bution of the savings ratio reminds one of the unity elasti-

city of substitution case, i.e. the Cobb-Douglas~Function.
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It turns out to be possible to simulate by a Cobb—Douglés~
Function the different social optimum equilibrium paths,
which correspond to different savings ratios. The expo-
nents of this "Surrogate - Surrogate - Function" are

equal to the share of profits respectively to the share

of wages in the equilibrium path.

4) I do not pretend to explain by this model the long-
run stability or income distribution which is sometimes
claimed to be evident out of the existing statistical
data. Since the income distribution in this model is
a function of the special shape of the technical progress
function, this would be possible only if the technical
progress function is constant in time. But why should
it be constant? Nobody can stop the relevant parameters
to change over time. The technical progress function does

not represent natural or anthropological constants.

The Model
Assume an economy with a macroeconomic production function
_ _ X
Y = f(Xl, Xz) = X2 ¢%§l) : 7 (1)
2

which is homogenecus of degree one, where

X1 = AKX : X2 = BL (2)

K representing capital and L labour, A and B are parameters,
whick we shall use for the introduction of technological
progress. We define

X = }l/X2 and p(X) = —— .

- =0 (X) =y

| 4 o (X) (3)

Further let us assume (this is an assumption on f)

0Lp(X)<1 ;i p (X)40 {

for X >0 (4)
lim p(X) =1; 1lim p(X) = O
X0 X 00

(4) implies that the elasticity of substitution is smaller

than one (in absolute value).



One example for a production function, which obeys con-
ditions (4) is the Arrow-Solow constant elastlcity of sub-

stitution function

. : 4 :
_ =8 oy "B 21 0y« 1
Y = [I Xl + (1 1)}';2 J B
in the case that B is positive.

The next thing I want to introduce is a "technical progress
function", which in this model is simply a relationship
between capital augmenting (A increasing) and labour augmen—
ting (B increasing) technical progress.

Assume that | |

g b
wWitds

= ¢(z2) (5)

holds, where ¢ is characterized by

9 (0) > O; w(-;(O and ¢" (2 5 <0 ' (5a)
Since ¢ is a monotonously decreasing function of B, we

also can write % as a function of A/A

2)
A (6)
where

-] o TR 1", .

o - (0)>0; (¢ ) L0 and (¢ ) £O (7)
In the following I shall use the symbols a and b defined
by

Since the elasticity of substitution is less than one
the total effect of technological progress is labour
saving in the sense of Hicks, if b>a, and capital
saving, if b <a.

The first question which I would like to ask and to answer
is: how to achieve a maximum current rate of growth of out-
put for given rates of growth of capital and labour?



Differentiating Y with respect to time

° of 2 &£ 3
Y = == X. + = X
6‘1 1 6 2 2
vields ‘
Y 6F Xl 1 6f X2 :
L] e ] + e " o ot
Y GXlY Xl 6X2 Y X2

12

=p(X)[a+%J +[1-p 0] [b+

st g

J

L] ®
Since K/K,L/L and X are given, we have to maximize the
expression '

~

z = p(X)a + [1 - p(x)] b=p(X o) +[1-pX]Db

. 1
I differentiate with respect to b and put 2 (b) to zero

Z (b) = p(X) o'(b) + 1 - p(X) = O

or
0" (b) = - 1 - pX)
p(X) (8)
Since Z"(b) = p(X)9o"(b) is negative we know that (8) repre-

sents the valuec of b which leads to a maximum rate of growth
of output in the current period. The "marginal rate of sub-
stitution" between a and b has to be equal to the ratio bet-

ween wages income and profits income.

Behaviour of Entrepreneurs

One reasonable assumption about the behaviour of entre-
preneurs in this economy is that they believe the pre-
vailing relative shares of profits and wages to remain
constant in the future. If they want to minimize costs under
this assumption they will choose that kind of technical pfo-
gress which maximizes the absolute value of the (negative)
rate of change of costs per unit of output at existing
factor prices. This is because they assume that factor
prices will change inversely to the factor inputs, which




is another way of saying that they assume that the relative
weights of labour and capital costs remain unchanged over
time. If entrepreneurs behave in this way, they will choose
precisely that technical progress structure, which maximizes
the current rate of growth of output.

