CHAPTER V
DEMAND FOR CAPITAL GOODS

1. Definitions. So far as the author knows, no one has yet
published a demand study for capital goods.* Various attempts
have been made to obtain such laws but all attempts have ended in
failure. Ome of the difficulties has been lack of adeguate data, but
there are other fundamental reasons., For example, another im-
portant reason why such studies have been difficult to make is that
a certain fairly long period of time has to elapse before an incen-
tive to demand is consummated in actual demand. The length of
this period of time varies with the particular kind of capital goods
demanded. There is, of course, a time interval for eonsumer goods
also, but it is not nearly so long and by using yvearly data the dif-
ficylty can be surmounted, as will be made apparent at the end of
this chapter. In fact, there are some consumer goods for which the
time interval is very short, a few minutes, an hour, a day, or a
week. For capital goods the time interval is quite long ; for example,
two or three years on the average.

Some economists have attempted to differentiate between vari-
ous kinds of economic goods on the basis of the time required to
consume the product, i.e., the life of the product. Such differentia-
tion into durable’and non-durable goods is inadequate for demand
studies. Another differentiation sometimes made is on the basis of
expected income, i.e., capital goods are goods that are to be used to
produce income. This is a much better definition for studies of de-
mand, but, of course, it should be recognized that no matter what
definition is used there will be some goods that will fall in more
than one class and be difficult to classify. Thus, aceording to
the latter differentiation an automobile used for pleasure would be
a consumer good, whereas the same antomobile used as a taxicab
would be a capital good. Furthermore, some capital goods will be
durable and others will be non-durable,

*R. H. Whitman presented a paper on the demandrfor pig iron before the
Econometric Society in Syracuse in June, 1932, but this has not been published.
The paper uses the method of trend analysis, After elimination of trends the
method is essentially that of determining integral weights K(z,, t), ¢ fixed, for
prices three months in advance of demand by the method of multiple correla-
tion. The correlations are unfortunately far from convineing, since the signs
of terms are theoretically correct oniy three times out of five.

b3
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The price of a capital good (using the income definition)
would, of conrse, depend upon the expected income from the good
and the cost of production of the good. In some instances the ex-
pected income is the most important factor (there are usually
physical factors of at least as much importance as price), whereas
in other instances the price plays a role of some importance. In
the work that follows p will be used to represent either the price
of the good or the expected income. As far as the analysis is con-
cerned, it is unnecessary to differentiate between the two and the
careful reader will be able to differentiate and also to interpret
the resulis in terms of either or both according to the interpreta-
tion which is applicable to the particular problem in hand. Further-
more, even though p be used only in linear relations, it does not fol-
low that the theory applies only to linear demand laws, for if p is
expected income, this might in the case of residential building be
defined to be (R — T)/C where R is rent, T’ is taxes and C is cost
{a price).

2. Demand Incentives and Consummations. In Chapter IIT it
was assumed that demand depended upon past prices and other
quantities and present prices and other quantities. On this assump-
tion an eguation of demand was obtained in the form

@.1) ¥(t) = g(t)+ K(t,)F(p) + f K(5,5)p(z)dz.

It was then assumed that for many products the integral term
eould be replaced by a constant factor, so that the equation of de-
mand became

(2.2) Y(t) =p(¥) + K(t,B)F(p).

No theoretical justification for this assumption was given, but
in Chapters III and IV it was shown that this equation is sufficient-
ly general to apply to the demand for such consumer goods as gaso-
line, pork, wheat and cotton,

~ As a further problem it is now proposed to investigate the
funetion K(z,t). This study of the questions of why demand de-
pends upon past prices and how individuals build up wants or de-
sires throws considerable light on the nature of the funetion K(z,t)
and makes it possible to give theoretical justification to the assump-
tion pointed out above,
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To investigate the nature of K¢z, ) suppose that, at the time
t, < t, a group consisting of ; individuals comes into confact with
an incentive to purchase, p(f;). Suppose further that this group
purchases M, units and decides to purchase a total of N; addition-
al units of the goods as soon as money or credit becomes available to
them. Some iof the group, perhaps, decide not to purchase any
units while others may decide to purchase more than one unit.
Some, perhaps, purchase at the time £; and decide to purchase other
units in the future. The number of units N(#,) that would be pur-
chased per unit time in the future from such deeisions (without in-
hibitions which can be discussed separately) may be assumed to be
proportional to the incentive p(%;) ; that is,

