EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-05-10

The Phillips -Mundell Relation in Theory
and Data (1)

MIYAZAKI, Koichi / ZlF, #Ht—

(HhkZ#& / Publisher)
EHARKERBZHER

(M=t4 / Journal or Publication Title)
IR7ZEM / The Hosei University Economic Review

(% / Volume)
51

(& / Number)
2

(BAss~R—< / Start Page)
79

(38 T7T~R—< / End Page)
109

(RA1THE / Year)

1983-10-25

(URL)

https://doi.org/10. 15002/00006179



KEIZAI-SSHIRIN (The Hosei University Economic Review)
Vol. 50, No. 3, 1983

The Phillips-Mundell Relation
in Theory and Data

Koichi MIYAZAKI

Introduction
Chapter I. Inflation Theory

Introduction

Section 1: Statics

Section 2: The Model with the Stock Concepts

Conclusion

Appendix

References )
Chapter II. The Data and the Theory (forthcoming in this Review)

Introduction

In this paper the relation between the rate of inflation and the
levels of production and employment is called as the Phillips rela-
tion. Usually “the Phillips curve” means the trade-off between
the rate of inflation and the rate of unemployment, and it is to
distinguish the above relation from this that we use the term “rela-
tion” instead of “curve.” Morcover, the inflation connected with
the term “the Phillips relation” here means the rise in the prices
as against that in wage-rates.

The basic assumptions of the model of this paper are made in
order to make it casier to describe and analyze theoretical relations
between inflation and employment.  ILct us briefly summarize them
as follows. (1) The wage-rate function with employment as its
variable is assumed to be upward-sloping in the short-run, where the
wage-rate is the nominal wage-rate. (See I'ig. 1, below.) (2) A
two-scctor model is adopted in which the labor market and the
commodity markets arc assumed to be perfectly competitive.  (3) A
tatonnement price adjustment process is assumed to prevail in the
system of flow markets as treated scparately from the system of
stock markets. And (4) it is assumed to the effect that the ratio
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between the prices of nondurable consumption good and durable
good (which are the two kinds of commodity in the two-scctor
model) is all the time constant and that so is the ratio between the
quantities produced of the two kinds of commodity. This last
assumption is made in order for us to be able to avoid theoretical
complications likely to arvise from the possibility of changes in the
relative price and in the proportions of the constituents of the aggre-
gatc production,

Two kinds of the Phillips relation are distinguished @ that is, the
positive corrclation between employment and the expected rate of
inflation, and the positive correlation between employment and the
actual rate of inflation. Let us call them as “the first kind of the
Phillips relation” and “ the short-run Phillips relation,” respectively.
[t is an aim of this paper to formulate a model which accommodates
both the two kinds of the Phillips relation. Such a Keynes model
as formulated by Chakeabarti in [2] satisfies the purpose, which is
a two-scctor model. Cloncerning the two-scctor model to be applied
to the analysis of inflation, two fundamental considerations are
required. The first of them is about the problem of what assump-
tions must be made in order for us to be emancipated from the
anxiety about the aggregation in the two-scctor model, that is,
about the index number and the real aggregate unit. The second
of them is concerned with stability of the model, ecspecially with
the stability of the system of flow markets, which is basic both to
the simple aggregation and to the analysis of inflation,

Chakrabarti [2] gives us valuable suggestions for the modelling
in the present paper. Also we have to refer to Prof. Uzawa’s
model [13] as a formulation of the profit-maximizing firms on the
basis of the perfectly competitive market assumption,

The above defined first kind of the Phillips relation, or the
Philli ps- Mundell relation, has been pointed out by Mundell [8] in
the classical framework of the model by Metzler [6]. The presence
of monctary claims such as bonds in the macrocconomy together
with moncy and real capital is the most fundamental factor to the
existence of the first kind of the Phillips relation,

Chapter 2 (which is in preparation to be separately published
in this Review) is devoted to the statistical analysis of the Phillips
relation and some related correlations.  Data relevant to the Phillips
relation are examined both conceptually and econometrically, based
on the model formulated in Chapter 1. The factor of increases in
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labor productivity will be introduced in relation to the rate of
incrcase of the nominal wage index, motivated by the cconomectric
test of the corrclation between the factor and cmployment.  An
explanation of the empirical correlation between the rate of increase
of the wage index and employment, or the counterpart to the
original Phillips curves in [10], will be stated as an alternative to
the explanation by Phillips [10].

The Phillips-Mundell relation defined above will be positioned
in Chapter 2 as one of the factors which explain the high correlation
of the Phillips curve.

Chapter 1. Inflation Theory

Introduction

1. Summary of the Model Before the Aggregation and the
Inflation Scheme

Commodity Production : Therc are two kinds of good, non-
durable consumption good, denoted by subscript C, and durable
good including consumers’ durables, denoted by subscript D, The
production function for j-good (j=C, D) is X;=F,(N; K;), where
Ny and Kj; are quantitics of cflective labor employed in the j-sector
and capital assets held in the j-sector. This is the long-run produc-
tion function. The short-run production function is denoted by f;
(N;) which is given by regarding X as fixed in IF;(Ny, K;). As
for convexity, it is assumed only that for a fixed K; the short-run
function is convex above, reflecting diminishing returns to labor,
The short-run function is assumed to shift up when Kj increascs.

Demand for Commodities: Demand for durable good is a
decreasing function of the expected real rate of interest -z, where
7¢ denotes the expected rate of inflation. This is what is assumed
in the short-run when the state of long-term expectation is given.
Capital accumulation may shift the curve. But a fictitious situation
which would prevail if there is a lower rate of inflation expected
now to endure steadily in the future, lower than the actual expected
rate of inflation, will be worth comparing with the actual situation.
In this sense the short-run durable-good demand function matters
in relation to the first kind of the Phillips relation.

Demand for nondurable consumption good cquals €Y/ Pe, where
¢ is a constant such that 1>¢>0, Y=PcX¢+ PpXp, and Pc is the
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price level of C-good. X, Xp, and Pp are quantitics produced of
C-and D-goods, resp., and the price level of D-good.

Demand for Durable Good: Saving Y—PcXe always equals
the nominal rate of the purchase of D-good PpXp. Hence, PnXp
(ie—=¢), where Xn(+) denotes the durable-good demand function.

Demand for Money : Demand for money cquals L) Y.

Supply of Money : Moncy supply cquals to MW, where M s
a policy variable and W is the nominal wage-rate.

