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ABSTRACT

This thesis examines, theoretically and empirically, the
effects of an import quota on the quality of both imported
products and those produced domestically which compete with
imports. The effect on import quality is found to be
ambiguous, while the quality of domestically produced
import-competing products rises.

Data prepared by Statistics Canada for this thesis were
used to compute estimates of the quality of seven clothing
product categories manufactured in Canada. Estimates of
import quality for the matching seven import categories from
five low cost, quota-restrained countries were then
calculated.

The quota imposed by Canada in 1977 on such imports from
these countries resulted in import quality upgrading in the
short run, but the effect on the quality of Canadian
manufactured import-competing products was found to be

ambiguous.
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INTRODUCTION

A popular view in the trade literature is that quota
restraints result in a higher quality of imported products.
Exporters find it profitable to ship higher price products of
better quality to the gquota-imposing country since the
quantity they can sell is restricted by the gquota barrier.

Thus a quota leads to an upgrading of import guality.

The quality upgrading hypothesis originated with the
Alchian and Allen (1969) proposition of ‘shipping the good

apples out’:

If good 1 is the premium quality apple and
good 2 the inferior quality apple with local
prices F and P, (p1 > p%), then after adding

a fixed amocunt, t, as the transportation
charge, (p+t)/(p,+t) < (p,/P,).




Although both prices are higher, good apples have become
relatively cheaper and a higher proportion of good apples

will be shipped out than consumed locally.

A specific tariff also adds a fixed amount, as did the
transportation cost, to the prices of goods of all qualities.
A quota charge affects the quality of imports in the same way
as does a specific tariff, if a quota licence price, or guota
charge, is determined competitively. Rodriquez (1979), Falvey
(1979), and Santoni and Van Cott (1980) incorporated this
idea in a competitive partial equilibrium model. These mocdels
produce the Alchian and Allen result: the gquality of imports

unambiguously increases under a unit tariff or a quota.1

This thesis extends the theoretical and the empirical
research on the gquota-quality link in a competitive, partial
equilibrium framework. Previous literature used a long-run
model with free entry and constant costs to establish the
result that a quota increases import quality. One objective
of the thesis is to examine the robustness of the
quality-upgrading hypothesis to changes in assumptions. This
thesis shows that in a model with a fixed number of firms and
increasing costs, the effect of a quota on import quality is

ambiguous.

1 A well known piece of evidence in favour of this phenomenon
is quality upgrading by Japanese car exporters {Feenstra
(1984)1}.
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Another objective of the thesis is to examine the effect
of a quota on the quality of domestic goods. Theoretically,
the quality of domestic import-competing goods is found to

rise unambiguously under a quota regime.2

The thesis also undertakes an empirical analysis of the
effect of the quota imposed in 1977 on quality in the
Canadian clothing industry. Making use of special data made
available by Statistics Canada, the thesis constructs a new
measure of quality for imports and domestic products in

certain clothing categories.

The thesis is organized as follows. In Chapter two, a
theoretical model is set up. In Chapter three, there is an
analysis of the effect of a specific tariff on the quality of
imports and import~-competing goods. Chapter four considers
institutional aspects and provides descriptive statistics
concerning the Canadian clothing market. In Chapter five, the
empirical methodology and empirical results are developed.
Conclusions follow in Chapter six.

The remainder of this chapter is structured as follows:
the second section gives a brief account of the relevant
international trade literature, while in the third section,
the theoretical model and empirical methodology employed in

this thesis are summarized.

2This result supports the view of Pestieau (1977) and Ahmed

(1989), but is contrary to Jenkins' (1985) argument that
Canadian clothing manufacturers move down the product quality
spectrum.



1.2. A REVIEW OF THE LITERATURE

The literature on commercial policy and product quality
starts with Falvey (1979) who examines the issue in a
competitive partial equilibrium model where a small economy
imports two varieties of a good. The marginal and average
cost of each type is assumed constant. The two varieties are
close substitutes so income and cross-price effects are
assumed absent. A unit tariff or quota charge raises the
prices of both varieties by the same absolute amount but, as
in the Alchian-Allen proposition, the relative price of the
premium variety falls and import quality upgrading takes
prlace. Imports of the higher quality variety increase but
imports of the lower quality variety fall more, so that total
imports of the product decrease. An ad valorem tariff, on the
other hand, does not affect the quality composition of
imports since the relative price of the two varieties is

unchanged.

