Technical Change in Notthern Ireland Manufacturing
1950—1968

A. McCULLOUGH!

Northern Ireland Manufacturing. In certain cases the results obtained are
compared with those for other economies.

The subject dealt with is one of obvious importance as technical change has,
and continues to play, a major role in the modern economy. This was highlighted
in an early paper by Solow [12] whereby go per cent of the improvement in
output per man-hour in the US 190949 was attributed to technical change.

Section I of the study measures the extent of technical change. Sections II and III
then measure disembodied and embodied technical change respectively. Finally,
the estimated production functions are used to predict investment ratios required
to sustain various rates of output growth.

Tms paper measures the extent and nature of technological change in

I

Professor Solow [12] has devised a method by which technical progress may
be measured under the following assumptions.

1 (a) Technical progress is Hicks—neutral.
(b) Technical progress is completely of the disembodied type, the main

occurrences being through increases in managerial or organisational
efficiency. ‘ '

1. The results quoted here form part of the author’s M.Sc. research dissertation presented to the
New University of Ulster, 1972. (see McCullough [10]). I wish to thank Professor J. E. Spencer
and Mr J. C. Glass for their comments and help. I alone am responsible for any errors or defects
in this paper.
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2 (4) Factors of production are paid their marginal products and

' : _ i
(b) there are constant returns to scale.

Y

By assumption 1, the production function may be written in standard ‘notation
as, ' i

Q = A()F(K,L) (r.1)

The proportional rate of change of output is

Q A ASF-K A%F-L T (1.2)

QAT QT -0

This equation can be% further refined to yield the discrete equation?

4k (r.3)

where q—Q k— = and is the share of output going to capital. Thus with data

on these thrce magmtudes (1.3) pe‘rmits the computation of the technical change

index éA— The values ‘of this index are shown in column eight of Table 1. In the

table output Q, is taken as net output at constant pnces 3 WlthA(Igso)— 1, column
nine is found usmg -

A1) = [+ A(t)] ;. " . _1-,

The effects of techmcal change on output are eliminated by dividing output in
1968 by A(1968).

£0°486 L
1582?’(’ 37

" Without techmcal change output per man-hour increased by Lo 081. Howcver

the total iricrease over the penod was £,0°260, thercfore —.?2—0 X 100 = 31°I§ is the
02

percentage of output per man-hour due to the increased use of factors of pro-
- £ L

2. The derivation of (I 3) is shown in the appenduc
3. For further dlSCllSSlOl’l of the data used throughout this paper sce the appendix. -



TECHNICAL CHANGE IN NORTHERN IRELAND MANUFACTURING 183

duction. In other words 68-85 per cent of the increased output was due to technical
change. The geometric average rate of increase of technical change was 2+60 per
cent. Solow found that almost 9o per cent of the increase in output in the US
economy 1909—49, could be attributed to technical change, the geometric average
rate being 1°6 per cent. A similar result was found by B. F. Massell [g9] in US
manufacturmg

m

In this section technical change is viewed as another factor of production being
estimated within a specific production function. The function used is Cobb-
Douglas. That is

Q = AeK<L? S )

where A is the rate of disembodied technical progress, a and B being the elasticities
of output with respect to capital® and labour. The structural parameters of (2.1)
are estimated in log. form.

Empirical Results

In each regression all the structural parameters with the exception of A4, the
efficiency parameter, ate significant at the-five per cent level. Of course the
magnitude of A is of little interest since its value will depend on the units of
measurement. The results depended on the rate of depreciation, 8, assumed in
the generation of the capltal stock as explained in the appendlx and were as
follows: t-ratios are given in brackets.

(d =003

Ln Q = 1-732+00217t+0-418L.nK+0:358LnL
- (1°313) (6'755) (6°386) (3-682)

R2=o-;95 3 DW=2-126
(b) d=o0r04

Ln Q =: 1:942+00257t+0'370LnK+0-387LnL
(1:489) (9:928). (6406)  (4-021)

R2=o-9953 DW=2'142

4. This result is now viewed with scepticism, see Knox-Lovell [8].
5. The capital variable is adjusted for the percentage utilisation using the percentage of the
labour force employed.
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The choice of the deprecmtlon rate does not markedly affect the statistical
qualities of the regressmn For theoretical justification of this see Carlson [2].
Confidence intervals, when constructed for the estimates of A, overlap sub-
stantially and for the analysis below it matters little which estimate is used. With
these points in mind the depreciation rate is henceforth held constant at the
arbitrary but plausible rate of four per cent.