The Supply Curve of Labor: Demand for labor is a demand
derived from demand for commodities. The supply curve of lahor
is represented by the nominal wage-rate function W=W(N, ).
The function measures the level of nominal wage-rate at which
workers are willing to supply the quantity N of effective labor at
time £

It is assumed that, for cach fixed f, W(N, ) is an increasing
function of N. (Sce Fig., 1). This curve in IFig. 1 is denoted by
W=W*(N).

The function W(N, ) contains the variable ¢ because the short-
run labor supply curve is assumed to be always shifting for the
following two reasons : first, shifting upward at a pace of the infla-
tion of the general price level, since workers get informed of the

w*

The Short-run
Supply Curve of Labor

Fig. 1
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reduction in recal incomes by the inflation, sooner or later, despite
their short-run money illusion. Seccond, it is shifting to the right,
reflecting the increase of the quantity of effective work that is
contained in onc unit of work hour, caused by a rise in labor
productivity, Behind the formulation W= W(N, ¢) there is supposed
the short-run money illusion on the part of workers as I'riedman
[4] states. Namely, workers tend to lag in being informed of a
change in the general price level, because they are not able to
obtain information about the price level so casily as producers are.
Producers arc much more accessible to such information since the
general price level reflects a change in Pp, that is, the price of
durable good which contains durable goods for industrial usc.

Perfect Compelition : Perfect competition prevails in the com-
modity markets and the labor market. It is assumed that no
influential power on the market prices of goods and labor is held
by the demanders and suppliers there. Instcad, auctioncers are
assumed to play the cquilibrating roles in the markets,

The LM Cuwrve: In the short-run the cquilibrium in the moncey
market requires L) Y=MW*(N). In the short-run the argument
N in W*() reflects the movements of X¢ and Xp: such move-
ments of X¢ and Xp may happen on account of a shift of durable-
good demand. This is how the nominal wage-rate W changes
cven in the short-run. The change in W cnters the money supply
function MW. P;’s arc ceferis paribus proportional to W, so that
Y is ¢. p. proportional to W. Hence, in view of L(DY/W*(N)=
M, the function W*(N) may be immaterial on the whole left-hand
side of the cquation : the production functions and the function
L(#) may be the only factors which determine the relation between
rcal production and the nominal rate of interest. The rcal LM
curve will thus be independent of the wage-rate function, a simple
result justifying the formulation of money supply.

2. The Inflation Scheme

Suppose the economy is in the short-run cquilibrium in the
sense of the following equations :
§Y=D(i¢— =),
MW(N)=L{)Y,
l’:Pw(y)W(N),
Y="Py,
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=0,
ie=1,
y=f(N),

where D denotes the nominal value of the purchase of durable
good, D="Pp(it—a) Xn(it--7*), and P the nominal price (index).
The function Pw(y) is the inverse of the function f“(f~1(¥)), where
() is the inverse function of the function f(N). Capital stock
() is asssumed constant.  ‘This system of the short-run equilibrium
describes a static state of the economy in the sense that prices and
nominal values are constant as well as real variables. Indeed the
cquilibrium quantity of employed labor (N) is constant and W(N)
is constant, so that the nominal moncy supply M:=MW(N) is
constant, Similarly for P. Tlence Pyis constant, and so is D=3§Y.
The expected rate of inflation cquals zero. Let us call this state
as * the short-run static equilibrium.’

Let us proceed to consider how inflation can consistently creep
into the equilibrium system. The following is a simple logical mecha-
nism to expain this : first, suppose the real stock of money supply
is increased (by increased production of precious metals, by printing
more bank notes, ctc.) ‘The real LM curve shifts to the right, and
the price level P rises as real production and employment rise.  The
wage-rate rises as employment riscs.

Thus, a once and for all increase of the real stock of money
causes once and for all rises in price level, wage-rate, production
and employment. But the rises will stop as soon as the increase
in M docs. ‘T'he cconomy shifts to the new short-run static cqui-
librium.

The rate of interest falls, and there arises a discrepancy between
the rate and the long-term expectation about the future rate of
interest.  Let us call such a process ‘the short-vun rise-in-money
process.’

Now, instead of supposing that M initially rises, assume that
the durable-good-demand function shifts autonomously upward (hy
discoverics of new opportunities of investinent, ete.)  Subsequently,
the price level rises as production and employment rise. The wage-
rate rises as employment rises.  ‘The rate of interest rises.  Hence
the discrepancy between the actual and expected rates of interest
(of the opposite dircction to that in the above case of M s increase.)
Let us call such a process the short-run *shift-of-mec’ process.
(“Mec’ represents ‘the marginal-efliciency  schedule of capital
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Thus, we defined the two short-run processes of the changes
in the supposedly given economic conditions. Let us then imagine
that these processes alternately happen in the short-run, without
reaching the ceiling of full employment. Then, the cquilibrium
rate of interest alternately falls and rises, whereas price and wage-
ratc keep rising. Suppose, for simplicity, that the shift-of-mcc
process is cverytime just as cffective as cancels out the preceding
fall of the interest rate caused by the risc-in-money process.  Let
us call such an alternate process as ¢ the intercst-neutral process.’

The price level and wage-rate continue to risc in the interest-
neutral process.  Suppose the rate of change in real production (¥)
is constant through the process.  Suppose further that marginal
product of labor happens to be kept from falling much notwithstand-
ing the steady risc in the rate of production. This implics that
the supply functions of the two goods are assumed to shift down-
ward, Such shifts of the supply curves are supposed to be caused
by capital accumulation and technical progress : marginal produc-
tivity is assumed to rise owing to the productivity effect of capital
accumulation and technical progress, hence the downward shifts
of the marginal cost curves. 'The process is no longer a short-run
process but a long-run process, in the sense that it reflects effects
of accumulation of physical capital assets and technical progress.
Distinguishing such a process with constant marginal product of
labor from the short-run interest-neutral process, let us call this
process ‘the long-run interest-neutral process.” In this process, the
price level and the wage-rate risc in a constant proportion, and the
nominal money supply and the nominal rate of production rise in
a constant proportion. ‘The nominal rate of production rises in a
greater growth rate than the actual inflation rate by the growth
rate of the real rate of production,

If such a long-run process has been experienced for some sufli-
cient length of time, the long-term future inflation will come to be
psychologically built in people’s economic behavior. This is how
=¢ becomes a positive magnitude.