The result of this behaviour of the firms would be that
the economy tends towards an equilibrium path of growth
which is characterized by a constant distribution of in-
come and by a constant capital output ratio. This is at
least true if the investment ratio of the economy is con-
stant. I shall try to characterize this equilibrium path. .
The constancy of the distribution of income requires a
and X..

1 2
This leads to a rate of growth of output, which has also

constant X and hence an equal rate of growth for X

the same value. If the capital output ratio is constant,
the stock of capital grows with the same rate as ocutput
does. But the growth rate of Xl is equal to the sum of
the growth rate of capital and the growth rate of A, which
is a. This implies that a has to be zero in the equilibrium
path. But a is zero only if the distribution of income is such
that the entrepreneurs decide to make a equal to zero. This
they will do only at one special ratio between wages income
and profits income, which we can characterize by the equa-
tion
o' (g) = - L=R(X)

P (X) (9)

where g8 is defined by

9p(B) = O (9a)

lience the stable income distribution is determined only by

the function ¢ and it is independent of the shape of the pro-
duction function and of the savings ratio. There remains of
course the question whether the ecohomy approaches this equi-
librium path or not. The equilibrium can be proved to be .
stable if the share of profits is a decreasing function of X,
i.e. if (4) holds. Verbally the mechanism, which leads the
economy to the equilibrium path, can be described as follows.




If X is smaller than its equilibrium value X, profits are
higher than in the equilibrium. Therefore a is positive.
Since in the long run capital and output are growing at
almost the same rate, Xl is growing faster than Y. This
implies that £, 1s growing not as fast as Y or even Xy
Therefore X must grow until it reaches its equilibrium
value. Now it might be possible that X grows still when

X is reached. This will happen if A is relatively high

in the moment when X is equal to X and therefore the capi—
tal output ratio is low compared with the given savings
ratio. If a becomes higher than i, profits become smaller
than in equilibrium and therefore a will be negative.

This lowefs A and hence in the long run also X, until it
reaches again its equilibrium
value X. Now presumably A will fq
be too low, i.e. the capital
output ratio will be too high

for the equilibrium conditions
and X will again fall below

its equilibrium value. It can

be shown mathematically that

A and X approach eventually their

equilibrium values in a way si-

milar to Fig. 1. The convergence

can be made plausible by the

following arguments: sometimes

A as well as ¥ tend towards their

stable values, but if one of
them withdraws from its equili-

brium value, the other approaches it or is at least constant.

Of course the assumption (8) is not crucial for our result.
Entrepreneurs might foresee changes in the relative weight
of capital and labour costs and might therefore behave some-
what different. If they decide to install machines with an
expected economic life timé of v years, they are interested

to minimize costs over this whole period. They may éxPect for




instance that the rate of change of income distribution
remains the same in the future as 1t is now. Then we would
get the following formulas. Let us define

_ 1 - p(x)

A (X)...,--—......ng..._..

b (X)

Entrepreneurs will equalize the marginal rate of substi-
tution of a and b and a kind of expected weighted average
of the income distribution index A(X)over the next 7 vears,
that is

o' (b) = -A(X,7) = -A(X)exp BZ&(X)/A(X).)A}’T) (10)

where D{@%ﬁl. The value ofﬁ% is determined by several econo-
mic factors, one of +hem being the relative importance of the
carlier in comparison to the later vears of life of the ca-
pital goods. Since the nearer future is much more important
than the more remote years are (because of psychological rea-
sons, because of problems of the risk calculations, because
of the higher gross rents, which can be earned out of new
machines compared with old machines, etc.) a realistic value

ofﬁawould probably lie between .15 and .35.

