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ABSTRACT

Imperfect Labour Contracts and International Trade*

In an economy with imperfect labour contracts, differences in the distribution
of human capital are an independent source of comparative advantage. I
study a world economy with two sectors, one where output is produced by
teams and another where individuals can work alone. When workers’ abilities
are private information and workers cannot verify the value of output or the
level of a firm’s profits, feasible labour contracts fail to generate efficient
matching of workers within teams. The mismatch of talent on teams is more
severe in the country with the more heterogeneous labour force, which
generates a comparative disadvantage for this country in team production.
Trade exacerbates the ‘polarization’ of the more diverse society. National
income could be raised and the distribution of income improved, by a marginal
expansion in the size of the team sector.
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NON-TECHNICAL SUMMARY

Workers differ in ability. Whereas some like Michael Jordan and Luciano
Pavarotti have special talents that are useful only in certain occupations, much
of the variation in ability is more general in nature. One of the most important
functions of the labour market is to allocate the heterogeneous pool of talent
to the different sectors of the economy.

In a world of perfect labour contracts, the allocation of talent would be
efficient. A worker of given talents would confront a range of options for
different jobs in different sectors and would choose the one that appealed the
most. But the ‘invisible hand’ would guide these choices. Not only would
individuals’ comparative advantages be reflected in their choices of profession
and industry, but the most generally talented individuals would undertake the
jobs with the greatest social return to talent and individuals of similar ability
would work together whenever complementarities in the production
technology dictated the efficacy of their doing so.

Alas, real world labour contracts are rarely perfect. Imperfections arise from
informational asymmetries and the costliness of verifying the contingencies
that might appear in a contract. Workers often have better information than
prospective employers about the factors that determine their own productivity.
When prospective employers do not observe all of the relevant aspects of an
applicant’s ability, an offer cannot be made fully contingent on ability. A firm
might wish, then, to link an employee’s compensation to his or her output. But
there are at least two potential problems with this. First, an individual’s output
may be difficult to measure, because the technology may require joint inputs
from a number of workers. Then a contract could tie payments only to the
output of the team. Second, even this more limited class of contracts may be
restricted, if workers cannot readily observe a firm’s output or its profits.
Piecework and profit-sharing arrangements break down when workers cannot
verify an employer’s claims about joint production or profits. Firms may be left
with little choice but to pay similar compensation to workers whose talents
differ.

If labour contracts cannot finely distinguish between workers, the allocation of
talent may be distorted. To break even, a firm must pay a wage
commensurate with the average productivity of its work force. But such an
offer induces adverse selection. A uniform contract that suits the average
worker will not appeal to those who know themselves to be more productive
than average and who perceive alternative options that would provide greater
returns to their talent. Firms that are forced to offer uniform contracts will draw
disproportionately from the bottom end of the target population of workers (i.e.



those with the observable attributes it demands), while the dream of any group
of outwardly similar workers will be to seek activities in which their output can
be measured or where they themselves retain the property rights to the fruits
of their labour.

Imperfect employment contracting affects both occupational choice and
industry allocation. A talented individual will eschew team activities in which
individual attribution is difficult and verification of group output is costly. Within
an industry, such an individual might prefer specialities that permit
measurement of his personal contribution or occupations that make him the
residual claimant on the output produced by a team. And since industries
differ in their technologies, the problems posed by imperfect contracting may
be more severe in some sectors than in others. In particular, large-scale
manufacturing may be at a disadvantage in attracting the most talented
workers as compared to, say, the software, financial or legal sectors, where it
is efficient for individuals to work in small groups or even alone.