After a long-term expectation of positive inflation has been
formed, the short-run equilibrium investment per unit of time rises
relative to the level before the formation of the expectation.  As
will be explained in Section 2-4, in the full equilibrium with the
new cxpectation of inflation the time paths of the price level and
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the wage rate arc uniformly higher than in the full equilibrium
with zero expected inflation, The wage/price ratio will be lower,
however, provided there arises no offsetting rise in labor producti-
vity, relative to the zero expected inflation, Once the new full
cquilibrium is reached, the short-run equilibrium conditions are of
course fulfilled. T'o this is added the effects of capital accumulation
and technical progress, which shifts the supply curves of the goods
in a harmonized proportion and at the same time shifts the margi-
nal product function of labor, so as to keep the equilibrium
marginal product of labor from falling. We are now in a stylized
picture of the long-run full equilibrium growth path of the economy.

Section 1. Slalics

1. The Demand Schedule of Durable Good

In this papar only one kind of durable good is assumed to
exist, and the production period of the durable good is assumed
to be so short that capital accumulation during one period of pro-
duction of durable good may be regarded as negligible. Thus,
production of durable good is completed in the short-run,

For simplicity let us assume that (1) there is not any deprecia-
tion of real capital, and that (2) cach unit of durable good is
expected (by the investing producers and the consumers of con-
sumers’ durables) (o carn a constant and cverlasting flow of extra
net profit or imputed benefit which can be measured in terms of
nondurable consumption goods. The extra net profit or imputed
benefit which is expected o be carned by cach marginal real
purchase of the durable good reflects its productive service or utility
benefit at cach point of time in the future,

Let x(Xp)dXp denote the constant flow of extra net profit or
imputed real benefit pertinent to the marginal purchase of D-good
dXp. Let a¢ be the expected rate of inflation,  ‘Then, Pex(Xp)dX)
exp(@) cquals the nominal value of the flow pertinent to dX» at
time { (1=0.) Hence, Pex(Xp)dXpexp(ret)dt equals the accumu-
lated value of it from ¢ to t1-dt.  Its dimension is stock of moncy
at time . Therefore,

ra Pex(Xp)dXp exp((at—i)Ddt=(Pex(Xp) /(¢ —=¢))dXp
0

cquals the present value of the flow of extra net profit or imputed
benefit expected to be carned by the dXp from =0 to indefinite
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The Demand Price
of Durable Good

o Xp
Fig. 2

future. Let us denote this by P4(Xp, Pe,ie—a%)dXp. T'he inverse
function of the function P§ with respect to Ap is denoted by X,
(P, Pe, it —=z"). Supposc P{(Xp, Pe, it—a)dXp>PpdXp, where Pp
is the market price of D-good. This means that the present value
of that dX» exceeds the cost of purchasing it. "They will therefore
purchase all of such dXp. Thus, the function X4(Lp, Pe,it—=x*
represents the demand curve of D-good, mcasuring how much D-
good the firms and the consumers demand, given Pe and their
expectation i —a¢, (IFig. 2) It is clear that we may write XP(P,
Pe,it=r)=¢((Pp/Pc)(i€—r)).

Finance of Investment: An Implicit Assumption

It must be remarked that ceven if the producers of durable good
are ready to supply the good at a supply price, the investing firms
and the demanders of consumers’ durables cannot purchase the
good to the extent suflicient for them wnless opportunities to finance
the purchase are available : if they do not have enough money they
must be able to borrow from other ecconomic agents. We assume,
therefore, that such opportunities are always secured.

This assumption amounts to the same thing as saying that the
durable-good purchasers are supposed to be free to supply monctary
claim. Because to supply monetary claim means to give to other
agents claim to the funds by which they finance the purchases of
durable good. ‘This assumption will be institutionally satisfied if
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they are able to issue bonds and stocks, or to borrow from banks,
ctc.

Investment Creates Savings ?

The Kahn-Keynes income multiplier process explains how a
change in the nominal rate of the purchase of durable good gives
risc to the same change in the nominal rate of saving in the wider
sense, that is, the remainder of nominal income after buying
nondurable consumption good. In our Keynes model a change in
the purchase of durable good logically precedes that in the saving,
This means that the amount of finance of the purchase of durable
good, such as that of new lending by the banks to the firms or to
the consumers, is considered to be able to be changed more or less
independent of how much the past flow of the saving in the wider
sense amounts to,  Such flexibility of supply of loan is assumed to
be satisfied.

2. The Supply Price

f3(Ny) is assumed o fulfil the convexity denoted by f;>0 and
£7<0 for all Ny>0. The producers of j-good (j=C, D) try to max-
imize profit, and the price of the good and the wage-rate are
assumed to be given by the auctioneers of the market of the good
and of the labor market. ‘T'hus, they maximize profit P, fy(Ng)--
WNj, to determine Ny such that f(N)=W/P; that is, marginal
physical product of labor cquals real wage-rate in terms of the

P}
’ The Supply Price
of Durable Good
\]
N
o Xn

Fig. 3
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good. Thus, Py=W/f}(Ny) as a function of N; represents the
supply price of the j-good at which producers are willing to produce
by employing the quantity Nj of labor. By X;=/f;(N;), the supply
curve of the good can be written as Xi=Xi(P;, W)=/f;(3;,(W/Py)),
j=C, D, where 25(¢) is the inverse function of f(Ny). (I'ig. 3)

3. Stability of the Price Adjustments in the Flow Markels

Walrasian tatonnement price adjustment rules (see [1]) are as-
sumed in the flow markets, that is, in the markets of C- and D-
goods and the labor market. In the good markets, it is assumed
that the auctioneers’ price adjustment functions are written as

dPp/dr = ar(X4(Pp, Pe, i¢-- 29— X4,(Pp, W)) a >0
dPc/de=a2( X}(Pp, Pe, WY—Xi(Pe, W)) az>0
where?

Xi(P, Po, =) =¢((Po/ Po)(Fe- 7)),
X{CPv, Pe, W)= (e(PoX1(Po, W)+ PoXt(Po, W)/ e,

and X3(Py, W=/,(4,(W/Py)), j=C, D. X¢ is formulated in such
a way that the auctionecer corvectly anticipates the full result of
the consumption generating process, with the multiplicand of the
propensity ¢ considered to be the real factor incomes (in terms of
C-good), that is, real wage and profit, carned in both C and D-
scctors, at cach vector of the prices £’y and wage-rate W.

In the labor market the auctioncer is assumed to adjust the
nominal wage-rate by the following rule before actual transaction
is made.

dW/dr =aa(N4(Pp, Pe, W)—N(W)), az>0

where N¢=NL-+NE=2o(W/Pp) 4+ 2¢(W/Pe) and N* is the inverse
function of W=W(N,t). The shift factor ¢ can be adequately
ignored in the tatonnement process above.