Perhaps entrepreneurs are even more sophisticated and take

also into account the rate of change of the rate of change

of the distribution of income. All these behaviour patterns
would in general have stabilizing effects on the movements

of X and A. This can be made plausible for formula (10).

It is easy to see that X and therefore A(X) would move in

the same direction as they would according to (8). But the
mbvement would be damped: if e.g. A(X) is positive, the ab-
solute value of ¢'(b) would be greater than in the case of (8).
But a high absolﬁte value of ¢'(b) is equivalent to a small
(perhaps even negative) value of ¢(b) = a. This means that the
rate of growth of X and A(X) would become smaller. Thus we

see that a behaviour of entrepreneurs, which takes into account
the changes in the near future, would have a stabilizing effect
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on the economy. The equilibrium path itself will be characterized
by the same properties as in the case of (8).

The Social Optimum Technical Progress

I turn now to the question, whether there is a difference bet~-
ween the social optimum composition of technological progress
and the so far investigated kind of technical progress, which
we may call the private optimum composition. The first problem
- 1s to find the maximum growth rate of output, which can last

forever.

It is easy to verify that g + Y is a sustainable rate of

growth of output, where g is the value of b for which a becomes
zero, and y is the rate of growth of the labour force. Because,
if a is zero, technical progress is Harrod neutral and one
knows that in that case the "natural" rate of growth of the
system is equal to 8 + y . Is it possible to maintain a higher
rate than g +y ?

First we see that Y cannot grow faster in the long run than

the slower growing of its two arguments X1 and X2.,If e.g. X

is always growing faster than X2, X will become larger and

1

larger and therefore p(X) will approach zero. This has the
consequence, as we can infer from

&

g = PR+ [1-p)”
1 ! ’

S

that output will grow only so fast as XZ' If we call the long-

run rate of growth of a magnitude Z, R(Z), i.e.

1 7 (£)
R(2) =/ lim £ log (55y

we can write
R(Y) = Min fR(Xl), R(X,)]

S0 we have to maximize Min fR(Xl), R(XZU' R(X,) is only greater
than 8 + vy, if R(B) » g, which is equivalent to R(A) £ O.
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The consequence of this policy becomes clear after we have
calculated R(K) for poisitive R(Y).

ot

Tt t K(0) t30e t L K(o)
i / \'.'.t gt It . t
= J;.m 1095”1%"((5)} Lot & &S(‘?-)—) = log lim f; Ydu
e \ / t=>00
t \
= log lim B R(Y)u N(u)dé}' where N(t) is a
t> c

function of t with R(N) = O. Since

SRt _

t RY)u
= R(Y)

Jo

N(u) du = M(t)

, Where

Min = N(u) £M(t) £ Max  N(u)
0O =u<t ofu<t

we know also that R(M) = 0. Hence

R(K) = log 1lim Z~-~;
t-> OO

i

log lim [e RIWIt]E o log e RY) _ gy
£ oo

Therefore
R(K) = R(Y) £ R(X) = R(K) + R(A) for R(Y) >O.

which proves that no long-run positive rate of growth of y is
compatible with R(A) £ 0. So we have shown that the maximum
sustainable rate of growth of Y ig equal to 8 + y and that
R(A) = O in the case where this maximum rate of growth is
achieved.

Starting from the valuation axiom that for a given savings

ratio it is always better to realize the maximum R(Y) = y+8
than not to do this, we come to our next question: which is
the optimal A(t)?

I have to define more precisely, what I mean by the optimal A(t).
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Certainly we can write output as a function of time in the
form

D(t)

It might be possible to find an upper limit of D(t); for y+8
1s the maximum sustainable growth rate of output. If such an
upper limit exists, it seems to be a reasonable long~run op-

timum policy to maximize lim D(t)L-B(O)L(O) o' (B) q(x)zn (12
Lin (%) |

where X is determined by the equation

9! (8) = --LB(X
p(X) (12a)
and A is defined by
3= (B+Y)X
9 (X) (12b)

I first prove the proposition in mathematical terms and then
interpret it economically.