On constructing a 95 per cent confidence interval for the sum of the partial
clasticities of the latter rcgressmn this was found to be,

0°540 < (a+‘ﬁ) < 0974

which suggests that manufacturmg operated, over the period, under decreasing
returns to scale. ;

For purposes of companson with other sections of this paper, constant returns
was imposed on (2.1).. The following equatlon resulted.

Ln (Q) = 310940 oz39t-+-o 4225Ln(K) (2.2)
! (19- 156) (8:486) (6:963)
R2;=-9942 DW=2472

where all parameters are again significant. 'As would be expected the estimate of A
has diminished while that of o has risen. '

In Section I the average annual rate of technical progress was 2:60 per cent
from equation (2.2) the iestimate is 2+39 per cent. The difference in the two values
may arise from the different treatment given to technical change and the
different method of estimation® The crude method treats technical progress as
a residual after calculating the increase in output due to increased factor use. In
the calculation the actual values of output, capital, labour and the share of income
going to capital each year are used.

On the other hand, the second method treats techmcal change as another factor
of production in the aggregate production function. The estimate, A, arises from
the fitting of the regression plane to the data on output, capital, labour and time.

11

Disembodied progress (mainly increases in the efficiency of management and
organisation) does not, Tequire gross investment. In this section we measure
embodled technical progress which stresses the role of gross 1nvcstment7 The

6. Results from Amerlcan esearch also shows the divergence. See Solow’s original paper and
the article by Intriligator [6] However Dennison [3] shows that Intriligator’s labour input is
suspect..

7. The original statement of the Embodied Hypothesxs appears in 1 Solow [13].



TaBie 1: The Calculation of A(t)

Percentage Capital Employed Share o, GNP Employed :
Year Labour Force Stock Capital Property per Capital per 44 At
Employed L’oo0 Stock in Income man-hour man-hour A

(i) (i) (i) (iv) ) (vi) (vid) (viti (ix)
1950 063 204,890 197,317°7 419 +226 449 —+006 1°000
St 969 205,701 199,3243 *421 *223 441 -089 *994
52 86-2 205,278 176,949°6 *339 246 *460 ‘024 1083
3 94°3 205,415 193,706°4 -*367 *252 *460 —-+006 1109
54 957 206,413 197,537°2 379 ‘247 443 045 I-102
55 94°5 208,455 196,990°0 371 *259 447 ‘032 152
56 959 211,202 202,629'0 *368 260 *4$$ —029 1°189
57 94°7 221,793 210,038-0 *368 *265 473 *072 I'154
58 90°$ 235,159 212,8189 380 206 *$20 *006 1-238
59 94°5 250,292 236,525°9 *387 *301 *544 030 1245,
1960 964 260,156 2§0,790°4 385 ‘312 ‘554 076 1°282
61 937 268,116 251,224'7 403 347 *6o4 —017 1°380
62 040 282,002 266,012°5 41§ *351 645§ ‘019 1°356
63 94'1 290,031 281,3882 *463 *368 686 ‘053 1°382
64 956 320,123 306,037°6 *471 *389 719 022 1°455
65 96°5 345,404 333,314°9 *460 *409 *765 —-008 1°487
66 967 367,669 355,535°9 *461 422 *831 *050 1°475
67 936 386,411 361,680°7 *468 *453 *873 *021 1°549
411,842 391,661°7 466 486 *970 1582

68 951

Col. (iv)=Col. (iii) X Col. {ii).
Col. (viii) = 4(vi) —(v) 4 (vii)

(V).

(vi)

Col. (v) See text.
Col. (ix) See text.
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assumption is that techmcal change is embodied in new capital equipment whlch
after installation, Ceases to benefit from any new embodied tcchmcal change8 It
thus becomes necessary to introduce the notion of “vintages” of capital, where
new. capital is better (more productive) than older capital.