The auctioncers in the three markets are assumed to complete
the adjustment process before actual transactions start.  The variable
t should be interpreted as distinet from the ordinary time variable
t. tis a fictitious adjustment time variable of the HMicksian tem-
porary cquilibrium, which is considered to have been attained at
every point of time £ (Iig. 4)

i) I wish to thank l’rliof.wg.?k:\sl}i,' Scijo University, for a suggestion on X¢
at the meceting of the T C.E. R, which motivated me to improve the
formulation,
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P of Durable Good
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I'ig. 4

Theorem 1. Suppose i¢—7¢>0 and ¢’<0. Suppose, further, that
the price clasticity of short-run supply of nondurable consumption
good is greater than, or cqual to, that of durable good. Then, the
price adjustment system of the flow markets is locally stable il and
only if

an  di2 an diz s

>0, Ji=|an a2 axn|<0,

dzr - dae an axn  as

where

J=08(Ep, Iie, I5x)/3(Pp, Pe, W),

namely the Jacobian matrix of the excess demand functions Fp=
X4 — X3, cte,, with respect to the prices, evaluated at an equilibrium
price vector.

Lemma. 1f all commodities in a market system are weak gross
substitutes, and if the Metzler matrix pertinent to the market systemn
is indecomposable and acyclic, then the conditions for local stability
independent of the speeds of adjustment are identical with the
Hicks conditions for perfect stability,

Proof. By the Frobenius Theorems (see Takayama, [12], p. 372
and 375) a non-negative square matrix has its I'robenius root to be
positive and unique in the sensce that there is no other characteristic
root with its modulus equal to that of the Irobenius root (Takayama,
[12], p. 378) whenever the matrix is indecomposable and acyelic.
It is known that the argument in the proof of Metzler’s theorem
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(Metzler [7], p. 286-290, cspecially p. 286-288) holds good cxactly
as it is if the corresponding I'robenius root (Metzler denotes it as
p in his Eq. (9 in p. 286 of Metzler [7]) is positive and unique
even when some of non-diagonal cocflicicnts (Mectzler’s @i;) equal
zero, Thus, the Lemma is proved as a corollary of the Metzler
thcorem. Q, E.D.

Proof of Theorem 1. By the assumed incqualities it can easily be
scen, in view of fy’>0 cte., that the Jacobian matrix J is an
indeccomposable and acyclic Metzler matrix. Ilence, by Lemma,
the system is locally stable irrespective of the speeds of adjustment
a, az, and as (as long as they arc all positive), i and only if the
Hicksian condition for perfect stability are satisfied. Since an=a
(@ (e—=z9)/Pc--fo' 2’ W/PL) is negative, the second and the third
incqualitics of the Hicksian conditions are necessary and suflicient
for the stability. (Appendix treats a detailed acount.) Q, . D,

Section 2. The Model with the Stock Concepts

1. Simplifying Assumptions For the Aggregation

As the following argument will show, there exists a sct of
assumptions concerned with clasticities of supply with respeet to
price and capital and so on under which the two commoditics and
their prices behave as if they were aggregated into one commodity
and one price, without any ambiguitics about making indeces.

Let K; denote real capital stock held by the j-good producers,
i=C,D.

In the following, the flow-market adjustment is assumed to
have been done at every moment.

Assumption 1. ‘The supply function of j-good for cach given W
can be written as

Xy=15(KDy(Ps/ W) i=C,D.
Assumplion 2. Tt is assumed that
WIny(KD))/(dIn K)=b for all K;>0, j=C, D,

where b is a constant independent of j.  Assumptions 1 and 2 imply
that the same rate of capital accumulation is assumed to expand
the short-run supply curve of cither good proportionally along the
horizontal axis, the porportion being constant for all ;>0 and
the same for both the goods.
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Assumption 3. (The Elasiticity Condition)

@InX)/@InPH=g, i=C,D.
Namely the elasticitics of the short-run supply curves of the goods
are constant and equal,

Assumption 4. ‘The part of the total quantity demanded of durable
good for cvery level of its price which is shared to the firms as
against the consumers is always divided in the same proportion
between the two sectors as that in which the capital stock (for
industrial use) is divided between the two.  This assumption implies

din Kp=dIn Ke,
where, as repeatedly will appear below, d denotes derivative with
respect to time. (Ifig. 5)

Theorem 2. Under Assumptions | through 4, the rates of change
in Pc and Pp are cqual, and the rates of change in Xe and X»p
are equal.

Proof. By Assumption |,

din Xy=dn ry(K) +-dln g, (Py/ WY j=C,D. (1)
By Assumptions 1 and 3,
dlngy=g(dIn Iy, j=CD, (2)
By Assumption 2 and Eqs. (1) and (2),
din Xy=g(dn PO +0(din Ky, j=C,D. (3
Py
[The Demand Curve for
D-Good for both the Ph(Xp)
“ Industrial and Con- S
‘\ sumption Uses) q?(?
—-—.-\ -
\KC/E‘\K[) N
\
\Kc ‘Kn
\
Ph K("/:i%K“/’ [ X}, denotes the quantity of
AN ! durable good demanded by
by : the j-sector (j=C,D).]
\\!
.
. I
0 g xR~ xh X6+ XB . X

lig. D
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By S=38Y, we have PpXp=lPcXe, so that dln Pp+din Xp=dIn
Pe+-dIn Xe. Hence,

din Xp—dln Xe=—(dIn Pp—dIn P¢).
But by Assumption 4 and Eq. (3), we have
din Xp—dIn X¢=g(dIn Pp—dIn P¢).

Since Z is positive (the positive-slopedness of the short-run supply
curves), we have

dln Pp=dIn P¢
din Xp=dIn Xc. Q. 15D,

Clearly the samc proposition holds good if Assumption 1 is replaced
by

Py/W=8,(K)ni(Xp) j=C,D.

and Assumption 3 by (91In ) /(9 In X)=k, j=C,D. In this case,
Assumption 2 implies that the same rate of capital accumulation
is assumed to expand the short-run supply curve of cither good
proportionally along the vertical axis.

An important implication of ‘Theorem 2 can be summarized in
the following

Corollary. As long as Assumptions 1 through 4 are fulfilled, the
two goods can be treated as if they constituted one commodity,
which holds good independently of what curvature the demand
schedule for durable good takes.