Proof of (12): Consider first the behaviour of the capital stock,
if '

e‘(8+y)t

lim Y(t) =D

t—>wo

holds, where D is a positive number. We can write

v(e) = Mt gy
where
lim G(¢) = 0O

t 2 oo

Therefore the amount of capital, discounted by the rate B+y is

A
e  BME pihy = o BHE Loy, o —(B4)E s/(‘ {¢(8+Y)U(D+G<u)}du
: 0

Define H by

H=e BrV)tf | (gey)y

5 G(u)du
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hence £
B o= G(E) - (B+y) e“‘B+Y’t~§5 e B (uyqu = G(e) - (B4y)H(E)
This we can write

Stl= tlece) | =8 +v) Jul

and theraefore

lim é%%l + (B+y) |H| = 0O

t> Co
which is possible only if

lim H= 0

ta oo
Therefore
1im e—(8+y)tK(t) = lim e"(B’W)t égt e(B+Y)uDdu.== E%m D
t-> 0 t-» Co o i
Hence the capital coaffieclent in the 1limit equals Eé?“‘ If
A® = Jlim A
t—> 0
we have for the limit of X
A% S S— ¥
K¥ = lim X ;éi.@.._.__ =A% v CP(X"‘)
t—> €0 2 YR
S & S Y=
or X¢ A TTE ¢ (X*)= O
From this we get by the implicit function theorem
- g ' T .
_QS:’@_, _ Y+ B ¢ (X#) X&* /A% 1 X
BA% = A%
“nE S iy e oy 91 (X®) 1 - p(X#)
1-A%—Tz @ '(X*) 1 - X% X

Since ¢ (b) is a concave function of b and 8 is defined by ¢ (8)

= 0 we €an write
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a=9"(8) (b =g) = &(b)

where
6(b) »O for b # g

5(b) = O for b = B
From this we infer by integration

t
log X%BT =¢'(8) log 3%6)f®'(8)8 k *5; 6(b(u))du

or
B Bt A \w*(s)
B(0) &° A(O)/
Hence

Bt "a F%ET e tL(0) ¢ (x)
Y(t) = BLop (X) é__ e B{0O) (mj

Going to the limit for any A% = lim A
£t CO
] 7 . \\ 1 / |
- 9 i E
D= 1im e B)tyiy £5(0)L(0) < & )§ ' (8) <p<x='e(A='=))
£ OO \

holds. I call the right hand Q and maximize it with respect
to the only free variable A%,

_50 o 0 Crvnr X 1
°T AT T TR T ey ¢ ¢ s “TRE
This leads to
.
1 1 (X%*) 0

PART:

)t T T p(xF)
or

X% = i (see(12a) )

Since the second derivative at that point is negative, we know
that Q and therefore D are ncwhere greater than is indicated
by (12). Q.E.D.
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By a similar reasoning it is also easy to see that D(t) will
eventually not be higher than ﬁ, if D has no limit. Further
we know now that A must have a limit in order to get a limit
of D(t). The interesting question which rémains is: how to
achieve a D as close as possible to D ? In the special case,
where A(0) = ﬁ, the economy can reach D itself, for in that
case a can always be putyto zero with the effect that the term

~t

i 6 {b)du

40

is vanishing for any t. In general, the discrepancy between
D and D results from a positive

t
< 6 (b)du
Jo
or in a formula
e
-p 8l 5 e lima =i
D=¢e 0 £

The therorem of Taylor tells us that

2

(b=8)
' (8) (b - B) + 9" (8+ 1 b) ;o&agfl

and hence

a =

1im 2= 9'(8) (b -8) = 0

by B a

The percentage "loss of friction" by shifting A can be made
arbitrarily small if one moves A very cautiously. Thus every
value D<D can be achieved. Our mistake is therefore negligible,
if we assume that

- = o' (B)
Mas lim " (B+)ty 0y _ B(0O)L(0) [ A __ ?(X) 3

Alt) t R A4(0)

where X and A are defined in (12b).