The embodied technical change model used here involves the assumption that
for each vintage of capltal there is a production function of the Cobb-Douglas

type, namely

. Pu(t)= Ae""Kv(t)"Lv(t)’ - (31)
with £=v, @, >0 '

anda + BZ'I .

In his original arucle Solow assumes constant returns to scale. Dy(¢) represents
output at time ¢, produced with capltal of vintage v; Kv(f) is the amount of
capital of vintage v, remaining at time t; Lv(¢) is the amount of labour employed
on capital of vintage v, at time ¢ and Ae™ is an index of embodied technical
progress. The coristant rate of embodied technical progress is represented by y. On
making assumptions about the labour market and how capital depreciates it can
be shown that aggregate output P(t), which is found by integrating (3.1) over all
vintages of capital is glvcn by® ;

P() = ALEYTO - (5

that is, the aggregate f funcuon is also Cobb-Douglas. The quantlty J() is the
“effective capital stock’ existing at time ¢, with

$

¢6l - (_—‘( "6

vj‘(t):eﬁ 1 I(Vﬂ I BI I)v d

v (33)
where I represents investment. Thus effective capital stock is made up of all past
investments weighted for embodied techmcal progress and adjusted for depre-
ciation. ‘

Equation (3.1) imposes no restriction on the degrees of returns to scale to be
shown by the productlon function. Contrary to this, equation (3.2) states explicitly
that the aggregate embodled model requires that there be constant returns to
scale.10 {

In effect the productlon function (3.2) shows the potential (mammum) output
attainable at any time. Potential output is that obtained using the full employment
values of J and L. In what follows, J and L will always represent the full employ-
ment values of eEectlve capital stock and Jabour.

8. The Labour input may also be improved, see Intriligator [6].

9. For the method of derivation see Brown [1].

10. This apparent paradox was first pointed out by F. M. Westfield [14]. The explanation is
rooted in the difficult problem of obtaining a capltal aggregate. See Fisher [4].

»
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Actual output Q(¢) has deviated from potential output through the available
amounts of the inputs not being fully utilised. Thus the series on potential output
is scaled down by the unemployment rate U to obtain Q(t). As well as the inclusion
of the unemployment rate, a term was introduced to include the effects of dis-
embodied technical progress. Ignormg the error term, the equation to be
estimated 1511

Q = gb+eu eatij—n I°? (3‘4)
This can be estimated in the form
Ln(g) = [b+LnA]+ At cu+(1 —B)Ln(,_’) (3-5)
L L

From (3.4), actual output will equal potential output when the unemployment
function is unity, that is when e ***=1 or b= —cu. Thus b may be found using
the estimate of ¢ and the “full employment” value of u. This latter value may be
found by a method similar to that used to calculate the Wharton School Capacity
Index.12

Here the value of u is found to be 4-4 per cent.

To estimate (3.5) an effective capital stock series was constructed using the
equation!®

t
JO = SatuyN (o)1)
which appears in Solow [11], whete u represents the rate of capital augmentation
and is related to vy, the actual shift of the vintage production function by the

Y

expression pu= .5 and where N(t—v) is the amount of investment made in
year v, surviving in year (t—v).

The results obtained on estimating (3.5) are shown in Table 2. It is evident that’
all the regressions are statistically acceptable on the usual criteria. When both
types of change are present the regressions have high R2, low standard errors and
the hypothesis of first order serial correlation of the residuals is rejected. However,
when disembodied technical change is excluded, all these statistical qualities
deteriorate, in particular there is evidence of severe autocorrelation of the errors.
This result suggests that embodied technical change cannot be considered on its
own!* The regression using only disembodied change, is however, slightly
better statistically than those using both types of change, even though ‘the Tatter
may be theoretically more satisfying.

11. Quadratic and cubic unemployment functions were also tested and rejected.

12.- For an outline of this method see Klein and Peston [7].