The equilibrium price of durable good may change either by
a shift of the demand curve or by a shift of the supply curve. In
cither case, the local and global curvature of the demand curve
appears to be onc of the possible causes of disturbing a proportional
balance between » and Pe¢ (the equilibrium prices). The above
corollary emancipates us from such an anxiety : though the rate of
change in price level may change over time, the rates of change
of both the prices are always the same, and, morcover, the rates
of change of quantitics of the goods produced are always the same,
which holds regardless of the shape of the demand curve for
durable good.

Assumpltion 5.
140, =0, j=C,D.

Theorem 3. Under Assumptions 3 and 5, the short-run production
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function are of the Cobb-Douglas type with respect to labor.
Proof. Lect us omit subscript j for brevity in this proof. The two
basic relations are f/(N)=IV/P and X=f(N). 'The situation we
arc concerned here is that in the short-run. Let us denote the
inversc function of f(+) by N=N(X), and f/(N(X)) by h(X),
which denotes the marginal product of labor when the short-run
production level equals X, In view of f/(N)=W¥/P, we have, by
Assumption 3, (dInh(X))/(dIn X)=2, where 2=—(1/g). This
implies 2’(X)/h(X)=2/X, so that we have In i(X)=2(In X)-} Ao,
where Ao is a constant ol integration.  We have #(X)=AX". Since
X)) =f(N(X)), we have 1=dX/dX=d(f(N(X))/dX=f(N(X))
N(X)=hXIN'(X). Hence N(X)=(W(X))1=A1X"% Assump-
tion 5 implics that N(X)=BX'"% where B is a positive constant,
Hence, we have X=ANV-2 where Ai is a positive constant.
Q.LE.D,

Corollary. Under Assumptions 3 and 5, the clasticities of demand
for labor with respect to the levels of production of C- and D-goods
are the same in the short-run. Under Assumptions 1 through 3,
therefore, the rates of change in demand for labor of both the
sectors arc cqual.

Theorem 4. Under Assumptions 3 and 5, the relative shares of
labor in both the sectors equal g/(1--2).

Proof. By the proof of Theorem 3 we have Xj=A,;N,&/+2), j=
C, D, so that the relative share of labor in the j-sector cquals WN;
/(P X)) =g/ +8. Q. LE.D.

2. Compound Interest and the Iixponential Function: A
Digression

‘ Monctary claim’ may be an uncountable word just like money
or liquidity. This word is introduced here to replace the word
‘bonds.” Monctary claim is the claim to a certain amount of money.
The valuc of a quantity of monetary claim cquals the value of the
money to which its holders have claim. The quantity of monetary
claim is measured by the quantity of money to which its holders
have claim. Thus, the quantity of monetary claim and its nominal
value coincide with cach other.

In the following, a fundamental consideration about multiplica-
tive increase of monctary claim will be examined. As formulated
above, the demand price of durable good is determined as the value
of monctary claim which is cquivalent to the marginal unit of
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durable good with respect to the present value of expected flow of
returns, The following is an analysis of multiplicative increases of
monctary claim. For the sake of analytical simplicity, the continuous
(as against discrete) model of monetary claim and interest is
adopted.

L.et Vo denote the nominal value of a quantity of monctary
claim at time 0, and { the nominal rate of interest. The value of
the total of the principal and interest at compound interest at time
¢t is denoted by V(). Then, in this continuous scheme, it holds
that dV(®)=dt)V(t), which expresses that the value of claim is
added by V{#), or the value of claim at time ¢, times idt or the
rate of interest for the infinitesimal period of time df starting from
time £ ‘This holds for all time & Hence, V' (&)=i V() for all >0,
The solution of this differential equation is V{#)= Vocexp (it). This
proves that: if the rate of interest is constant for all {20, then
the total of principal and interest at compound interest equals the
exponential function with initial value to be the value of the claim
at £=0,

[t might be interesting to point out as follows that there exists
an argument in terms of calculation at simple interest by which
the total of principal and interest at compound interest is shown
to cqual 14X, GOX/(RY) times Vo, dispensing with the above argu-
ment in terms of the diflerential equation and withont using the
cxpansion formula for the function ¢*. ‘The argument is as follows,

For simplicity suppose Vo=1. This value of claim produces
interest on this initial value at the rate of i per unit of time: the
interest on this initial value only is a lincar function of time #, . e.,
cquals #i. (Example: if =032 year and i=6.0%/ycar, then the
simple interest on the principal 1 yen equals (0.32)(0.060)(1)=
0.0192 (yen).) Put Ji(t)=ti, defined for all 1, £20 with / constant.

Fig. 6 depicts the function Ji(#) for all £=0. Now, fix arbi-
trarily time A4(>0). Take any ¢ such that 0={<6. ‘Then, therceis
some small picce of interest which was produced by the principal
1 during some infinitesimal period of time starting at each time £,
This small picce of interest can be written as (d1/(1)/dt)dl=idl.
This picce of interest at time f has been producing interest at
simple interest since time £ until time 4 when we now are.  The
accumulated simple interest on this picce of Ji(h) equals [(fi—18)i]
(idt). ‘This formula holds gencrally for all 4, 0¢<#. The integral
of this differential cxpression from #=0 to {=#h will denote the
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ho Fig. 6

/ Ji()=it

[ (t) signifies the 1st stage
of the accumulated simple
interest at each time t.]

idt -——>
T/ u—t
dt
J
o / \ t t
t - dt

Fig. 6: The infinitesimal picce fdf at time ¢ which is a part of
J1i(t) has been producing simple interest (§df)§ per unit of time since
t until #;. The piece has accumulated the simple interest by (#,—¢)
((@dt)i). We integrate this from (=0 to {=#, to obtain Jo(1)).

total of simple interest on cvery infinitesimal picce of fi(t) accu-
mulated since the birth of that piece until time £ This integral
is denoted by J2(t). Clearly J2(¢) is defined for all ¢, {20, and is
scen to be an increasing function of £ Just as the function Jo(#)
is derived from the function Ji(#), we can derive the function Js(4),
say, which signifies the total of simple interest on every infinitesimal
picce of J2(#1) accumulated since the birth of that picce until time
ti. It is secn to hold that

jam):j;'[(zl—t)i] CdJ(D/dbyl. 4)

Similarly the functions Ji(8), [fs(#), cte. will be derived recursively
by the formula

jkn(h):]: [Ch—=Bil(d] (D /dt)dt, (%)

for k=1,2,3,... cte. For the cconomic meaning of (5), see the
legend for Fig. 7.
Since
¢
jz(l|)=L’[(h»~t)i](z’dl)=i2(tf/2!),
we have the general formula
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ING) Fig. 7 (i}

/ Jk(t)':-T

[Jk(t) significs the k-th stage
of the accumulated simple
intcrest at cach time t.)