N(t)=ap(t)+ b,

where o and b are constants (or functions of time in the sense ex-
plained in Chapter II},

There will be many factors affecting the length of time re-
quired for individuals to 2ct on an incentive. Some of these factors
will be of the same relative importance, but a few, such as eredit,
will have important special influences. For the many small factors
it can be assumed that the time frequency distribution of those act-
ing on the ineentive will obey the normal law.* \The peak of the
distribution will occur<M units of time after the stimulus or in-
centive; i.e., M units of time after ¢, so- $hat the number reacting
at time £ > #; to the stimulus at % may be taken to be approxi-

mately
1 —{(t—t,—M)?/2 o®
p(tyt) =———e lap(t:) +b] -

VZ2ae

The parameters ¢ and M depend on many economic and psychologi-
cal factors and in the sense already explained may be assumed to
be constants, at least for some periods of time.

The total number reacting at any particular time to all stimuli
prior to ¢, i.e., to stimuli at &, £, &z, -+, iy bisgy oo, bpn = 1, 18

- 4 —(t—t,—M)2/2 02
w(t) =Y ptt) =% 1 o [ap(t:) + b1 »
i=o i~e V270

where i = 0 refers to the first time at which a stimulus or incen-
tive was given. More exactly,

—_—

*Whittaker and Robinson, Caleulus of OQbservations, pp. 168-175,
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4
ap(x) +b —(t—s—M)z/200
p(t) = ———¢€ de
V2ac
—o

where « has been used to designate time #,, ¢, -+, fpr.*

A simple transformation (z—t-+M) /2 0 == § leads to a form
which, in some respects, is more suggestive of lags.

The quantity M, consists of units purchased at ¢ due to impor-
tant factors operating at that particular time. For example, some
buyers coming into eentact with an article for the first {ime might
decide to purchase immediately. An individual in a group G; who
had made his decision to purchase four units at $1,000 each might
purchase five units at $850 each, the latter number being better
suited to his needs. There would also be individuals who had not
quite decided to purchase, but whose desires had been growing ever
since some previous time 1. The amount purchased by this group
would depend upon past prices as well as upon present price, de-
pending less and less on past prices as the time is more and more
remote. Thus, M; might be given by a formula of the type

M, =F[p(t), t1 + f;L(t, z) ¢ T p(z)dx

where M, is used to denote a function of p and ¢, hft) > ¢ and
w, > 0. Here ¢ is used to indicate that there will be present factors
other than price, p(f). A function of the type (%) is included in F.

The demand y (%) now takes the form

@3) () =Finct), {1+ f net e T ) de

—(l——Dd)/2 a2
—}-f splr/ T o (2_1_ b € (te—tly/ dx.
ey VZnmo

As already pointed out, M and s depend on many economic factors,
the effects of any one of which are assumed to be small. For impor-

*Irving Fisher seems to have been the first to use the idea of a distributed
lag. Bee Irving Fisher, “The Business Cycle Largely a Dance of the Dollar,”
Journal of the American Statistical Associgtion, December, 1823, p. 5. For
ﬁilgtilga references see Irving Fisher, Theory of Interest, New York, 1930, pp.
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tant special factors in the past, as, for example, credit in the case
of residential building, corrections ean be made by adding (or sub-
tracting) other integral terms (corresponding to the Gram-Char-
lier method of representing frequencies*) or by using weighting
functions other than the normal probability function (correspond-
ing to the Pearsonian method of representing freguency distribu-
tionst). In the study of residential building presenfed in the next
chapier the first method will be explained and used. A short dis-
cussion of the other alternative is given here.