Santoni and Van Cott (1980} extended the Falvey model to
three varieties of imports. They obtained the quality

upgrading result with both unit tariff and quota regimes.




Rodriguez (1979) modeled quality as a continuous
variable and assumed that the services of different qualities
were perfect substitutes. In his model the country imports one
quality in the absence of any trade barriers. The marginal
and average costs of output are assumed constant but are
higher with more quality content. Although the output of the
foreign firm is indeterminate, the quality of services it
supplies is determined by the condition that price of
services and price of quality equal marginal costs. Free
entry of foreign firms ensures the equality of marginal and
average cost, and that they are the same as the price of

services in the home country.

In the Rodriguez model, a unit tariff or a quota charge
raises foreign firm's marginal reverue of gquality above its
marginal cost by increasing the price of services in home market.
The foreign firm then increases quality content. An ad
valorem tariff does not bring forth any quality adjustment
because it does not alter the equality of price-marginal

cost, and the marginal and average costs of quality.

Mayer (1982) models domestic and foreign production of a
quality differentiated product in a general equilibrium
framework with quality treated as a continuous variable.
However, Mayer analyzes the effect on import quality of

imposition of quality standards rather than an import quota.



There is a considerable literature originating with
Barro (1974) and Musa and Rosen (1978) on whether a
monopolist increases or decreases product quality. The issue
is whether the quality of imports supplied by a monopolist
improves under different commercial policies.3 In these
models the effect of a quota charge is similar to that of a
specific tariff. The general result in monopoly models is
that specific and ad valorem tariff regimes both have
embiguous effects on import quality4. The results were
similar when extended to cover monorolistic competition5 and

oligopolys.

The ambiguous import quality result derived in this
thesis is consistent with findings from models with
imperfectly competitive markets. The unambiguous domestic
quality upgrading result derived in this thesis is a result

that has not been addressed in previous work.

3 Krishna (1987), Das and Donnenfeld (1987).

4 Krishna (1987, 1990), Das and Donnenfeld (1987).

5 Krugman (1979), Lancaster (1979).

6 Krishna and Itoh (1988), Das end Donnenfeld {1989).



The automobile industry is characterised by imperfectly
competitive firms. Empirical work by Feenstra (1984, 1988)
examined the effect on import quality of (a) Japanese
‘roluntary export restraints (VERs), and (b) a 25 percent ad
valorem tariff on truck imports from Japan to the United
States. Feenstra used data on automobile characteristics and
hedonic regression techniques to analyze quality. Although
there was no evidence of quality change in the ad valorem
tariff case, VERs were associated with an increase in the

average quality of Japanese cars.7

The footwear market in the United States is a
competitive industry. Aw and Roberts (1986, 1988) used the
index number approach to examine the quality of U.S. imports
of footwear from quota restrained countries. Their work

supported the quality upgrading hypothesis.8

1.3. FraMEwork FOR THE THESIS

In the model formulated in Chapter two, the home country
clothing market is supplied by domestic and foreign firms.
The analysis is based on a short run partial equilibrium
model with perfect competition. An index q, (g = 0,...,@),

ranks clothing varieties in ascending order of quality.

7 Tarr and Morkre (1984), Feenstra (1984), and Anderson
{1985) also estimate welfare costs in the U.S. due to the
quota systenm.

8 Anderson (1985) also finds support for this hypothesis in
the case of U.S. import of cheese.




In the model there are two countries termed "foreign"
and "home". In each country firms choose the gquantity and
quality of the varieties to produce. The production process
is such that marginal cost is rising with respect to both

quantity and quality.

Consumers budget in two stages. At the first stage,
overall utility is maximized by allocating the budget between
expenditures on the clothing and other goods’ sectors. At the
second stage, the clothing sector sub-utility is maximized
subject to the clothing sector expenditure. The consumer
sub-utility function is additive in the g clothing varieties,

with the various varieties treated as perfect substitutes.

In free trade equilibrium, each country produces output
of a single quality. In our model, the effects of a specific
tariff or a quota on quality and output are qualitatively

equivalent.

The direct effect of the specific tariff on the output
and quality choice of the foreign firms is negative: the net
price received by the foreign firms is lowered, and they

react by reducing both quality and output.



Another effect is indirect, influencing the choice of
output and quality for both foreign and home firms. The
specific tariff increases the price and output of the
reference grade, i.e., the lowest quality. Because higher
qualities are priced relative to this reference grade, the
tariff causes their prices to go up as well. The increase in
the price of the reference quality causes a rise in the
marginal revenue of firms; they are induced to produce more
output and increase quality content. This indirect effect is
positive. In particular, it explains the result that domestic
firms increase quality when a tariff or quota is imposed on

imports.