K @Odt ——>
I u—1t
dt
//
(o) \ t !
t/ t-}- dt

Fig. 7: The infinitesinal picce Ji'(1)dt which is a part of Jr(t))
has been producing simple interest (Ji'(@)d)i per unit of time since
¢t until #;. The piece has accumulated the simple interest by (4—1)
((Jx’®dD). We integrate this from $=0 to f={y, to obtain Jx,1(¢1.

Je(O =D /R, k=1,2,3,.., clc (6)

via the equation
(t
L= (/A= G A2 D)
Jo

The total of 1, J1(h), Jz(t),..., ctc. represents the total of principal
and interest which comprises all repercussions of simple interest on
any interest produced before time £, cach of which has been entirely
added to the stock of monetary claim (Fig. 8). This total equals

14-it4-(D2/214- (i3 /31 + . .cte,

and the k-th term of this series has that meaning, represented by
(5).

It can be casily found that the above line of reasoning applies
also to the casc wherc the future rate of interest is not constant but
may change over time, or can be written as a function i(#) of time
f. It is well known that the total compound interest on unit of the
principal in this case may be expressed by 3., /x(#), where
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o (itk
k“] k!

hO+ RO+ T30+ hO+-

(=the compound interest)

/ L)+ L0+

i+ 300

I'ig. 8 /

/ h(

1={(unit of the principal)

Fig, 8: The total of all the stages of the accumulated simple inter-
est equals {exp(if))—1 at time £y, because the k-th stage of it is calcu-
lated to equal Gt)X/(R) (see the text.) Thus, the k-th term of the
expanded series of exp (§f;) (which can be shown to measure the total
of principal and interest at compound intevest via the alternative route)
may be interpreted as the k-th stage of the accumulated simple interest.

()= ki, <j;i(r)(lr>k. (8)

What might be interesting is that it follows from the argument that
cach term of the above series allows a dircct interpretation similar
to that of the term ()*/(k!) in the previous case, Proof: The
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term for k=1 significs the total of the (first-stage) simple interest
on the unit principal, that is, 1|=L‘)i(r)dr. Suppose, for some k=
1,2,., that the equation (8) holds. Suppose, further, that fxa(f)
is in the following relation to [i(#), the relation which permits the
cconomic interpretation similar to that of lq. (5):-

Lon(h) = \; (]:‘i(r)dr> (. 9)

Integrating by parts, since x(0)=0, we have

Ten ()= [( {j‘i(:)d:) 1;.(:)] ;‘H .[:—i(t)[k(t)dt

’

:rl (j;i(t)(lz')k”d i

kD

(o)

= G
Hence, Lq. (8) holds good for all k=1,2,... under the assumptions.
This means that the expression on the right-hand side of Lq. (8)
allows, for any k=1,2,.., the recursive cconomic interpretation
indicated by Eq. (9).

The cconomic interpretation of the terms of the series might
be interesting as analogous to that of the terms of the Kahn-IKeynes
income multiplicr serics, to that of the terms of the classical series
of multiplicative credit creation, cte.

o

3. The Lffects of Inflation on the Nominal and Real Rates
of Interest

Why Incremental Capital Assels and Stock Money Supply in the
General Theory?

Why docs capital assets appear in the incremental variable, i. e,
in investment in the short-run cquilibrium conditions, whercas the
other kind of accumulated assets, collectively called © money,” appears
there as a stock variable? 'T'he fixity of capital assets explains the
reason for it—this is widely known and understood. Here, [ should
like to enlarge the explanation for a decper understanding of such
a way of Keynes’ short-run formulation. "T'he point is that it is in
comparison with that of money that the fixity of capital assets
enters the consideration behind the formulation.
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For example, unlike materials or fucls, a machine used in a
manutacturing factory will endure physically and functionally for
such a long time as 20 years. This mecans that even after 5 years
passed the machine will still work, and even then, the machine will
not have completed the long process of taking back the principal
of the money invested in itself.  Materials and fuels are consumed
and totally transformed into the products which are being made by
use of them, but capital assets is not : it remains, so that it strongly
tends to be accumulated.  In other words, the period of the taking-
back of the fund is much longer in the case of manulacturing
industries’ long-term investment in machines and capital assets, than
in the case of trading and commercial industries’ ¢ short-term inve-
stment’ in (or temporary purchase of) general goods, including
investment good or machines,

It is here that money is compared with capital assets with
respect to the short-run modelling, i e, stock versus flow, First,
the stock of money, once invested in a purchase of commoditics to
resell, will soon be taken back on finding demanders of them and
selling them. But the fund for the stock of capital assets, on the
other hand, once invested in factories for instance, will take much
time to complete the taking-back process or program of it. This
means that money soon comes back in the total sense or in the
stock sense, whereas the fund for capital assets does not soon come
back in that sense. Sccond, money changes its owner from onc
cconomic agent to another in its entirety, whereas capital assets
changes its owner not much in its entirety, but mainly only partly,
in the additional or replacing sense. or those two interrelated
reasons capital assets does not appear as a stock variable in the
short-run cquilibrium conditions or cquations. Fspecially, money
changes its owner in its entirety in the short-run, so that it appears
as a stock variable in the short-run equilibrium conditions. It docs
s0, because it comes back to the traders soon or in the short-run,
who pay it out to purchase things and scll them with trading
margins, Money appears in its totality thus in the short-run piceure
of the macrocconomic transactions,

The Effects of [nflation on the Nominal and Real Rates of [nterest

Monctary claim increases at compound interest if its interest
continues to be added to the principal.  Money does not bear any
interest and it is barren in that sense.  Money has liquidity, whose
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benefit balances with the interest of monetary claims. A model of
a schedule of the liquidity premium for successive marginal units
of money is depicted in Fig. 9. This schedule is downward-sloping
and it is assumed in this paper that the curve expands along the
money-axis in the same proportion as the nominal rate of produc-
tion (Y) changes. (See Fig, 10)  Behind this there is made the
following

Assumption 7-1: ‘The demand for money is proportional to the
nominal rate of monetary transaction : the quantity of such a portion
of money that bears each level of the rate of liquidity service is
assumed to be doubled (say) il the rate of monctary transaction
doubles.

Hence, the formulation M!'=LG)Y (p. 4). However, more

fundamentally, there is placed the following assumption behind the
formulation of the function L{i) itself.
Assumption 7-2: Any change in the cxpected rate of inflation
(z*) does not influence the people’s asset-choice between money
and monectary claims, so that the rate of interest which is relevant
to the asset-choice between money and monctary claim is the
nominal rate i, as against the real rate i—ze.