In a world of imperfect labour contracts, national differences in the distribution
of talent can be an independent source of comparative advantage. Two
countries that are otherwise identical may specialize in different activities in a
competitive, free-trade equilibrium, if talent diversity is greater in one country
than the other. Consider, for example, the United States and Japan. It is
commonly observed that Japan has a more homogeneous labour force than
the United States. Suppose the average ability of workers in both countries is
the same and that both countries have access to the same production
technologies. Let there be two sectors, one in which team production is
required and a second in which individuals work alone. In the Paper, I show
that there will be no trade between these countries if employment contracts
can be written which make a worker’s pay contingent on his productivity. In
other words, differences in the distribution of talent do not generate
comparative advantage when perfect contracts are feasible. But suppose that
workers’ abilities are not observable to firms and that firms’ outputs are not
verifiable by employees. Then contracts cannot link pay to productivity. In the
United States, a moderately talented individual might be disinclined to join in
team production, because average productivity would be dragged down by
those with very low ability. In Japan, the same forces are present, but to a
lesser extent. An individual with the same moderate talents might be willing to
work in team production, if the (average) wage paid to all workers in the sector
were not too low. I show that, with trade, a highly talented worker has a
greater incentive to isolate himself in a country where the distribution of ability
is more widely spread. This leads to the prediction that the country with
greater diversity will export the products of individual activity and import goods
produced by teams.



There are some important consequences of the trade that derives from
differences in distributions of talent in the face of imperfect labour contracting.
First, such trade causes a deterioration of the income distribution in the
country with a wider spread of talents. On the margin, an increase in the
relative price of the good produced by individual activity induces the most
talented workers in team production under autarky to leave that industry and
work by themselves in the export sector. This degrades the talent pool among
those remaining in the import-competing sector, which depresses average
productivity and wages there. It is commonly believed that only the expanded
trade with poor, labour-abundant countries can possibly have contributed to
the adverse trends in the wages of the unskilled in the United States in the last
two decades. My analysis suggests that, by furthering the incentives for
segregation of workers by skill, growing trade with industrialized countries like
Japan may also have been responsible for part of the observed trends.

Second, trade associated with imperfect labour contracting can exacerbate a
pre-existing production distortion in the country with the more diverse
population. A talented individual choosing between team and individual
production does not take into account that his employment would generate
external benefits in the former activity, but not in the latter. If he opts to work in
the sector with teams, average productivity there rises and some of the
benefits accrue to individuals besides himself. If he decides instead to work in
the individualistic sector, the individual captures all of the returns to his talent.
Thus, national income would be augmented by a marginal increase in the
number of individuals who choose team production, starting from the
competitive equilibrium. Since trade encourages further specialization in
individualistic production in the country with a more diverse talent pool, it has
the potential to reduce national income even as it worsens the distribution of
that income. Production subsidies (or tariffs) could reverse these effects.
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tLu|�@hi� ì �@�i tii? |�@| @ h�ti �? R h@�tit |�i �?UL4i Lu |�i 4Lt| |@*i?|i_ E@?_

h�U�it|� �?_���_�@*tc ���*i hi_�U�?} |�i �@}i uLh |�Lti ��|� |�i *i@t| @M�*�|)� A��tc

|h@_i UL?|h�M�|it |L @ u�h|�ih TL*@h�3@|�L? Lu tLU�i|) �? @ UL�?|h) |�@| �@t @ hi*@|��i*)

_��ihti *@MLh uLhUi� a�t| |�i LTTLt�|i �t |h�i �? |�i hi*@|��i*) �L4L}i?iL�t tLU�i|)(

|�i h@?}i Lu �?UL4it �@t hi*@|��i*) ?@hhL� |L Mi}�? ��|�c @?_ |h@_i ?@hhL�t |��t

h@?}i i�i? u�h|�ih� 6�?@**)c ?L|i |�@| |h@_i i @UihM@|it |�i �?uLh4@|�L?@* i |ih?@*�|)

�? |�i UL�?|h) ��|� @ }hi@|ih tThi@_ Lu |@*i?|tc ��ihi@t �| @**i��@|it |��t i |ih?@*�|)