The interesting although not too surprising result of the
analysis is that in the social optimum case the economy ap-
proaches the same equilibrium path as it does in the laissez
faire state of affairs,

The social optimum equilibrium income distribution is des-
cribed by (12a) and it is equal to the laissez faire equili-
brium income distribution. '
The discrepancy between the optimum of the firm and the
social optimum lies in their different manner to approach the
equilibrium path. The "friction losses" are higher in the
laissez faire economy, because A does not change slowly here
and it even oscillates aroﬁnd its long-run equilibrium value.

The consequence of these losses is that the economy eventually
lags some years behind the social optimum economy. The order

of magnitude of this lag depends mainly on two factors: it will
be the greater the larger the difference between A(0) and A is,
and it will be the smaller the better entrepreneurs anticipate
the future development of the income distribution. For a good
anticipation of the future reduces the absolute value of a

and dampen the amplitude of fluctuations of A, as we have seen
earlier.

But it should be underlined that the most important effect

on the lag is due to the initial condition A(0Q). Since it is
improbable that the technical progress function of an economy
changes very suddenly it is fair to assume A being relatively
close to its equilibrium value A after some decades of laissez
faire history. If the government of a developed capitalistic
country decides to take care of the structure of technologi~-
cal progress, it will find that A already moved in the past
very close to its optimum value. Thus an intervention, which
‘could have a substantial improving effect on productivity,
comes too late. This statement is not true, if s changes.

Although it is tempting to construct a bridge from bu51ness
cycle theory to the fluctuations of A and of the capital out—
put ratio in this model, I am rather sceptical about the di-
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rect applicability of my technical progress function to
problems of the real world. This is a too simple tool for
an isolated use in the attempt to explain anything in reality.

The Surrogate Surrogate Production Function

As mentioned before the equilibrium distribution of income is
not only independent of the special shape of the production
function but it also does not depend on the average rate

of savings. This can be verified from (12a), The result
brings us into the neighbourhood of the Cobb-Douglas Function,
where savings also do not have an influence on the income
distribution.

Consider the Cobb-Douglas Function

at m,

Yy =e K i Ocmel, a30

The equlibrium path is defined by the constancy of the capital
output ratio and of the interest rate.

I1f L is constant, we have and therefore

¥

RIR -
I
sl

e [
il

Q

<+
=
WER e
it

Q

<+
=
o o]
il
-
=

The value of the constant capital output ratio is given by

K_R_. 8 . n-m&" (14)
Y v o

where s is the savings ratio. Substituting the K of the pro-
duction function by the corresponding expression in (14) yields

2 s

Y = %Y (1-m) 3 My
i o
Y
and hence

. g - 5 C § m
l1-m at fl—m% m m 1-m til-m | l-m ——e
. ¢ Stk _ iy 1-
Y e | = f s or Y = e i 754 f < m
. L
1-m

Y is proportional to s
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Consider now (13) together with (12a) and (12b). Since X is

independent of s, we get A as a proportidnal of the inverse
of s

A=l LetnX
5 ¢ (X)
Therefore
1
e“(6+7)t§ = Maz Lif e°(8+Y)t Y=B (0) L (0) A(O)s_(X) o' (.) . o (X)
t5 00 (B+v)X
or abbreviated, respecting (12a)
.
_ _ _ — S— Igyp }* .
Bt L gH)s ¥ B Lgg T (15)

where X is independent of s.

The social optimum equilibrium value of output is the same
function of the savings ratio as the equilibrium value of
output is in the case of the Cobb-Douglas Function. The
exponent Egi) has the same meaning as in the Cobb-Douglas
1-p (X)
Function: it is the ratio between capital income and labour
income. Therefore I call (15) the Surrogate Surrogate Pro-
duction Function, referring to the fact that the production
function itself is a surrogate for more complicated pro-
ductivity relations. The surrogate of the production function
is no more a real production function, since it does not
tell us what happens at a given state of technical know-
ledge. But if technical knowledge can be influenced by the
society, this also does not seem to be the interesting question.
In this case it is more interesting to know what the output
would be under some resource restrictions and under the as-
sumption that the society influences technical knowledge in an
optimal way. The Surrogate Surrogate Function answers this last
question.It is in some sense the envelope of all production
functions (in the normal sense), which are available to the
society, as in some sense the normal macroeconomic production
function is the envelope of more special microeconomic pro-

i
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duction possibilities.