The quality of imports can increase or decrease or
remain unchanged depending on whether the direct and the
indirect effects offset or reinforce each other. In contrast
to the previous literature, our model does not yield the
unambiguous prediction that import quality increases under a

guota regime.

For empirical evidence we turn to data from the Canadian
clothing market from 1974 to 1986. The Canadian clothing
industry is competitive. Clothing imports to Canada from
low-cost countries such as Hong Kong, China, the Philippines,
South Korea and Taiwan, have been subject to quota
restrictions -, 'nce 1977, Meanwhile, all high-cost countries

had unrestrained access to the Canadian clothing market.
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Statistics Canada provides quality adjusted price index
data for seven product categories which can be matched to
import categories. From product price survey data Statistics
Canada prepared for this thesis, quality unadjusted price
data matched to quality adjusted price data are available for
the same seven categories. From Customs data come unit values
for seven import product categories which can be matched to

varieties of clothing produced in Canada.

The measure of domestic product gquality employed here is
the ratio of the quelity unadjusted price index and the
quality adjusted price index. The measure of import quality
used is the Canadian quality adjusted price index times
import unit value index divided by the Canadian quality

unadjusted price index.

Empirical evidence for the seven import product
categories from the five major quota restricted countries
indicates that the quality-upgrading hypothesis for imports
is accepted based on a comparison of import quality during
three years periods before and after the imposition of a
quota in 1977. For import-competing products, quality changes

are marginal and no clear pattern emerges.
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These descriptive tests are supplemented by statistical
analysis using pooled data. In the regression analysis dumnmy
varisair'les are used to capture the effect of the quota. The
results show an increase in the quality of imports following
the quota but indicate no significant change in the guality

of Canadian production.

The regression analysis is then extended to isolate the
effect of the quota on quality from the influence of factors
such as real GDP, inflation, and supply trends. Regressions
are run for each product category and country using data from
1974 to 1986. No significant effects of these additional

variables were found.

The import quality-upgrading hypothesis holds in the
Canadian clothing market by the evidence of this thesis. This
result extends previous work, which applied to imperfectly
competitive markets, to a competitive setting, as is the case
in Canada. Little evidence of quality-upgrading by

import-competing firms is found.



CuarTER Two

Propuct QuaLiTy axp CoMMERCIAL PorIcy:

TuE Basic MopEL

In this chapter we formulate a model of a competitive
market where (a) services provided by different varieties are
perfect substitutes, and (b) domestic and foreign firms face
rising marginal costs with respe~t to both quality and
output. Assumption {(a) allows do.estic and foreign firms to
produce different qualities in a competitive industry.
Assumption (b), a plausible specification in the short-run,

leads to some new results derived in the next chapter.

This chapter is organized as follows. The demand side is
developed in section 2.1. In section 2.2, the supply side of
the model is set up. The model is solved for the free-trade

equilibrium in section 2.3.

12
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2.1. TuE DEMAND SIDE

Consumers are assumed to have identical utility
functions, so the analysis of the demand side of the model
can be developed in terms of the utility function of the

representative consumer.

To simplify the analysis consumers are assumed to do
two-stage budgeting. The first stage utility function is
defined over clothing and other goods. The second stage
sub-utility function is defined over the @ quality

differentiated clothing varieties of the clothing industry.

The first stage utility function is:
u:u ‘uc, uv,’ (2-1)

where U is the first stage utility function,
u is the second stage utility function for the
clothing sector, and
u is the second stage utility function for sector Y

y
which represents all goods.

If the utility function (2.1) is separable, the consumer
optimization can be analyzed in two steps. In the first
stage, the consumer allocates expenditure between (’othing
and other goods, given the budget constraint and the price of
clothing compared to that of other goods. In the second

stage, the clothing budget is allocated to different
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varieties within the clothing group. This allocation depends
only on total clothing expenditure and the prices of the

different varieties.1

Consider the second stage optimization problem with the
general form of the clothing sector sub~utility function

taken as:

uc = uc(S:.S:’ s e s ’sc) ’ ‘202’

where s: is the service flow obtained by the representative

consumer from variety g. This service flow is defined as the
quality content in one unit of variety g, denoted ¥{gq), times
the quantity consumed, denoted x:; that is, s: - w(q)x:.

q = 0,...,0.