�? �|t |h@_i T@h|?ih�

D +i*@|i_ w�|ih@|�hi

��hT�) i| @*� E�bb�� UL?|@�?t @? i Ui**i?| _�tU�tt�L? Lu |�i u@U|Lht |�@| }��_i |�i

@**LU@|�L? Lu |@*i?|� W? |�i�h 4L_i*�?} Lu LUU�T@|�L?@* U�L�Uic |�iti @�|�Lht uL**L�

2�



+Lti? E�bH�� �? i4T�@t�3�?} hi|�h?t |L tU@*i� A�i) TL�?| L�| |�@| |�i @M*it| TiLT*i

|i?_ |L U�LLti tiU|Lht ��|� *@h}i TL|i?|�@* 4@h!i|t @?_ �i@! _�4�?�t��?} hi|�h?t |L

tU@*i� A��t @**L�t @ Rt�Tiht|@h� |L tThi@_ ��t @M�*�|) @_�@?|@}i L�ih |�i *@h}it| TLt�

t�M*i tU@*i Lu LTih@|�L?t� ��hT�) i| @*� Thiti?| @ 4L_i*c M@ti_ L? w�U@t E�b.H�c �?

���U� |�ihi �t @ UL?|�?��4 Lu �?_���_�@*t ��|� �i|ihL}i?iL�t @M�*�|�it� ,@U� ThL_�U�

|�L? �?�| �@t @ t�?}*i 4@?@}ih @?_ @? i?_L}i?L�t �Lh!uLhUic ��ihi |�i ThL_�U|���|)

Lu |�i �Lh!uLhUi �t ThLTLh|�L?@* |L |�i @M�*�|) Lu |�i 4@?@}ih� W? |��t ti||�?}c |�i

4Lt| |@*i?|i_ �?_���_�@*t MiUL4i 4@?@}ihtc MiU@�ti |�i�h i |h@ ThL�|t uhL4 @ }��i?

�Lh!uLhUi @hi 4Lhi |�@? �? ThLTLh|�L? |L |�i�h @M�*�|) @_�@?|@}ic @?_ MiU@�ti |�i

@M*ih 4@?@}iht U@? LTih@|i *@h}ih �h4t @?_ tL tThi@_ |�i�h |@*i?| L�ih @ *@h}ih tU@*i�

��hT�) i| @*� Uih|@�?*) hiUL}?�3i_ |�i �4TLh|@?Ui Lu UL?|h@U| UL?t�_ih@|�L?t �?

_i|ih4�?�?} ��@| LUU�T@|�L?t @?_ tiU|Lht �L�*_ Mi @||h@U|��i |L |@*i?|i_ TihtL?t�

W? u@U|c |�i) �hL|i |�@|

_�gihi?Uit �? UL?|h@U|t Mi|�ii? �?_�t|h�it @hi ThLM@M*) @t �4TLh|@?| Lh

4Lhi �4TLh|@?| |�@? _�4�?�t��?} hi|�h?t |L tU@*i duLh _i|ih4�?�?} |�i

@**LU@|�L? Lu |@*i?|o� W? �?_�t|h�it ��ihi �| �t i@t) |L �_i?|�u) @?_ hi�@h_

|@*i?|c �| 4�}�| Mi TLtt�M*i |L T@) |�i @M*i TiLT*i |�i |h�i ^�@t� hi?|t

L? |�i�h @M�*�|) @?_ tL @||h@U| |�i4� � � � 5|@h|�?} L?i<t L�? UL4T@?)