This assumption stems {rom the viewpoint about the motive 1o
liquidity as follows: people want to hold money mainly only [or
short time in the sense that the stock of money they hold will soon

(%)

| € signifies the liguidity premium

of cach marginal picce of money.)

o M
(nominal stock of money)

Fig. 9
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£(%)

(Y=nominal income)

Fig. 10

be paid out in transaction and be replaced by the money that
they receive in transaction.  In other words the turnover ratio of
the stock of money is high as compared with other kinds of asset.
1t follows that the price people compare with the liguidity premium
of money is the short-term rate of interest rather than the long-
term rate : people try to know how much an amount of monctary
claim will carn as interest in one or two years rather than five or
ten when determining the assct-balance between money and mon-
ctary claim. This implies that the interest they question in this
casc is interest in one or two yecars rather than the compound
interest to be carned in five or ten years: The simple interest will
do in this context.

This will be more casily understood in the case of commercial
and business motives (o liquidity ¢ the stock of money the traders
and firms hold for commercial and transaction purposes is a short-
term revolving fund, in contrast to the fund for machines and
cquipments purchased by them for investinent purposes which usu-
ally takes long time to take back the whole of itsell.  Liquidity
premium includes the commercial margins which the traders carn
by paying the stock of money to buy commoditics and by taking it
back with margins and profits in the short-run. 'I'hey purchase
commoditics [rom the producers to scll them to the customers in
the short-run, and carn the commercial margins or profits. The
liquidity premium reflects the ratio of such a commercial margin
to the revolving tund of money., They will compare, therefore,
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the liquidity premium with the short-ferm rate of interest when
they consider how much moncy they hold in balance with monctary
claim that bears interest. Here, the more relevant interest is the
simple interest rather than the compound interest in the comparison,

Here enters the factor of inflation,  Suppose inflation is expected
to raisc prices at 6% per year for one or two years ahead.  What
difference happens in the asset-choice between moncey and monetary
claim, as compared with the case when the expected inflation is
4% instcad of 6? Ior simplicity suppose further that the nominal
rate of interest is constant at 8% in both the cases. ‘T'he cffect of
the change in the expected rate of inflation on the choice between
moncy and monctary claim is this: Disregarding the liquidity
benefit and the interest of them, it raises the expected real values
after one or two years, of unit of the present money and of unit
of the present monctary claim by the same percentage, that is, by
29%(=6—-4) per year which is the change in the expected rate of
inflation, Ilence, apart from difference between the liquidity pre-
mium of a marginal unit of money and the nominal rate of interest
of a marginal unit of monctary claim, the difference in stock
value between the two kinds of asset will he unchanged.

Let us denote the liquidity premium by / (%) and the expected
rate of inflation by z¢ (%). Then if the nominal rate of interest
is 7 (%), the real benelits of money and monctary claim after one
year will equal I—a¢ and i—z", respectively. The diflerence equals
{—i, which is independent of x¢. Ience the formulation ol L(i)
independent of ze.

Let us now return to the equation M*=L3{)Y. Since Y=2"y,
inflation implies the expansion of the nominal money demand curve
along the money-axis in proportion to the rate of inflation (I'ig. 10).
But this expansion will be cancelled out by the proportional shift
of the vertical nominal money supply line, which, in our formulation,
is naturally assumed to shift at the inflation rate when the inflation
is a long-run steady one (since Me=MW and W/P is constant in
a steady state.)  Thus, the expansion of the nominal money demand
curve and the shift of the nominal supply line in this case cause no
cflect on the equilibrium nominal rate of interest.  (The comparison
of cquilibria is between two ideally similar economic states which
do not differ except the expected rate of inflation, a thought expe-
riment.)

As long as M is constant and () does not shift, inflation does
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not shift the real LM curve (Fig. 12).  However, inflation shifts the
real IS curve upward, as explained in the next section (Ifig. 12).
Hence the equilibrium levels of the real variables of the system are
affected by a change in a6 The equilibrium rates of real and
nominal purchase of durable good (Xp and D) are raised by infla-
tion, as well as the equilibrium nominal rate of interest is.  As long
as the durable-good demand function does not shift autonomously
in addition 1o its shift caused by the change in ¢, the equilibrium
real rate of interest decreases.,

4. The Aggregate Commodity and Stability of the Inleresi-
Rate Adjustments

All the assumptions in Subsection | ensure that any movements
or changes in X¢, P, Ne. and Ke are proportionally exactly the
same as those in Xp, 5, Np, and K»n. vesp. The initial proportions
of Xe¢, Pc, Ne, and K¢ o Xn, Pp, No, and Kp, resp. are preserved
in the strict sense. T'his is the case both in the short and long-run.

An important corvollary to this result is that we can separate in
the very simple way of multiplication the changes in prices and those
in real quantities.  Onee units of the two commodities are specified
the aggregate commodity can be defined in one of the transparent
ways : the aggregate good may be measured cither in terms of C-
good or D-good. Correspondingly, the general price level becomes
to be measured in terms of money, with the initial level equal to
that of the price of C-good or D-good, respectively,  In either case
the nominal total production ¥ can be written as ’y. Once which
of these two ways of defining the common measure of goods is
determined, the initial values of the aggregate production y and
the general price level P are uniquely determined. The changes
in those aggregate variables are proportional to those of Xp and
Py, respectively.

From Theorem 3 we know that Ne preserves the same pro-
portion to Np, since Xe does so (o Xp and since, by Assumption
4, K¢ preserves the same proportion to Kp,

Since ¥/ Xp is constant, we have y=/41Xp as an identity, and Xp
=Xp(i*—7¢). 'The IS curve is described by those relations. The
LM curve in a simple form can be derived as follows.  The equation
of demand and supply of money is L(D(PeXc+ PnXp)=MW*(N).
In the short-run both the sectors have WH(N)/P;=/,(N,) fulfilled,
so that foe(N)=(P./P)f1(N,). U the unit of goods is determined
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in terms of consumption good, then y=Xe¢-+(Pn/Pc)Xp and P=Pe.
We have, therefore, LG)(Xe+(Po/P) X)) =ML,/ POfo(Ny). Since
Py/P, and X,/X, arc constant, we may write L(i)A4X,=Mf;
(Np), where A, is a positive constant. By putting 7, (X)) =f,(f7'
(Xp)), the LM equation is derived by L()A:Xp=Mhn(Xp) together
with y=AiXp., The IS and LM equations arc depicted in Fig. 11.