The utility function (2.2) is assumed to be additive in

its arguments:

Q Q
u = s @ 2:5: = E:v(q)xz, (2.3)
=0

q q=0

where S, is the total services consumed by the representative
consumer. Assuming the relationship between ¥ and g is
one~to-one, index q is chosen 80 that the higher is g the

higher is ¥(q):

1 See Deaton and Muellbauer (1980): 124.
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wJ) > wli), for j > i. (2.4)

Following Rodriguez (1979), (2.3) assumes that there is
perfect substjitution between different product varieties,
This assumption allows a number of varieties to be produced

in a competitive industry.

Let m be the optimal clothing sector budget allocation

from the first stage decision.” At the second stage, the

representative consumer chooses the optimal combination of

varieties by maximizing (2.3) subject to the constraint:
Q .9 _
zq.a ch - mp ‘2.5’

where pﬁ is the unit price of ¢g-th variety.3

2 In general, the share of 2 in total expenditure depends
on the budget and the prices of the clothing and other goods.

If however, (2.1) is represented by the Cobb-Douglas form
this share is constant.

3 In section 2.2 below, g is treated as a continuous
variable. Optimization by a finite number of different firms
{(i.e., different cost functions) leads to a finite number of

varieties produ-ed. Thus g is taken to be a discrete variable
in the present section.
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The second stage consumer optimization is:

Q
e z-= Zw(q)x: + A (2 - q‘jo p'x)), (2.6)
x q=0

C

where A is the Lagrangian multiplier. The first order

conditions are:

or s Ytq) - lpﬁ = 0, Qq=0,...9,
ax3d
[
Q
-g_f—' =m-2pq§q=0. (207,
q

According to (2.7), the following condition must be satisfied

for the consumer to be indifferent between any two varieties:

vi) . RB08)
Pi Fﬁ

i,§=0,...,Q . (2.8)

Equation (2.8) shows that for the representative
consumer ‘> buy varieties i and J, p‘/pj must be equal
w(i)/9¥(5). Thus, if multiple varieties are sold in the
market, their prices must be set in such a way that they
satisfy (2.8); that is, the marginal utility per dollar must

be the same for each variety.
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Normalizing g so ¢ for variety O (the reference grade)

is one, (2.8) becomes:

o = p%(g), a=o0,...,q. (2.9)

The price of variety g is linked to the price of the

reference variety by the quality content function ¥w(gqg).

Using (2.7) and (2.9) the demand for clothing services

by the representative consumer is expressed as:

Q .
s (2% m) = L wig)s? - B, (2.10)
q P

If there are n° consumers, aggregate demand for services

in the domestic market, S;, can be written as:

0 - c - M
S;(p . M) = n s, = pP ' (2.11)

[+
where M = n -m.

2.2. THE SuppPLY SIDE

In the domestic market, clothing varieties are supplied
by home and foreign firms. Each firm can choose to produce
any variety g, where g is now treated as a continuous index

of quality over the interval {[o0,Q].
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The total cost functions for representative home and

foreign firms are given by:

Cj = ¢j(xj,qj)’ J = 8,F

3 3
___a¢1 > 0, a¢j >0 (2.12)
dx dg

where x” and qH represent outputs and quality produced by a
representative home firm and xF and qF represent outputs and
quality produced by a representative foreign firm. The cost
functions are assumed to be increasing in output and quality.
Note that ¢H and ¢F can differ due to factor price and/or

technological differences.

2.3. THE FREE-TRADE EQUILIBRIUM

We first consider the free trade situation where foreign
firms face no barriers in selling to the home country. The
unit price in the home market for any level of g is thus the
same for both home and foreign firms. Using (2.9) the profit
function of a representative firm in country J under free

trade is:

ﬂ" PO'P(Q’)XJ - ¢j(xjtqj,! ’-HJF . (2013,

Using subscripts to denote partial derivates, the first

order conditions for profit maximization are:
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p°wq(q’)x‘ - ¢:(x",q") = 0, jeA,F, (2.14)

pwia’) - ¢:(x’,q‘) = 0, 4=H,F . (2.15)

The second order conditions for profit maximization are

assumed to be satisfied.4

The two equations, (2.14) and (2.15), can be solved for i
the two unknowns, qj and x. The first term on the left hand
side of (2.14) is the marginal revenue of quality, MR(qJ),
while the second term is the marginal cost of quality,

MC(qj). The competitive firm equates MR(qJ) and MC(qj) to
determine its optimal quality. Similarly, the first term on
the left hand side of (2.15) is the marginal revenue of
quantity, MR(xJ), and the second term is the marginal cost of
guantity, Mv(x’). The competitive firm equates Mﬂ(x’) and

MC(xj) to determine its optimal quantity.