�t LM��L�t*) |�i 4Lt| _�hiU| �@) |L U@T�|@*�3i L? L?i<t |@*i?| ��|�L�|

t�@h�?} |�i ^�@t� hi?|t� � � � �*tLc |@*i?| ��** �L� �?|L tiU|Lht ��|� *itt �L�?|

ThL_�U|�L?c ��ihi �| �t i@t�ih |L @tt�}? Uhi_�| @?_ hi�@h_ UL?|h�M�|�L?t�

ET�D���

W? |��t T@Tih W �@�i _i�i*LTi_ @ }i?ih@* i^��*�Mh��4 4L_i* Lu LUU�T@|�L?@* U�L�Ui

�? ���U� �4TihuiU| UL?|h@U|�?} }L�ih?t |�i U�L�Ui Lu �LM @?_ tiU|Lh M) �?_���_�@*t Lu

_�gihi?| @M�*�|�it� �) 4L_i* UL4T*i4i?|t |�@| Lu w�U@t E�b.H� ��ihi TL|i?|�@* tU@*i

T*@)t |�i Uh�|�U@* hL*i�

A�i �tt�it |L _L ��|� @_�ihti ti*iU|�L? �? 4) @?@*)t�t U@** |L 4�?_ tL4i Lu |�i

*�|ih@|�hi L? i�U�i?U) �@}it� W? T@h|�U�*@hc ì�tt E�bHfc �bb�� @?_ �@*UL4tL?
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Dsshqgl{ D

Lq wklv dsshqgl{ L suryh wkdw/ iru s 5 +sd> sv,> wkhuh h{lvwv dq htxloleulxp zlwk lqfrpsohwh vshfldol}dwlrq

lq zklfk hyhu| lqglylgxdo lq wkh vriwzduh vhfwru kdv juhdwhu delolw| wkdq wkh prvw deoh pdqdjhu lq wkh

dxwrpreloh lqgxvwu|1 L dovr suryh wkdw wkhuh grhv qrw h{lvw dq| htxloleulxp lq zklfk vrph lqglylgxdov lq

wkh vriwzduh lqgxvw| kdyh ohvv delolw| wkdq wkdw ri wkh prvw deoh pdqdjhu1

Iru s A sd/ wkh VV fxuyh ri Iljxuh 6 olhv deryh wkh DD fxuyh dw tp @ tplq1 Iru s ? sv/ wkh DD fxuyh

olhv deryh wkh VV fxuyh dw tp @ tpd{1 Erwk fxuyhv duh frqwlqxrxv1 Wkhuhiruh/ zkhq s 5 +sd> sv,/ wkh

fxuyhv pxvw lqwhuvhfw dw ohdvw rqfh iru vrph tp ehwzhhq tplq dqg tpd{1 Dw wklv lqwhuvhfwlrq/ htxdwlrqv

+4,0+6, duh vdwlv�hg dqg z A 31 Wr hvwdeolvk wkh h{lvwhqfh ri dq htxloleulxp ri wkh vruw ghvfulehg lq wkh

wh{w/ lw uhpdlqv wr yhuli| rqo| wkdw �I +},�z A �s} iru doo } 5 +tz> tp,/ zkhq z> tz> dqg tp wdnh rq wkh

ydoxhv dvvrfldwhg zlwk wkh srlqw ri lqwhuvhfwlrq1

Vxssrvh qrw1 Wkhq/ iru wkh ydoxhv ri z> tz> dqg tp wkdw vdwlvi| +4,0+6,/ wkh frq�jxudwlrq ri wkhZZ /

PP / dqg HH fxuyhv pxvw eh dv ghslfwhg lq Iljxuh 91 Gh�qh at vxfk wkdw �sat @ z1 Qrwlfh wkdw at ? tz/

zklfk/ zlwk +4,/ lpsolhv �I +tz,@5tz ? �s1 Qrwlfh wrr wkdw wkh vorsh ri wkh PP fxuyh dw tz h{fhhgv lwv

vorsh dw wkh +�uvw, lqwhuvhfwlrq zlwk HH/ zklfk lq wxuq h{fhhgv wkh vorsh ri HH1 Wkxv/