13. The derivation of this equation together with a discussion of the other data used appears in
the appendix.

14. The same result was found for the US see Intriligator [6]. See also Dennison’s criticism {3].



TABLE 2: Embodied Technical Model. 5=o0-04

Rate of “Rate of ‘Elasticity Standard S
Capital b ¢ Disembodied 4 of output Ftest D.W. Re Errorof ~ ——
 Avugmentation ..o e Change— s e e e e e By RO
K 4 -g
o 033$ —7610* 024 7% 202 4120% 1099°72 2206 9955 0183 ‘0150,
(4-347) (9°336) (7275)
002 *0317 —7204* *0240% *276 +3389* 105582 221§ ‘0953 0187 ‘0154
: (4-039) (8-570) (7°087) e
_ 002  _ ._"0374.. ..—8500 — - e 423 - - 7318% - 270°8% Y447 9732 *0439 *0360
(2-035) (22°924)
0°03 0310 —7043% -0238% *260 *3095%* 1036°30 2°2I0 ‘0952 0189 *0I5S
(3-914) (8-296) (7-002)
003 0357  —8117* _
{1°976) *399 -6615%* 290°1T 459 ‘9732 ‘0432 ‘0355
(23-341) o
004 10304 —+6900* *0236% 264 *2843%* 101817 20221 *90SI 0190 0156
(3-802) (8-055) (6°922) ‘
004 0343  —778s 380 "6022%* 20942 473 9740 0425 0349
(1°923) (23°712)

MITATE TVIDO0S dNV DIWONODI

*Denotes significance at the' s per cent level.

881
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As the rate of capital augmentation increases, the point estimates of A decrease.
However, confidence intervals, when constructed, overlap substantially so that
all the estimates of disembodied change may be statistically indistinguishable.

The rates of embodied progress are tabulated below together with the total
rates of technical change (y+A).

Iz 14 y+A
002 0-6778 per cent 3-0778 per cent
0°03 09285 per cent 3-3085 per cent
004 I-1372 per cent 3°4972 per cent

The regressions, however, offer no help in choosing between these values. The
value =003 has been arbitrarily chosen as that to be used; the production
function therefore shows a total rate of technical change (disembodied and
embodied) of 3-31 per cent. Intriligator [6], quotes a total rate of technical change
for the US of 5:67 per cent, but some doubt has arisen over this estimate and
Catlson [2] has revised it to one of 2-2 per cent.1®

The most remarkable result from all the regressions is the consistency of the
rate of disembodied technical progress. It can be concluded that output will
increase each year by approximately 2-4 per cent to 2+5 per cent due to the effects
of disembodied technical progress.

Returns to Scale

It is now proposed to relax the assumption of constant returns to scale and
compare the relative performances of both the embodied and disembodied
models when operating under the conditions of non-constant returns to scale.

A problem arises in fitting the embodied model with non-constant returns
for it has been shown that the sum of the exponents on the capital and labour
inputs must always sum to unity; see equation (3.2). However, the returns to
scale question can be dealt with in the construction of the effective capital stock
series. J(f), in any period is given by

¢6f —e 5

JO = g 1 T, g (3.3)

This can again be approximated by a discrete equation,'® where I(v) is raised
to the power of (—a/B—1) while & is multiplied by (at/8—1).

In order to facilitate the construction of J(f) it is assumed that §=0-04 and
u=003, but there remains the problem of giving values to o and B. From the

15. The doubt centres on whether Intriligator has quoted y, the rate of embodied progress or

=7
“\=1

16. See appendix IL
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work on estimating the disembodied model returns were estimated to be 0757

with a=+370 and B=-387. The weighting factor associated with these and other

arbitrarily chosen values of a and 8 are shown in Table 3.
- . i 1

TABLE 3
: , Weighting Factor
Returns to ‘ a B —a

Scale , o B—1
o757 | 0370 0387 0604
1050 0°500 y 0°550 1111
I'100 0500 0600 1250
1-200 i 0°500 ‘ 0700 1-666

While it is recogmsed that thisis a very small sample of the infinite population
of pairs of values which could be chosen, the purpose is merely to illustrate how
the regressions are likely to behave as returns vary from decreasing to increasing
returns to scale. Effective capital stock series were generated using the above
assumptions and used to re-cstimate equatlon (3-5); the results are shown in
Table 4.