4 The second order conditions are: (1) nd = pr (qj)-xj
qJ b qjqj

-o, (xhd'y <o 2wt =-0 (x,g’)) <0; and (3)
P 0 i ¥1* 3
54 " fl g4 = (p v j(q ) -9 s J(x +@ ,)] > 0. We assume
q % x“q q g x
that (1) and (2) are negative and (3) is positive. For profit
maximization we also need to assume that:

2
s i [s ]
n n - In > 0,
I D M o
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The choice of gJ and x! is illustrated in Figure 1.
There the qjqj curve is the locus of all (qj, xJ)

3 3

combinations that satisfy (2.14), while the x'x° curve is the

locus of (xj, q’) that satisfy (2.15). It is shown in
Appendix II.A thgt both schedules are upward sloping under
the assumption that the cross-effects term in the second
order conditions is positive, It is also demonstrated that

the xjxJ curve is steeper than q"qj curve in the

neighbourhood of (qj*.xj*).

Figure 2.1: The Firm in Free-Trade Equilibrium

K

L 2

The solution to (2.14) and (2.15) is (qj*,xj'), given by

the intersection of q’qj and xjxJ at point Ef* in Figure 2.1.
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In the Rodriguez model (1979) the firm's output is
indeterminate because of the assumption of constant marginal
cost. By contrast, in this model, the level of output and
quality for the firm is determinate as a result of the

assumption that marginal cost increases as quantity or

guality rise.

In the analysis of Figure 2.1, EP for the representative

firm in country Jj was given. A change in pp alters both qJ

and xj.

In Appendix II.B it is shown that an increase in pP is
3

associated with an increase in both g and x’:
qu
> >0, i=F,H . (2.16)
dp
dxj
o) > 0, J'-'-F,H L4 (2'17)
dp

The explanation of this result is as follows: any increase in
the price of the reference quality raises marginal revenue
MR(q) in (2.14) for a given x’, so firms in each country
increase qj to raise MC(g) to satisfy (2.14). An increase in
pp shifts the g“qj schedule up to q"qj’ as shown in Figure

202.
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Figure 2.2: Shifts in x"xj and quJ due to a Change in pP
[ x’
q 4
- , o .y
E
g’ 2
g3* 2 P
%
L
q -
J
x .
Bj j
> x
Xj* le

3 the firm finds that its Mﬂ(xj) has risen due

3

For a given g
to the increase in pP. The firm must now increase x° such
that HC(xj) gets larger and condition (2.13) holds again. In
terms of Figure 2.2, an increase in p'o for a given value of

qj causes the x’x' schedule to shift to the right to xxd,

The upward shift in the g¢'q’ schedule and the rightward
shift in the x'x! schedule cause the equilibrium quality and
output to rise. Crucial to this result is the condition that

) schedule is steeper than the q"qj schedule.

the x’x
It is generally observed that better quality clothing
items are produced in high wage countries. This fact is
consistent with our results. In our model, even if the
technology is the same in home and foreign countries,
differences in relative factor prices could cause ¢"(-) to
differ from ¢F(-). It is possible, as illustrated in Figure

2.3, that the intersection of the x"x" and q“q" schedules
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cccurs at a higher level of quality than the intersection of

the xeF and quF schedules.

Figure 2.3: Home Versus Foreign Quality

Fx

Once the equilibrium levels of output for each quality
level are determined for the representative firm, the supply

of services by the representative firm in country J is:

g =vwd) ¥, = . (2.18)
The total supply of services in the home market from country
J is the number of firms in country J times the supply of

gservices by the represetative firm:

st = W(q’) n’xJ, §=F,H . (2.19)
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where nj

is the number of firms in country Jj. The aggregate
supply of services, S, is the sum of the supply from each

country:

s(p°) = 8 = w1 + wH)X . (2.20)

From (2.16) and (2.17) q’ and x' both increase as pP
increases. The supply function of services in (2.19) and

(2.20) this increases with pP.