�I 3+tz, A �s1

Exw
�I 3+tz, @

4

�+tz,

] tz

tplq

I4+tz> t,g�+t,1

Vlqfh I +�, lv v|pphwulf dqg kdv dq hodvwlflw| ri vxevwlwxwlrq ohvv wkdq rqh/ tzI4+tz> t,@I +tz> t, � 4@5

iru doo t � tz1 Wkhuhiruh

4

�+tz,

] tz

tplq

I4+tz> t,g�+t, ?
4

�+tz,

] tz

tplq

I +tz> t,

5tz
g�+t,g�+t, @

�I +tz,

5tz
/

zklfk lv d frqwudglwlrq1 Lw iroorzv wkdw/ iru s 5 +sd> sv,/ wkhuh h{lvwv d vroxwlrq wr +4,0+6, zlwk z A 3 dqg
�I +},�z A �s} iru doo } 5 +tz> tp,1

Qrz vxssrvh wkdw wkhuh h{lvwv dq htxloleulxp zlwk lqfrpsohwh vshfldol}dwlrq lq zklfk vrph lqglylgxdov

lq wkh vriwzduh lqgxvwu| kdyh ohvv delolw| wkdq wkdw ri wkh prvw deoh pdqdjhu1 Lq vxfk dq htxloleulxp/

wkh doorfdwlrq ri oderu pxvw eh dv vkrzq lq Iljxuh :1 Wkh ohdvw wdohqwhg lqglylgxdov zlwk t ? at @ z@�s

duh zrunhuv lq wkh dxwrpreloh lqgxvwu|1 Wkrvh zlwk t 5 +at> td, zrun lq wkh vriwzduh lqgxvwu|/ zkloh wkrvh

zlwk delolwlhv t 5 +td> te, duh pdqdjhuv ri dxwrpreloh �upv1

Gh�qh tz vr wkdw aI +tz, � z @ z> zkhuh aI +}, � 4
�+at,

U at

tplq
I +}> t,g�+t, lv wkh h{shfwhg rxwsxw ri

dq dxwrpreloh �up zlwk d pdqdjhu ri wdohqw } zkhq wkh zrunhu srro lqfoxghv doo lqglylgxdov zlwk wdohqw

ehwzhhq tplq dqg at1 Zlwk wklv gh�qlwlrq/ tz lv dw wkh lqwhuvhfwlrq ri PP dqg ZZ > wkhuhiruh tz A at1

Dovr/ wkh PP fxuyh lv vwhhshu dw tz wkdq lw lv dw td/ dqg lw lv vwhhshu dw td wkdq lv wkh HH fxuyh1

Wkhuhiruh/ aI 3+tz, A �s1

5<



Exw tz A at lpsolhv aI +tz,@5tz ? �s/ e| wkh gh�qlwlrqv ri tzdqg at1 Dovr/ wkh v|pphwu| ri I +�, dqg wkh
idfw wkdw lw kdv dq hodvwlflw| ri vxevwlwxwlrq hyhu|zkhuh ohvv wkdq rqh lpsolhv tzI4+tz> t,@I +tz> t, � 4@5

iru doo t � tz1 Wklv lq wxuq lpsolhv

aI 3+tz, @
4

�+at,

] at

tplq

I4+tz> t,g�+t, ?
4

�+at,

] at

tplq

I +tz> t,

5tz
g�+t,g�+t, @

aI +tz,

5tz
1

Djdlq/ zh kdyh d frqwudglfwlrq1 Vr wkhuh fdq eh qr htxloleulxp ri wkh vruw ghslfwhg lq Iljxuh :1

Dsshqgl{ E

Wklv dsshqgl{ ghulyhv wkh frpsdudwlyh vwdwlfv ri wkh prgho xqghu wkh dvvxpswlrq ri d xqlirup glvwulex0

wlrq ri wdohqwv1 Lq wkh surfhvv/ L vxevwdqwldwh wkh ydulrxv fodlpv pdgh lq wkh wh{w1

Ohw t � X ^tplq> tpd{`/ zkhuh tplq @ �t � h/ tpd{ @ �t . h/ dqg �t lv wkh phdq ri t1 Frpelqlqj +4, dqg