For definiteness suppose that the factors affecting the periods
of time required for the desires to purchase to materialize into
actual purchases are such that decisions to purchase are trans-
lated into actual purchases according to a Peaxsonian Type III fre-
quency funetion. For this tyvpe of function the amount w»(%, &)
purchased by the group G at the time £ > £; is given by the equa-
tion
(2.4) ot t) = e [f%f ]”,

where 2, the mode of purchases, is proportional to N, v, = A N;
where N is the total number of proposed purchases and y and u are
parameters not involving the time ¢,

The curve (2.4}, (t;, y and u constants) has a zero at ¢;, reaches
a maximum g units of time after #; and then approaches the {-axis
asymptotically., Thus, (2.4) requires an assumption that many of
the group will be able to make their purchases within a relatively
short time (for some products one week, for others a month and
for some perhaps a year) after t,; others will require more and
more time and some will never be able o make their proposed pur-
chases. The parameters y and p quite evidently depend upon mone-
tary and credit conditions, upon the prices of competing or substi-
tute goods and upon various other quantities. For example, con-
vincing advertising of the product presented to the group at the
time ¢; may cause eertain of the group to do without other products
sooner than they would if the advertising were not so alluring.

As pointed out above, 1, is proportional to N ; that is,

~ 4l v
vo=AN,where l=(y u) = we ;T(yu-+1)and I'(y u+1)

*Sae Arne Fisher, Mathemutical Theory of Probebilities, New York, 1930,
PD. 202 et seq.
4See H, L. Reitz, Mathematical Siatistics, Chicago 1927, pp. 54 et seq.
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is the gamma function for (y g 4+ 1).* The number of proposed
purchases N, will certainly be a function of the price p(t:). As a
first approximation suppose that N = a(¢)p(t) - b(t). Then by
the process of summation (integration) already described, the de-
mand y ean be taken to be

-, (t, &

@5 v =F@w.9+ [ ‘net e ™ piayda

+ [ Wa(z)p(z) + blayje T [ (t—x)/n ]""dm .

Formula (2.5) is simply a special case of formula (2.1) of
Chapter II obtained in a slightly different way, Quite obviously
different functions K(#, t) can be obtained by assuming different.
distributions for the consummation of purchases at the time ¢, Thus,
the distribution

v:”0[1+(t“*ti_ﬂl) ]ml l:l+(t“—‘ti-—,uz) ]mz

faé 1 A2

Moy f fhy = Mo/ e

and the same linear lIaw of demand decision would lead to

K(z,t) =zla(x)[ 14 (f— % — )/ }m
[1—(t—x"'—,u2)/ﬂv2 ]%

m,, My ]
WheI‘EJ.I:_(.M___ I'(m, +m. - 2) 1
(g m) ™ T T (me + 1) 1+ o

Different kernels, K(x,t), can also be obtained by assuming
laws of demand decision other than the linear one which has been
assumed here, that is, by replacing 9 by a function of ». There are,
therefore, a variety of forms K(z, t) that are theoretically possible.

s

zz*lsee, for example, D. C. Jones, A First Course in Statistics, London 1921,
P. .




DEMAND FOR CAPITAL GOODS 59

3. Approximutions to Past Effects—Time Lags, It is now pro-
posed to investigate conditions under which the integral terms of
demand equations such as (2.3) and (2.5) can be neglected, or ap-
proximated by other expressions which for some purposes are
simpler. Consider first the expression

t

y b —(t—a—M)2/2a?

Wt):f%e I e
- V2no

Such an expression for » may be mathematically correct, but
it is, nevertheless, impracticable from the points of view of eco-
nomic reality and of statistical analysis, Obviously, observations on
p do not extend in time to t == —w and, furthermore, if the obser-
vations did extend that far in the past all the individuals who had
such early incentives would be dead. In other words it is necessary
to apply certain boundary conditions of the problem.

For this purpose, w can be broken down into an integral from
—w to t—1,, and one from {—%, to £, where £, is a constant suffici-
ent]y large to make the deviation of the first integral from its mean
value over the infinite period of ~—o to t—t, negligible; that is,

3

t—ao—M)2/2 0,2
81)  p(t) = Ao+ Aypo-t f W (w) MRy
_ b1, V2aro,

where 4, and A, are constants (or functions of time in the sense
used in this book) and p, is the normal (average) value of p on the
infinite range — o 10 t — {,.

This is the type of formula required to represent v if it is as-
sumed that once an incentive is offered it will be acted upen some
time in the future, the particular time at which the aetion cccurs
being determined by a great many economic and physical forces,
any one of which has only a small effect.