To determine the equilibrium home market price of
services for the reference quality, aggregate demand for
services (2.11) and aggregate supply of services (2.20) are
equated to obtain:

Po = M/W(qu)nHX" + 'P(qp)nFXF] . (2.21)

The determination of the price of the reference quality
in the free trade case is illustrated in Figure 2.4.
Aggregate demand is given by the S  schedule, which (from
2.10) is negatively sloped in p»o and S space. The aggregate
supply of services, the S(SF+S“) schedule, is upward sloping
from (2.20). The intersection of the two schedules determines
Ox

P . Given the price of the reference quality, the price of

any higher quality can be derived from (2.9).
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Figure 2.4: The Determination of the Reference Quality Price
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P 4

s(sF+st)
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The demand for services supplied by the ,j-th country can
be easily derived. For example, the demand curve for services
supplied by the foreign country is the residual demand,

Si(-), after domestic supply has been subtracted from the

total home demand:

s}’ = 5 (%0 - S'(B°, M), a.aemims e, (2.22)

The equilibrium level of services for country J is obtained

by equating Si(') and s?(-):
sip®m = s'(P°) = wd)n'X, s=rm (2.23)

This solution is illustrated in Figure 2.5.
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Figure 2.5: The Determination of Home or Foreign Supply of Services

0
P 2
yd d
ppx e
s,
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In Figure 2.5, sﬂ is the net demand available to country
J in the home market whiles Sj is country Jj's supply of
services. The two schedules intersect at E'*, The free-trade
equilibrium level of services is SJ* at the free-trade price

of the reference quality, pP*.
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APPENDICES TO CHAPTER Two

II.A. SLoPES OF <'<’ aND x’x* CURVES

To determine the slope of the q"q" curve, we

3 3

differentiate (2.12) with respect to qg° and x:

2 2
dn' =0 = o ¢z (¢), x| aq’

q aqj aq3

3 3
+ po ﬂ;—(q’) - _321_223_(91,"1) dxJ .
8q d9q° 9Jx

(A2.1)

We next obtain:

dg ag? agl 8%
- = -
dx 2 2
LR !»z _ 3 ¢z (' x')
'y an aq"
qq
o)
= - 29 > 0 .
)
q’q’ < 0

(A2.2)



To determine the slope of the x’x} curve, we

differentiate (2.13) with respect to q’ and sz

3 [}
d"jj =0-= [Po '92—(9’) - 2 o (¢’,x!)|dd’
x aqj axj aqj

2

8xj
{A2.3)
We next obtain:
3 3
[ J (x",q)
dg x3xd
3 = 3 3 >0
(1] 9
ax PP () - B Bx ()
dq ox dg
x"x"
. j} -
= Xz >0 .
“3
qjxj} > 0
{(A2.4)

Both schedules are positively sloped in q“-xj space. But at

the interr ction of the two curves the slope of the x’x’

curve is steeper than the q“qJ curve.




The assumption that |J}| > 0 implies that:

O 3 b ] J 3 B ] b ]
PV (g°) x - ¢ (x',q )][-¢ (x’,q )] >
{[ oJq? 3.3 oIy

(A2.6)

1.3

The slope of the x x° curve is thus steeper than the q"q"

curve.
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I11.B. Errects oF »° oN FirM QuariTy AND QUTPUT

To examine how the representative firm adjusts quality

and output to a change in the price of the reference quality,

we form the differential of the two first order conditions in

(2.12) and {2.13) to obtain:

dujj =0 = 3 (q') x’] dp°
q - dg
2 2
8
+ |9 x’awz ¢2(q’.x’) dg
s 8q’ aq’
8¢ ag’
+ poﬂr( 5 ¢j —ﬂj—(qj.xj
dq 3q° dx
Then we compute:
[ as Ja
du’, =0 = [w(q’)dpo]-l- po-gr-,—(q’) - 4’, —xT'
x i 8q dx° Ogqg

J

(A2.7)

(A2.8)




Setting dpo # 0 we have:

2 2 b | 3
o0« 20 - 28 ()] [ 2 qqty - 2 2]
03y 1 a¢!  ax! 3¢
[P j(Q)'_"T—-f-()]["——z—“]
dg d9x° Oq axj
J
dq
o - Qﬂi_()xj
X dp = aq’ .
dx? - qu)
dpo
{(A2.9)

Solving for dq'i/(:lp0 we have:

3 3

dg' _ _1 ay s 8¢
T {-— j()x {-—-———-—2()]
dp jo°] dq

axJ
3 3
[- w(q’)][po-@T(qj) - -83-,—-6-9';-()] >0 .
9q 8g° 9x
(A2.10)
Solving for dxj/dpo we get:
h | 2 2
R et ) (TP
a® |7 32 52
dg g

(A2.11)