Although all the regressmns are acceptable statistically, there is a slight deteriora-
tion as returns increase. The standard error of the estimate increases, and R2
decreases as the weighting factor given to investment increases. In addition, at
higher levels of the weighting factor the DW statistic indicates the presence of
positive autocorrelationjof the errors in the estimating equation.

The steady decrease in the “capital” elasticity of output is only to be expected
since the higher wexghtmg factors lead to faster rates of growth of the cap1tal
input.

Disembodied techmcal progress assumes less importance as returns increase
until, with returns of 1-2, it finally becomes insignificant.

It cannot be overemphamsed that the results obtained are heavily dependent

on the high exponent given to the investment term when returns are greater than
unity. However, it can be .proved that for reasonable values of o and )3—0<a '
B<1—this factor will be sgreater than unity (less than unity) for increasing
(decreasing) returns and iwill increase (decrease) as the degree of returns increases
(decreases).1? ‘

The best regression statistically is that with returns to scale of 0-757, where
A=3-15 per cent while y=1-86 per cent giving a total rate of technical change
(A+y) of s-o1 per cent; The productlon function is :

17. The proof of this is givéen in appendix III.
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| Q = 0341 089~ B0V (015 [0.62 038 (3.6)
H !

This is to be compared with the function previously estimated using only
disembodied technical change and specifying returns of 0-757.

Q= 697 e.gzs;: KO-370 10-387 (3.7)

which yields a rate o:f disembodied pro:gress of only 2-57 per cent. Of these two
equations, (3.6) is statistically slightly better than (3.7), having higher R? and
lower standard error. of estimate. '

1

Y
i 1
In this section the previously estimated production functions are used to
calculate the amounts of investment required to produce various rates of growth
of potential output. | S
At statistical “full employment” (U=4-4 per cent), all the functions of Section III
give measures of poténtial output, that is

‘ P=e* A" L ' (4.1)-

Differentiating (4.1) with respect to time and expressing each quantity in per-
centage form gives: Lo

p=A+(—p)j+pl (4-2)

Equation (4.2) states that the rate of growth of potential output is comprised of
the rates of growth of labour and the capital input and of A, the degree of dis-
embodied technical change. By specifying the values of p and I, the third variable
J» can be calculated uniquely given A.

Tables s and 6 show the percentage of 1968 net output which must be invested
to sustain five possible values of p given two assumptions about .

According to chapter 2, paragraph 20 of the 1964 economic plan for Northern
Ireland [s], the government should set'a target of creating an average of 6,000
new jobs a year in manufacturing. Provided the hours worked per week remain
constant, this impliesian incréase of 323 per cent in the labour input. Unfor-
tunately, paragraph 2.1 of [11] states that in the six years before the plan, an
average of only 3,000 new jobs were created implying a take of growth of L
of 1-62 per cent. . | e

When potential output grows at 3 per cent, only the disembodied model
gives a sensible result using the faster growth of labour. The alternative models
show that for even a low improvement factor, gross investment has to be negative
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to attain 3 per cent growth in potential output. At growth rates above this all
investment requirements are positive and decrease as the total rate of technical
change increases. ,

The same pattern emerges when the slower labour growth rate is used. This
time, however, all functions yield positive investment requirements for 3 per
cent growth. ' o

TaBLE 5: Investment Requirements

(rate of growth of L = 3-23 per cent)

Total

) rate of

3 percent 4 per cent 5 per cent 6 per cent 7 per cent technical

Model change
» Disembodied 2°10 710 12°10 17°08 2208 0239
Embodied (i = -02) — 88 4°31 9°49 14°68 1985 . -0308
Embodied (1 = -03) —1'94 331 856 1381 1907 0331
Embodied (i = +04) —3:07 232 770 13°09 1850 <0350

TABLE 6: Investment Requirements
(rate of growth of L = 1-62 per cent)

Total

rate of

. gpercent 4percent 5percent 6 percent 7 percent technical

Model change
Disembodied ' 675 1175 1675 2175 2675 *0239
Embodied (p. = '-oz) 4°60 9+80 14°99 20°17 2537 *0308
Embod%ed (n ="03) 389 9'14 1438 19°64 2490 *0331
Embodied (u = -04) 318 857 1395 19'34 24'75 *0350

Conclusions

(a) All the Cobb-Douglas functions used describe adequately the behaviour of
the manufacturing sector, 1950-68.