It is especially inferesting to derive the formula (8.1) since
the method of proof gives important information regarding the
nature of time lags. To transform from the infinite range on which
y is defined to a finite one, write

t
b —(t—x-=M)?/2 02
=f a:o(i:_)Jre( eM)HE
-0 \Zao
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t
b —{t—x—M)2/2 o2
=5 f —m € “ ) dx
-m VEmo

t-1
e \/2 o

t

e  Leip—B )2 2

‘l'f a;?@)e{ x )/hda:.
t_to'\/z:’to

By putting (x + M — ¢)/v/2 ¢ = = in the first and second in-
tegral, v may be written in the form

M/VZo b "
t.v:::f (_\7?;) [ ” dz

oo I

+fa (%) p(V%z+t—M)e_zzdz+F[p]

oa]

where

i
—(t—x—DM )2/2 o2
Fip) =+ () ORI
t—t, V2anao
and
a=(M—1t)/\V26 .

Now, the first integral in v is a constant which may be called
A, In the second integral let p, be the average value of I in the
interval — w <2< (M —t,)/V2 0 and let P, (V2oz+t—M) be
a function such that

p(VBoz4+t—M)=p +p, (VEoz+t—M).

Then by an application of the law of the mean for integrals it fol-
lows that

(4 — e
.WEA9+A1p0+f FPA('\/QOZ—}—t——M) 32 dz—|—F[p]
- T

0
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= A, Ap, o, (—M—i) %‘— f ¢ 424+ Fipl »
. v

where

and 1 is a positive quantity such that +:—M-—1 represents a time
previous to the present time and a is an average value of a. Thus,
pa( t—M—}) represents an average value of past fluctuations in
incentive from an assumed normal value I,.*

In all eases it is possible to find a ¢, such that

a

- a —
p,(t—M—i) — e = dz
\/ i -

is negligible, since the integral can be made as small as desired by
proper choice of t,. It is, therefore, always possible to write

t

aplax —(t——M)2/2 o

w=A+f P , P2 g
t-t, \VZnao

where A is a constant or function of time defined by the equation
A= Ao + A]pO'

If ¢, is a year or less, the effect of the integral term is com-
pletely lost when yearly data are used, since the integral gives a
weighted average of p for the year. Thus, for the consumer goods,
gasoline, wheat, pork and cotton, there is no need to use the infe-
gral term. For these goods a formula of the type

y=g(t) 4+ F[p(t),1]

is sufficiently general.

*J. A. Hohson, Theory of Functions of ¢ Reql Varinble, Vol. 1, page 617.
The theorem referred to here does not apply to an integral with an infinite
range, but the transformation 1/z = y reduces the infinite range to a finite
one, the function p(z) is bounded for all values of z and (e-1/V)/y® is also
bounded on the transformed finite range. The law of the mean referred to
here can thus be applied to the transformed integral and then a transforma-
tion can be made back to z.
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When {, is greater than a year and yearly data are used, the
law of the mean can be applied to the integral term, In this case
the demand is given by an equation of the form

y(t) =o@(t) + Fip(t), t] -+ F.[p(t—#), t],
or by further averaging by a formula of the type

y(t) =o(t) + pip(t—d), t].

This is an equation involving a fixed average time lag, In statis-
tical work of a preliminary nature results are more likely to be
obtained by the use of a fixed average lag than by the use of an in-
tegrsal lag, After such a preliminary study a formula involving dis-
tributed lag can be obtained. Methodology for accomplishing this
is given in Appendix V.