We might proceed in this game and try to look for a Surrogate
Surrogate Surrogate Function by making the assumption that my
technical progress function itself can be shifted by the so-
ciety. I shall hot do that in this paper.

A Pseudo Marxistic Conjecture

I am far away from being able to prove what I want to suggest
in this section. It is certainly a question of taste, whether
the reader will follow me in my conjectures. I want to com-~
bine the Golden Rule with certain aspects of Marxian econo-.
mics.

Assume for the simplicity of the argument that the labour
force is constant in our economy. It is easy to see that we
can apply the Golden Rule, using equation (15). vawe denote
by C the amount of consumption, which corresponds to ¥, we
get the equation

2

Yt G(1-5)s!7P (16)

C=ce

Maximization of C with respect to s leads to

t 1 -1 kl \j 1
Y P -P - ; “pP -
e G§”~p [} T:Ei S or s = p

L J

The second derivative is negative and therefore p(i) is the

i

)

l

O =

Cn
n

"optimal’ savings ratio.

Now split up the economy into several sectors with several
distinct commodities and assume that the system moves along
the Golden Rule path, where the interest rate is equal to

the rate of growth of output and therefore (labour force

and income distribution being constant) also equal to the
rate of growth of the real wage rate. My proposition is

that the prices of the different commodities are proportional
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to the total amount of labour used up to produce one unit
of them, the proportionality factor being equal to the
current wage rate.

This proposition can be made plausible in the following

way: the direct inputs for the production of a certain commo-
dity consist of labour and certain capital goods. Capital
goods themselves have been produced by labour and other ca-
pital good: in earlier periods. These former capital goods
consist of more remote inputs of labour and capital goods etc.
In this way it is possible to transform the necessary direct
inputs of capital goods and labour into mere labour inputs,
which are spread over time. The price of the commodity today
is equal to the sum of the "present" values of the different
labour inputs. Hence

o
g, V% =w§‘errai(t,r) W (=) dt

)
where Pi(t) represents the price of the i-th commodity, r the
interest rate, a; (t, 1) the amount of indirect labour inputs
t periods before t, which were specifically necessary to
produce one unit of the good i at period‘t, and W(t-t) the
wage rate 1 periods before t. If the rate of interest is
equal to the rate of growth of the labour force we can write

Wit-1) = e T w(t)

and therefore

P, (t) =,é e" T a, (t,1) W(t) e Flax = W(t[g a, (t,1)ar

which proves our statement that the commodity prices at
any moment of time are equal to the total amount of labour
used up per unit of product times the prevailing wage rate.

It would not be very interesting for the appraisal of
the Marxian labour theory of value, if there would exist
just one equilibrium path of growth with the correct labour-

value price system, as long as this path is not the optimal
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path. But (at least according to the theory of the Golden
Rule) this path coincides with the optimum. The meaning

of this coincidence cannot be that the mistakes of Marx

and the Marxists are no mistakes. Most of the better ar-
guments against the theory of labour value still hold. But,
on the other hand, modern growth economics shows that Marx
and others were right in treating labour and capital in an
asymmetric way, since the amount of capital is adjustable,
which is not true for the "natural" factor labour, If the
adjustment of  capital is optimal, the prices of the goods
represent the amount of the real scarce factor embodied in one
unit of them; as in the stationary Walrasian equilibrium
prices measure the costs in terms of the scarce factors of
economy . |

This kind of reasoning, which tries to defend the starting
point of the Marxian system, is of course not only pseudo
Marxistic but even anti-Marxistic in its consequence. A grow-
ing economy must have a positive rate of interest, if the
labour value theory makes any sense. In a growing system

the interest rate has a function as a guide in the allocation
of resources even if the optimum amount of capital is supplied.
Thus we find the labour theory of value compatible with and
even based on a theory of interest, which has nothing to do
with the Marxian theory of exploitation. This also should
lead to the conclusion that the old problems of interest
theory ought to be reinvestigated on the background of the
modern economics of growth.