We have to distinguish / and /4, that is, the actual and expected
rates of interest, Tt is the expected rate that matters in the demand
for durable good, and the cxpected rate does not necessarily move
always keeping equality to the actual rate. The expected rate may
be rather sticky in some cases in face of a substantial movement
of the actual rate. But it scems that the adaptive expectation
hypothesis as follows is an impeccable assumption as the first
approximation. Namely

fe=ge(i--1), >0, (4)
where #¢ denotes the derivative of ¢ by time 4, as distinct from ¢
which is pertinent only to the temporary equilibrium  flow-price
adjustments.  As remarked in Page 11, the temporary price adjust-
ments is considered to have been finished at every point of time (.

lorrespondingly total real production y is assumed to keep its
relation to # of the form y=AiXp(i¢—7%) at every ¢ in the short-
rumn.

The actual rate of interest, on the other hand, is of course
governed by the market powers in the money market. The actual
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rate is assumed to be adjusted by the transaction-out-of-equilibrium
rule (as for this term, see Arrow and Hahn [1]) as follows.

{=pe (LG AsyCit—70) — Mho(y(ie— 7/ A1), >0,  (5)

where Ai and As=2/1//, are positive constant and () =A1 Xp(+).
[t is assumed to be the demand, that is, L{D)Asy(i¢—37¢), which is
actually held by the public. The supply Min(y/Ay) is regarded
here as the indicative supply of money, which, by influencing the
actual rate of interest, pulls the quantity demanded of money
towards itself.

Snch a system of (4) and (5) ignores a change in the stock
of capital. It is assumed that the adjustments of (4) and (5)
are almost completed in the short-run,
Theorem 5. 'I'he short-run transaction-out-of-cquilibrium adjust-
ment mechanism which consists ol Lqs. (4) and (3) is locally
stable irrespective of the magnitudes of the speeds of adjustiment €
and .
Proof. Let the Jacobian matrix of the functions on the right-hand
sides of Egs, (4) and (5) with respect to ¢ and {, cvaluated at
an equilibrium, be denoted by 7. ‘Then, by the sign conditions of
the clements of 7', it is casily seen that the characteristic polinomial
“of T has all its coeflicients positive.  Since this polinomial is of
order two, it follows, by the well-known theorem (sec c.g. [H]),
that the differential system is locally stable, Q). 1. D,
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Conclusion of Chapler 1
The Two Kinds of the Phillips Relation

The short-run Phillips relation should be clearly distinguished
from the first kind of the Phillips relation. The short-run Phillips
relation is the positive relation between the actual rate of inflation
and employment. Suppose there happens an upward shift of de-
mand curve for durable good. Then the production of D-good, and
hence of C-good, increase.  Since the real wage-rate changes to the
opposite direction to that of the change in production, the rate of
change in the price level exceeds that in the nominal wage-rate.
Hence an upward shift of the demand curve causes an inflationary
pressure to the price level. Similarly for a downward shift. But
the shift of the demand curve for durable good may be caused by
a change in the expectation of the future rate of inflation, or may
be caused by other reasons.

On the other hand, the first kind of the Phillips relation is
related to the expectation of the rate of inflation. T'wo experimental
situations may be imagined : one in which the rate of inflation has
been kept low so that the expected rate of future inflation is low,
and the other in which the rate of inflation has been high so that
the expected rate of future inflation is high, One situated in the
former will find, celteris paribus, a lower cquilibrium level of pro-
ducion than when situated in the latter, because the IS curve is
positioned lower in the former case than in the latter, so that the
intersection point of the IS and LM curves shows a lower level of
cquilibrium production. (I'ig. 12)

The Friedman argument of the “vertical long-run Phillips
curve” in [ 4] can be reexamined in view of the Keynes-type model
developed in this paper. Friedman’s argument does not make the
distinction between the nominal rate of interest entering the liqui-
dity-preference function and the real rate of interest cntering the
durable-good demand function (Mundell, [8]). Money is a substi-
tute for monctary claim (i c., bonds, ctc.) as well as for capital.
Inflation has the tendency to make real capital regarded as more
valuable relative to money and bonds (and other kinds of monctary
claim) than in the case without it. "This tendency of inflation scems
to be underestimated by Fricdman.
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Appendix to Section 1.
The Sign Conditions of the Jucobian Matrix J

The differential system in Section 1 is written in full as follows.

dPp/dr = a1(¢(( Po/Pe)(AE 7))~ fo(2n( W/Pp)))

dPe/de =2 PofoCan(W/Pp)) 4 PefeQQe(W/Pe)))/ Pe)
~feCae(W/ Pe)))

AdW/de=asQo(W/Pp)-1- 2e(W/ Pe)-- NS(W)),

lts Jacobian J=(ay) evalnated at an equilibrium can be calculated
as follows, Iirst,

av=a (=70 /Lot fadn W/ PR),  an=— a(i*—2)¢' (Py/ PY),

an=a,c(fo— W[f.2./Pp),

Uy=— &/ Phy = —ay2o/ P}, a—=y(20,/ Pt 40/ Pe - (_1\’3)')

and an= - a,f 545/ n.
By assumption, - 2e>0, ¢'<0, £;>0, 2;<0, j=C, D, and all other
symbols are positive,  Hence all the above cocflicients aiy fulfil the
sign conditions for a Metzler matrix.  Second, az=a26(¢(Ppfn+ Pe
S/ Pe—fe)/dPe=a2d(8((&/3) Pnfv/ Pc--fc)/8 ¢ which is obviously
negative.  Finally, as for the remaining sign condition for aus, it is
to be seen that the assumption of the theorem that the price clas-
ticity of short-run supply of C-good is greater than or equal to that
of D-good implies that the wage-rate clasticity of short-run supply
of C-good is greater than or equal to that of -good in absolute
value, Mathematically this is an casy consequence of homogencity
of the short-run supply functions with respect to Py and W, On the
other hand, since the Jacobian matrix is evaluated at an equilibrium,
we have (6/8)Pofo/Pe--fe=0. Therelore by the above wage-rate
elasticity condition we have

w3 =a36(S((&/8) Pofo/Pe--fc)) /6 W20,

Thus the sign pattern of the mawix J can be indicated by
— ok - -+ +
4= 0 or R C
R S
The matrix with the former sign pattern is indecomposable and

acyclic as well as that with the latter sign pattern.  In cither case,
the Metzler theorem is  applicable.  Hence the conclusion of
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Theorem 1.
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