+5,/ dqg xvlqj wkh surshuwlhv ri wkh xqlirup glvwulexwlrq/ zh kdyh

�stp @
4

tz � tplq

] tz

tplq

�
I +tp> t,� I +tz> t,

5

�
gt 1 +D4,

Zlwk t xqlirupo| glvwulexwhg/ +6, ehfrphv

tp @ 5tz � tplq 1 +D5,

Gl�huhqwldwlqj +D4, dqg +D5, wrwdoo| zlwk uhvshfw wr s jlyhv

gtp
gs

@
4

�

�
�tp
h

�
+D6,

zkhuh

� � �5�s.
4

tz � tplq

+] tz

tplq

�
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5
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5
. I +tp> tz,� itz

,
+D7,

dqg �I +}, @ 4
tz�tplq

U tz
tplq

I +}> t,gt lv wkh h{shfwhg rxwsxw iru d pdqdjhu ri delolw| }=

Iluvw L zloo hvwdeolvk wkdw � ? 31 Wr wklv hqg/ L xvh +D4, wr vroyh iru �s/ dqg vxevwlwxwh wkh uhvxow lq

+D7,/ wr ghulyh53

tp+tz � tplq,

tplq
� @ � �I +tp, .

6tz � 5tplq

5tz
�I +tz,� I +tp> tz, . 5I +tp> tplq,� tp

5tz
I +tz> tplq,

@ �4 .�5 .�6 .�7 .�8 /
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zkhuh

�4 � I +tp> tplq, . I +tz> tz,� I +tp> tz,� I +tz> tplq, /

�5 � �I +tz, . I +tp> tplq,� �I +tp,� I +tz> tplq, /

�6 � 4

5

k
�I +tz,� I +tz> tz,

l
/

�7 � tplq

5tz

k
I +tz> tplq, . I +tz> tz,� 5 �I +tz,

l
/

�8 � 4

5
^5I +tz> tplq,� I +tz> tz,� I +tplq> tplq,` 1

Qrz/ �4>�5/ dqg �8 duh qhjdwlyh e| wkh vxshuprgxodulw| ri I +�,/ �6 lv qhjdwlyh ehfdxvh tz � t iru doo

t 5 ^tplq> tz`/ dqg �7 lv qhjdwlyh ehfdxvh I45+tz> t, A 3 dqg I +�, krprjhqhrxv ri ghjuhh rqh lpsolhv

I55+tz> t, ? 3 iru t 5 ^tplq> tz`1 Wkxv/ � ? 31

Zlwk � ? 3/ +D6, lpsolhv gtp@gs ? 31 Exw wkh rxwsxw ri vriwzduh lv lqyhuvho| uhodwhg wr tp>

{v @
�O
5h

U tpd{
tp

tgt1 Wkhuhiruh/ g{v@gs A 31

Dovr/ gtz@gs @ +gtp@gs,@51 Wkhuhiruh/ gtz@gs ? 31 Iurp +4, dqg wkh surshuwlhv ri wkh xqlirup

glvwulexwlrq/ zh kdyh

z @
�I +tz,

5
1

Wkhq Cz@Ctz A 3/ zklfk phdqv wkdw gz@gs ? 31

Qrz L gl�huhqwldwh +D4, dqg +D5, zlwk uhvshfw wr h>kroglqj s frqvwdqw1 Diwhu vrph uhduudqjlqj/ wklv

|lhogv

gtp
gh

@
4

+tz � tplq,�
�%

�I +tp,�
�I +tz,

5
� I +tp> tplq,� I +tz � tplq,

5
. I +tp> tz,� itz �
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I4+tz> t,

5
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&
1

Xvlqj wkh gh�qlwlrq ri �/ wkh h{suhvvlrq iru �s iurp +D4, dqg wkh uhodwlrqvkls ehwzhhq tp dqg tz iurp

+D5,/ L fdofxodwh

gtp
gh

. 4 @
�5
�

+
5I +tp> tplq,

tp
� ^I +tp> tz, . �I +tp,`

tp
� I +tz> tplq,

5tz
.