4. Price Forecasting and Speculation. An analysis similar to
the preceding can be used to determine the form a demand law .
should take when speculation is taken into account. Speculative
demand depends upon future prices, {price used here in the general
sense explained in Section 1) so that demand for goods that lend
themselves to speculation depends upon past prices, present price
and expected future prices; that is, the amount demanded at the
time ¢ is
y() =fIp(t), -, p(tJp(t, )e-s p(t, ), tp, --.p,1,
where £, stands for time ¢ when purchases are made and p(t..),
ap(t | ) are expected future prices. The analysis already devel-
oped shows that, for hypotheses similar to those made for obtain-

ing equation (3.1) of Chapter II, this expression can be replaced
by an integral,

Y =p(t)+ (" K(z to(e)d ,

Jt-t,

where T =1 o More generally, since special weight may be at-
tached to the present price p(#),

vt —ot) - [T Kz t)px)dz - a(t)nct).
t-t,



DEMAND FOR CAPITAL GOODS 62

This expression can be written as

(1) 9(t) =g(t) +atpt) + [ K(ztps)de

t—t,
+ | Tz, () de,

where for purposes of clarity K¢z, t) for & > t has been named
(2, t). The first three terms of (4.1) can be taken to be the same
as the expression (3.1) of Chapter II. Thus '

T
S = [ iz, Up(a)de
ol
represents demand due to speculation.

Long range economic forecasting has never been consistently
successful. In fact, in view of a recent study by Alfred Cowles, IIT*
of the frequency of successes of stock forecasting houses, it is some-
what doubtful that any great measure of success, perhaps only sue-
cess that might be expected by chance, can, at present, be obtained
for even short time forecasting of such things as security price
changes. There are, of eourse, other phenomena for which there is
some hope of short time forecasting.

Many individuals seem to be engaged in the science (or guess-
ing game) of attempting to predict what will happen to prices the
next minute, the next hour, the next day, or the next week. An im-
portant gpeculative problem is, therefore, the one for which
T' =1 4 1. For this problem the extrapolation curve for p{x) may
be most conveniently taken as a straight line

p(x) =p(t) + (x=—t)dp/dt , = > ¢,

where dp/di is the derivative of price with respect to time; that is,
dp/dt is the slope of the price-time eurve at the time . The assump-
tion made here is that estimates of future quantities are based on
present evidence, A substitution of the above value of »{x) in
S yields

s= [ W tw@an= [ vte,t) o) + (e—t)dp/at)ia.

t

*Alfred Cowles, III, “Can Stock Market Forecasters Forecast?”, Econo-
metrica, Vol. I, 1933, pp. 309-324.
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An application of the first law of the mean for integrals* fol-
lowed by an integration gives

s=pt+0,0 [ ) + (o —Dapjailaz

=w(t+9, 1) [p(t) + Yadp/dt] , 0<d <L

It foilows that equation (7) can be replaced by the simpler
form

(42) () =e(t) +A()p (t)+ H(t)dp/dt

+ (1 Ktz vp(ede
t-t,

where A(t) = a,(t) + yp(t -8, t) and H(t) = (it +0,¢)/2

It will be recalled that the integral equation (4.2), or rather
the equation for which the lower limit ¢ — 1, is fixed, is invertible,
so that it is possible to talk about forecasting either prices or eon-
sumption without stopping to reformulate the problem.

In general, when prices are rising and there is reason to be-
lieve that they will continue to rise, speculative demand is positive.
When prices are falling and there is reason to believe that they
will continue fo fall, speculative demand is negative; that is, there
is a tendency to dump. To satisfy the above conditions H(t) must
be a positive function,

Many times prices rise for a period, drop back slightly, rise a
bit and again drop back to the preceding recession level., In such
instances there is uncertainty regarding trends, that is, there is
uncertainty whether prices will rise or fall. In such instances some
speculative fraders sell to avoid losses or sell short expecting to
buy back at lower prices, some traders buy in the expectation of
gain and some simply stay out of the market. This situation is
characterized by the fact that dp/df = 0; that is, demand is neither
increased nor decreased by speculation.

The introduction of a derivative of price into the demand equa-
tion marks one of the important contributions of mathematics to
economics in the past decade. This is due to G. C. Evans, who in
1925 proposed a demand equation ¥(t) = a p(t) + b -+ h dp/dt,

*E. W. Hobson, Theory of Funetions of ¢ Real Variable, Cambridge, 192‘7,
Vol. 1, p. 617, Continuity of ¥(=z, t) in x for all ¢ is assumed,
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where a, b and k are constants, in order to approximate the phe-
nomenon that “when prices are going up the demand (for umber)
is insatiable, but when prices are going down it is nil until the
price movement stops.”* Although it is possible that the rise in
price of lumber mentioned by Evans was brought about by an ex-
pected increase in price, it is probable that the price of lumber in-
creases because of a rising demand brought about by other factors
(see the study on residential building in the next chapter). Never-
theless, there is probably some speculative influence at work on
lumber and there are certainly such forces at work on other prod-
uets.