(b) Technical change has played a major role in increasing the output of the
sector. It has been found, using Solow’s residual method, that as much as 69 per
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cent of the increase imay be caused by technical change with technical progress
proceeding at a geometric mean rate' of 2:6 per cent. During the same period
output grew at the igeometric mean rate of 39 per cent, capital at 4-0 per cent
while employment actually contracted at the geometric mean rate of 0°39 per cent.

(c) The rate of disembodied technical change is remarkably stable throughout
all the regressions performed—approximately 2-4 per cent.

(d) It has been shown that y, the rate of embodied technical change depends
on the choice of the rate of capital augmentation . Here v was found to increase
from 068 per cent to 114 per cent as u rose from 2 per cent to 4 per cent. Thus
the total rate of technical change (embodled plus disembodied) may be expected

to be of the order of 3°33 per cent. !

(e) The final section of the paper highlights the contribution of the growth in
employment to the rate of growth of potential output after technical change has
been taken into account. For example, if a modest output growth target of 4 per
cent is set, then the model exhibiting the lowest total rate of technical change,
(2+39 per cent), shows that a doubling of the employment growth rate (from
16 per cent to 3-2 per cent) decreases the investment requirements by 40 per cent.

However, on using the model which indicates the highest total rate of technical
change, (35 per cent), a doubling of the employment growth rate decreases by
75 per cent the investment needed to attain 4 per cent growth in output.

Northern Ireland Polytechmc i
Newtownabbey ‘.
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Appendix
L. Solow’s 1957 Method
Q= A() F(K, L) (1)

therefore the proportional rate of change of Qis:

Q_A, ,0FK FL (r.1)
Q- at KT @
with Q = éd% etc.
_9QK _Q L : ieal
Now Sg = e and S; = iL O where Sy and S, are the shares of capita
and labour, with Sg+S; = 1. Substitution in (1.1) yields
QL_4 ({<_L‘) (13)
o L at\x 1
or
g_A ok (r-4)
=S

where g = IQj_e“C'

In discrete form:
4;  AA, . Ak
L= ats T

This equation may be used to form column eight of Table 1. Column nine is

then found using, |
Alt+1) = A(t)['i+-"-ﬁ—8]_
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IL. The Data -

Throughout the paper the output data used is net output at 1958 prices. In
Sections I and II the labour and capital inputs are those actually employed. They
are the total number of man-hours worked and net capital stock at 1958 prices. .
The latter was estimated using the expression, K. = L+ +(1—8)K. —. Section I
uses 8 = 0°04 only, and Section II also incorporates 8§ = 0-03. The share of
capital is found using the accounting 1dent1ty PQ = wL+rk where r = price of
capital and w = wageirate.

Section III uses the full employment supply of the labour and capital inputs.
The labour input is found by adding the unemployed to those employed and

again is in man—hours per year. The constant returns effectivé capital stock is :
glven by:

TN
JO =¥ [ 10 o (33

L]

This is not of practical use and so J(f) was generated using a discrete approximation.

Writing ﬁ__l as p and using the approximation e~ (1+pu)® we have
—1 )

i

T~ P T)e  yd

b
v it

o T(0) 1 8(v 1)t

—w .

The starting point for Eyhe series was taken as 1950, J(t) was then calculated using

JO = Kgo + E10)[1+ 80—+ )"

Finally u = L’ZL‘ ; = full employment supply of man—hours per.

year.. L.= actual man—hours worked per year.

M. Leta+B=R thé returns to scale, where o<a, B<1 and w the weighting
. . —a, a \'
factor is given by ey Then ‘.R<I = W<R.
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Proof 18
R<l=a+B<l=af+B2<B

= a+af+B%<a+B =R
= a<a+B—af—p2
= a<(a+ﬁ)(l—-—ﬁ)

= a <at+f=R
I-p

That is if R is less than unity, w is less than R. Similarly it can be shown that if
R>1 then w>R. > '

18. I am indcbted to Professor J. E. Spencer for this proof.