�
4
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� 4

5tp

�
�I +tz,
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ru
gtp
gh

. 4 @
�5
�

�
tz � tplq

tplq
�� 4

5tz
^I +tp> tplq,� I +tz> tplq,`

�
1 +D8,

Qrwh wkdw �5@� A 3/ zkloh � ? 3 dqg tp A tz> zklfk lpsolhv wkdw wkh whup lq fxuo| eudfnhwv lq +D8,

lv qhjdwlyh1 Wkhuhiruh/ gtp@gh. 4 ? 3 dqg/ d iruwlrul/ gtp@gh ? 31

Iurp {v @
�O
5h

U tpd{
tp

tgt @ �O^+�t . h,5 � t5p`@7h/ L frpsxwh

g{v
gh

@
�O

7h5

�
t5p . h5 � �t5 � 5htp

gtp
gh

�
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Exw tp A tplq @ �t � h lpsolhv htp A h�t � h5 dqg t5p A �t5 � 5�th. h51 Wkhuhiruh/

g{v
gh

A
�O

7h5

�
5h5 � 5�th� 5h+�t � h,

gtp
gh

�
@ ��O �t � h

5h

�
gtp
gh

. 4

�
1

Vr gtp@gh . 4 ? 3 lpsolhv g{v@gh A 3> l1h1/ d vsuhdg lq wkh glvwulexwlrq ri wdohqw lqfuhdvhv htxloleulxp

rxwsxw ri vriwzduh1

Rxwsxw ri dxwrprelohv lv jlyhq e|

{d @
O

5h+tz � tplq,

] tp

tz

] tz

tplq

I +}> t,gtg} 1

Iurp wklv L frpsxwh

g{d
gh

@ � {d
h+tz � tplq,

^h. tz � tplq` .

O

5h+tz � tplq,

��] tp

tz

I +}> tz,g}

�
gtz
gh

.

] tp

tz

I +}> tplq,g}

�
.

O

5h

�
�I +tp,

gtp
gh

� �I +tz,
gtz
gh

�
+D9,

Qrwh iurp +D5, dqg tp @ �t � h wkdw
gtz
gh

@
4

5

gtp
gh

� 4

5
1

Zlwk gtp@gh ? �4/ wklv lpsolhv gtp@gh ? gtz@gh ? �41
Wkh whup rq wkh �uvw olqh rq wkh uljkw0kdqg vlgh ri +D9, lv qhjdwlyh/ ehfdxvh tz A tplq1 Wkh whup

rq wkh vhfrqg olqh ri +D9, lv qhjdwlyh/ ehfdxvh I +}> tz, A I +}> tplq, dqg gtz@gh ? �41 Wkh whup rq

wkh wklug olqh ri +D9, lv qhjdwlyh/ ehfdxvh �I +tp, A �I +tz, dqg gtp@gh ? gtz@gh ? 31 L frqfoxgh wkdw

g{d@gh ? 3> l1h1/ d vsuhdg lq wkh glvwulexwlrq ri wdohqw uhgxfhv htxloleulxp rxwsxw ri dxwrprelohv1

Vlqfh g{v@gh A 3 dqg g{d@gh ? 3/ g+{v@{d,@gh A 31 Wkdw lv/ d vsuhdg lq wkh glvwulexwlrq ri wdohqw

lqfuhdvhv uhodwlyh rxwsxw ri vriwzduh dw d jlyhq sulfh1 Lw iroorzv wkdw d frxqwu| zlwk d pruh glyhuvh

oderu irufh surgxfhv uhodwlyho| pruh vriwzduh lq d iuhh0wudgh htxloleulxp1 Zlwk lghqwlfdo dqg krprwkhwlf

suhihuhqfhv/ wklv frxqwu| pxvw h{sruw vriwzduh dqg lpsruw dxwrprelohv1
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