One difficulty about forecasting security prices is that there is
always the possibility of introducing a new element that has not
previously been taken into account. In general, security prices are
determined by so many causes that series of security prices appear
to be random series, but the series are, of course, subject to special
factors, such as abandonment of gold, favorable Government pro-
nouncements, etc.

There are some consumer goods for which it is possible to fore-
cast demand and prices two or three months in the future. As will
be geen in the subseguent chapter, it is now possible to forecast
residential construction for a year or so in advance of the present
time with the probability of a reasonable degree of accuracy.

5. Demand for Competing Products, It will be recalled that
in Section 2 the prices p,, .-+, P of m goods competing with the
goods whose price is p were assumed fo be constant with respect to
time. Since the theory just developed is a dynamic one, that is,
one in which forees are allowed to modify situations as time pro-
gresses and hence one in which the time element plays an important
role but not necessarily per se, it was unnecessary to carry these
parameters along in the equations. It should be remembered now,
however, that, in accordance with the hypotheses made in Section
2, each of the guantities ¢, A, H and K depends upon the prices of
competing goods. For example, suppose that in a study of the re-
lation of the demand for pig iron to the price of pig iron the co-

*(. C. Evans, “The Dynamiecs of Monoply,” Awmer. Math. Monthly, Vol.
XXXI1, February, 1924, p. 77. See also Evans, Mathematical Introduction to
Eeonomics, New York, 1930. For the first use of an integral eguation of de-
mand, see C. F. Roos, “A Mathematical Theory of Competition,” Amer. Jour.
of Math., Vol. 47, 1925, p. 173. See also, C. F. Roos, “Theoretical Studies of
Demand,” Eeconometrica, Vol. 2, 1934, pp. 73-90.
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efficient A(t) is determined statistically as a number a. This num-
ber a on further analysis will be found to be made up of prices of
competing goods such as copper, aluminum, lumber and so forth.
Thus a might be defined by a formula such as e = a p, - ¢ 2.
-+ 1 p:;, where a, ¢ and ! are constants and p., p. and p; are the
prices of aluminum, copper and lumber respectively.* More general-
Iy @, ¢ and I may be assumed to vary with the time ¢ so that g will be
a function of time. Thus as far as the whole of the preceding analy-
sis is concerned, the quantities ¢, A, H and K may be considered to
be functions of present prices of competing or substitute goods and
the time ¢t either implicitly, as already explained, or explicitly, since
Tor seasonal goods ¢ and possibly other quantities may contain pe-
riodiec functions of the time as, for example, cosines and sines.

The statements made above in regard to changes in ¢, 4, H and
K with respect to time do not mean, however, that the quantities
are so continuously changing that statistical laws of demand can-
not be determined. On the contrary, as indicated previcusly, due to
compensation of prices of competing goods, these quantities may
remain fairly eonstant for periods of time that may be much in ex-
cess of five'years for some commodities. In the example considered
above, it might be possible for the price of aluminum to increase,
the prices of copper and lumber to decrease and yet ¢ might remain
constantly equal to some given value, but such 2 situation would
probably not prevail for long, especially if there were noticeable
price movements. The question of what must be regarded as “long”
may, of course, be answered differently for'each product.

Ifthe prices?:‘(ti); j=1’ 2: R (2 i=0! e, R t0=0’
t, — %, are not assumed to be all equal to p;(t) respectively, the
theory of demand becomes much more complicated, but, neverthe-
less, it can be readily formulated in terms of systems of integral
equations or functional equations. Thus, the simplest case of the
non-speculative problem leads to a system of m - 1 integral equa-~
tions,

a4l

Yy == Z [*P)w(t)pj(t) —I_ f}fkj(x, t)p](x)dx :I , b= 1,.. . ’m+ 1.

i=%

There is in general no difficulty in inverting this system of
Volterra infegral equations to determine the p;(t) in terms of the