This digression into more or less ideological parts of eco-
nomics was the preparation for the formulation of a con-
Jecture about the optimal price structure of an economy
,with a technical progress function of the type discussed

in this paper. Since the model of the previous sections

is essentially a one-sector model, I cannot prove propo-
sitions about price structures, which presuppose at least
two sectors, We are constrained to mere conjectures.
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I have pointed out that there exists a discrepancy between
the behaviour of the firms with respect to technical pro-
gress and the social optimum technical progress for any
given savings ratic s. Especially this would also be true,
if the economy implements the "optimum" savings ratio p(i),
which is a function of the technical progress function. The
discrepancy lies in the different way of approaching the
identical final equilibrium path. How to influence entrepre-
neurs to introduce technical progress in a socially more
efficient way? This is a question, which is too difficult
to be answered here. But I have one suggestion for a planned
socialist economy, which uses prices and a "shadow" rate of
interest for organizational purposes. Let me assume that the
factories are free to choose their production procesées in

a system of prices, which are prescribed by the government or
central planning commission. The task of the planning com-
mission is to decree an optimal set of prices.

If technical progress could not be influenced, the optimum
price structure uﬁdoubtedly would coincide with the perfect
competition price structure, regardless of the savings be-
haviour of the economy. This has been proved again and again.
But with our kind of a technical progress function the com-
petitive price structure is no more the optimum. For the
maximization of the very long-run consumption it would be
better, as I believe, to set up a price system, which corres-
ponds to the Golden Rule equilibrium path, even if this path
is not yet reached. This means, the planning commission
should introduce from the very beginning a correct labour
value theory price system with an interest rate equal to the
equilibrium rate of growth.

This would have the following effect: the single "firm" can-
not distinguish the economic situation from the situation

on the final Golden Rule path. It will behave as if this

path had been reached already. This would mean that it
introduces a Harrod neutral kind of technical progress; and
hence the economy is prevented from jumping around between
(Harrod)~labour saving and (Harrod)-capital saving technical
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progress and losing a lot of "technical progress energy."
The disadvantage of this labour value price system would be
that in the beginning there exists either a capital- or a
labour-shortage. Assume the more realistic case: that there
is too little real capital in the beginning. Since the firms
are using capital &as if the (more capital intensive) Golden
Rule path were reached, there will be a kind of structural
unemployment. Production today also would not be so high

as it would be in & competitive equilibrium. The rate of
interest is equal to the natural rate of growth and capital
intensity is growing at this same rate; thus unemployment
would last forever, if only profits would be reinvested as
it is the case on the Golden Rule path. A certain amount of
the wage bill has to be taxed away by the government for
investment purposes in order to achieve full employment and
to take full advantage of the production possibilities in that
country. If this is done, finally_the real Golden Rule path
will be reached.

Since normally the initial value A(0) is different from the
optimum value A, my statement has to be modified a bit.

The planning commission will try to induce the factories

to change A, but to change it very, very slowly. Therefore
it will set up a price system, which is slightly different
from the labour value price system. But the difference is
small in comparison with the difference between the compe-
titive and the labour value price system. When the optimum
value A is reached,. the planning commission will return to
the accurate labour value system, which coincides with the
competitive price system as soon as the economy moves . along
the Golden Rule path.

This theory presupposes a constant labour force. If popu-
lation and labour supply are growing exponentially, the op-
timum rate of interest would be higher than the growth rate
of real wages and the ordina:y‘labour-value theory fails.
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But this should not be a very serious trouble for a well
trained dialectician; what is still true is that on the

G.R. path the price of a commodity is proportional to the sum
of the relative portions of the labour force, which are used up
to produce the commodity.