*For a statistieal study of the effects of prices of competing goods, see
Mordecai Ezekiel, “Statistical Examination of Factors Related to Lamb
Prices,” Journal of Political Economy, Vol, 35, April, 1927, p. 254,
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9y * In Tact, entirely similar equations result with the y, replacing
the p, and resolvent kernels replacing the Ki;. When derivatives
are introduced and a more general functional relation is assumed, a
system of m 4 1 functional-differential equations are obtained.t

6. The Elasticity of Demand. For a great while economists
have been classifying demand as elastic or imelastic depending
upon whether the value of the good demanded increased-or decreas-
ed with & fall in price and vice versa. In 1838 Augustin Cournot pro-
posed to separate articles into two categories depending upon
whether (Ay/Ap)p/y is less than or greater than one. Alfred Mar-
shall defined the quantity (dy/dp)/(p/y) to be the coefficient of
elasticity of demand. He and H. L. Moore popularized the concept
and Moore applied the concept extensively to agricultural data and
used it to obtain various laws of demand.§

Whenever the coefficient of elasticity of demand is numerically
greater than one, the demand is said to be elastic. Whenever it is
numerically less than one, the demand is inelastic and if it is num-
erically equal fo one, the demand is neither elastic nor inelastic.

For equatlon (4.2) the elasticity of demand is simply
AWp(t) /y. For a functional demand equation of this type a func-
tional coefficient of elasticity of demand might be more useful.

1et dy 'be the variation of y corresponding to a variation, dp,
in p in the sense of the calculus of variations, Then, the functional
coefficient of elasticity of demand may be defined to be (dy/dp)p/y.
Thus for (4.2) with H =0, the variation in y would be given by

t
Sy = f K(x, t) édpdx 4 A(t)6p. In particular, if each price of the

goods from the time 0 to ¢ were increased by a constant amount
&p, the functional coefficient of elasticity of demand would be

UBK@% ff)dx+A(*»)] P(8)/U(E)

If H were not zero, there would be added a term Hd(dp)/dt to dy.

*Vito Volterra, loc. ¢it., pp. 71-74.
4C. F. Roos, “A Dynamical Theory of Eeonomics,” Journal of Political
Eeonomy, Vol. XXXV, 1927, pp. 648-650,

I See, for example, Alfred Marshall, Principles of Economics, London,
1920, H. L. Moore, Synthétic Economics, New York, 1980, and Augustin Cour-
not, loc. cit.,, pp. 52-b4
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It is important to notice that no attempt has been made to
.determine why a demand decision curve should take the form pos-
tulated, or why the number making a demand decision should de-
pend upon the price, or why N or M, should take any of the forms
postulated. It would, of course, be possible to pursue these questions
as far as one liked by analyzing human behavior, utility and so
forth, but these studies properly belong to the sciences of psychol-
ogy and sociology rather than to economics.

The size of a market can be increased by advertising, This
could be taken into account by postulating that the number intro-
duced to a product at a certain time depends upon the advertising
expenditures. It would then be possible to determine how demand
varies with advertising,

Again, if the product is one for which there will be a repeat
demand, the number of prospective purchases will certainly depend
upon the life of the product. Thus, one could study the effects of
obsolescence, risk of damage, seasonal changes and so forth, Alse,
the parameters of the functions K(zx, i), ¢(t), ete., depend upon
such things as monetary conditions, the psychology of the buying
public and so forth. However, all these factors deserve consideration
in their own right and eannot be adequately treated here. It may be
hoped that it will be possible to push the analysis of demand fur-
ther and further back to fundamental conceptions of behavior, but
it must not be forgotten that empirical formulae will have to be
introduced at some stage.

One might say that the theory of demand has progressed to
a point where it is questionable that further thesretical work should
be done until many statistical studies have bean made to verify or
disprove the hypotheses and conclusions s6 far reached- The sta-
tistical investigation is, in itself, a tremendous task. A new type of
mathematical statistician is undoubtedly required to make the
studies. Nevertheless, as has been indicated in Chapters IIT and IV
and will be demonstrated in the next chapter, there are reasons to
be optimistic regarding the possibilities of the discovery of statisti-
cal laws of demand both for consumer goods and for capital goods.



