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Chapter 2

Confronting Scarcity: Choices in Production

Start Up: Tightening Security at the WorldÕs
Airports
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2.1 Factors of Production

LEARNING OBJECTIVES
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Natural Resources
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Technology and the Entrepreneur
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Case in Point: Technology Cuts Costs, Boosts Productivity
and Profits
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2.2 The Production Possibilities Curve

LEARNING OBJECTIVES
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Comparative Advantage and the Production Possibilities Curve
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The Law of Increasing Opportunity Cost
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Movements Along the Production Possibilities Curve
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Inefficient Production

(BJ�FHCCBF8��?C<A8�-CBEGF�<F�9H??L�8@C?BL<A:�<GF�946GBEF�B9�CEB7H6G<BA���BH?7�<G�FG<??
BC8E4G8�<AF<78�<GF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8���BH?7�4A�86BAB@L�G;4G�<F�HF<A:�4??
<GF�946GBEF�B9�CEB7H6G<BA�FG<??�CEB7H68�?8FF�G;4A�<G�6BH?7��.;8�4AFJ8E�<F�Q28F	R�4A7
G;8�>8L�?<8F�<A�6B@C4E4G<I8�47I4AG4:8���A�86BAB@L�46;<8I8F�4�CB<AG�BA�<GF
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�BA?L�<9�<G�4??B64G8F�<GF�946GBEF�B9�CEB7H6G<BA�BA�G;8
54F<F�B9�6B@C4E4G<I8�47I4AG4:8��#9�<G�94<?F�GB�7B�G;4G	�<G�J<??�BC8E4G8�<AF<78�G;8�6HEI8�

-HCCBF8�G;4G	�4F�589BE8	��?C<A8�-CBEGF�;4F�588A�CEB7H6<A:�BA?L�F><F��1<G;�4??�G;E88
B9�<GF�C?4AGF�CEB7H6<A:�F><F	�<G�64A�CEB7H68����C4<EF�B9�F><F�C8E�@BAG;��4A7�AB
FABJ5B4E7F���.;8�9<E@�G;8A�FG4EGF�CEB7H6<A:�FABJ5B4E7F��.;<F�G<@8	�;BJ8I8E	
<@4:<A8�G;4G��?C<A8�-CBEGF�FJ<G6;8F�C?4AGF�9EB@�F><F�GB�FABJ5B4E7F�<A�AH@8E<64?
BE78E��*?4AG���9<EFG	�*?4AG���F86BA7	�4A7�G;8A�*?4AG��� <:HE8�������99<6<8AG�08EFHF
#A899<6<8AG�*EB7H6G<BA�<??HFGE4G8F�G;8�E8FH?G��#AFG847�B9�G;8�5BJ87
BHG�CEB7H6G<BA
CBFF<5<?<G<8F�6HEI8�����	�J8�:8G�4�5BJ87
<A�6HEI8	���������-HCCBF8�G;4G��?C<A8
-CBEGF�<F�CEB7H6<A:���FABJ5B4E7F�4A7����C4<EF�B9�F><F�4G�CB<AG�����"47�G;8�9<E@
54F87�<GF�CEB7H6G<BA�6;B<68F�BA�6B@C4E4G<I8�47I4AG4:8	�<G�JBH?7�;4I8�FJ<G6;87
*?4AG���GB�FABJ5B4E7F�4A7�G;8A�*?4AG��	�FB�<G�6BH?7�;4I8�BC8E4G87�4G�4�CB<AG�FH6;�4F
���#G�JBH?7�58�CEB7H6<A:�@BE8�FABJ5B4E7F�4A7�@BE8�C4<EF�B9�F><FP4A7�HF<A:�G;8
F4@8�DH4AG<G<8F�B9�946GBEF�B9�CEB7H6G<BA�<G�J4F�HF<A:�4G�����"47�G;8�9<E@�54F87�<GF
CEB7H6G<BA�6;B<68F�BA�6B@C4E4G<I8�47I4AG4:8	�<G�JBH?7�;4I8�FJ<G6;87�*?4AG���GB
FABJ5B4E7F�4A7�G;8A�*?4AG��	�FB�<G�JBH?7�;4I8�BC8E4G87�4G�CB<AG����#G�JBH?7�58
CEB7H6<A:�@BE8�FABJ5B4E7F�4A7�@BE8�C4<EF�B9�F><FP4A7�HF<A:�G;8�F4@8�DH4AG<G<8F
B9�946GBEF�B9�CEB7H6G<BA�<G�J4F�HF<A:�4G�����1;8A�4A�86BAB@L�<F�BC8E4G<A:�BA�<GF
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8	�J8�F4L�G;4G�<G�<F�8A:4:<A:�<Aefficient production �� �
#9�<G�<F�HF<A:�G;8�F4@8�DH4AG<G<8F�B9�946GBEF�B9�CEB7H6G<BA�5HG�<F�BC8E4G<A:�<AF<78�<GF
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8	�<G�<F�8A:4:<A:�<Ainefficient production �� ��#A899<6<8AG
CEB7H6G<BA�<@C?<8F�G;4G�G;8�86BAB@L�6BH?7�58�CEB7H6<A:�@BE8�:BB7F�J<G;BHG�HF<A:
4AL�477<G<BA4?�?45BE	�64C<G4?	�BE�A4GHE4?�E8FBHE68F�

��� 1;8A�4A�86BAB@L�<F�BC8E4G<A:
BA�<GF�CEB7H6G<BA�CBFF<5<?<G<8F
6HEI8�

��� -<GH4G<BA�<A�J;<6;�G;8
86BAB@L�<F�HF<A:�G;8�F4@8
DH4AG<G<8F�B9�946GBEF�B9
CEB7H6G<BA�5HG�<F�BC8E4G<A:
<AF<78�<GF�CEB7H6G<BA
CBFF<5<?<G<8F�6HEI8�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����.;8�*EB7H6G<BA�*BFF<5<?<G<8F��HEI8 ��



�64A>2���� �336062:@�+2>?A?
�:2336062:@�%>;1A0@6;:

,52:�3.0@;>?�;3�<>;1A0@6;:�.>2
.88;0.@21�;:�.�/.?6?�;@52>�@5.:
0;9<.>.@6B2�.1B.:@.42��@52
>2?A8@�6?�6:2336062:@�<>;1A0@6;:�
(A<<;?2��8<6:2�(<;>@?�;<2>.@2?
@52�@5>22�<8.:@?�C2�2D.96:21�6:
�64A>2������%>;1A0@6;:
%;??6/686@62?�.@�)5>22�%8.:@?��
(A<<;?2�3A>@52>�@5.@�.88�@5>22
<8.:@?�.>2�12B;@21�2D08A?6B28E�@;
?76�<>;1A0@6;:��@52�36>9�;<2>.@2?
.@����#;C�?A<<;?2�@5.@��@;
6:0>2.?2�?:;C/;.>1�<>;1A0@6;:�
6@�@>.:?32>?�<8.:@?�6:�:A92>60.8
;>12>��%8.:@���36>?@��@52:�%8.:@���
.:1�36:.88E�%8.:@���)52�>2?A8@�6?
@52�/;C21�6:�0A>B2��������
%>;1A0@6;:�;:�@52�<>;1A0@6;:
<;??6/686@62?�0A>B2������>2=A6>2?
@5.@�3.0@;>?�;3�<>;1A0@6;:�/2
@>.:?32>>21�.00;>16:4�@;
0;9<.>.@6B2�.1B.:@.42�

*B<AGF�BA�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�G;HF�F4G<F9L
GJB�6BA7<G<BAF��G;8�86BAB@L�<F�@4><A:�9H??�HF8�B9�<GF
946GBEF�B9�CEB7H6G<BA	�4A7�<G�<F�@4><A:�899<6<8AG�HF8�B9
<GF�946GBEF�B9�CEB7H6G<BA��#9�G;8E8�4E8�<7?8�BE�<A899<6<8AG?L
4??B64G87�946GBEF�B9�CEB7H6G<BA	�G;8�86BAB@L�J<??
BC8E4G8�<AF<78�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8��.;HF	
G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�ABG�BA?L�F;BJF�J;4G
64A�58�CEB7H687��<G�CEBI<78F�<AF<:;G�<AGB�;BJ�:BB7F�4A7
F8EI<68F�F;BH?7�58�CEB7H687��#G�FH::8FGF�G;4G�GB�B5G4<A
899<6<8A6L�<A�CEB7H6G<BA	�946GBEF�B9�CEB7H6G<BA�F;BH?7�58
4??B64G87�BA�G;8�54F<F�B9�6B@C4E4G<I8�47I4AG4:8�
 HEG;8E	�G;8�86BAB@L�@HFG�@4>8�9H??�HF8�B9�<GF�946GBEF
B9�CEB7H6G<BA�<9�<G�<F�GB�CEB7H68�G;8�:BB7F�4A7�F8EI<68F�<G
<F�64C45?8�B9�CEB7H6<A:�

Specialization

.;8�CEB7H6G<BA�CBFF<5<?<G<8F�@B78?�FH::8FGF�G;4G
FC86<4?<M4G<BA�J<??�B66HE�Specialization �� <@C?<8F�G;4G
4A�86BAB@L�<F�CEB7H6<A:�G;8�:BB7F�4A7�F8EI<68F�<A
J;<6;�<G�;4F�4�6B@C4E4G<I8�47I4AG4:8��#9��?C<A8�-CBEGF
F8?86GF�CB<AG���<A <:HE8�������99<6<8AG�08EFHF�#A899<6<8AG
*EB7H6G<BA�	�9BE�8K4@C?8	�<G�J<??�4FF<:A�*?4AG��
8K6?HF<I8?L�GB�F><�CEB7H6G<BA�4A7�*?4AGF���4A7��
8K6?HF<I8?L�GB�FABJ5B4E7�CEB7H6G<BA�

-H6;�FC86<4?<M4G<BA�<F�GLC<64?�<A�4A�86BAB@<6�FLFG8@�
1BE>8EF	�9BE�8K4@C?8	�FC86<4?<M8�<A�C4EG<6H?4E�9<8?7F�<A
J;<6;�G;8L�;4I8�4�6B@C4E4G<I8�47I4AG4:8��*8BC?8�JBE>
4A7�HF8�G;8�<A6B@8�G;8L�84EA�GB�5HLPC8E;4CF
<@CBEGP:BB7F�4A7�F8EI<68F�9EB@�C8BC?8�J;B�;4I8�4
6B@C4E4G<I8�47I4AG4:8�<A�7B<A:�BG;8E�G;<A:F��.;8�E8FH?G
<F�4�94E�:E84G8E�DH4AG<GL�B9�:BB7F�4A7�F8EI<68F�G;4A
JBH?7�58�4I4<?45?8�J<G;BHG�G;<F�FC86<4?<M4G<BA�

.;<A>�45BHG�J;4G�?<98�JBH?7�58�?<>8�J<G;BHG�FC86<4?<M4G<BA��#@4:<A8�G;4G�LBH�4E8
FH778A?L�6B@C?8G8?L�6HG�B99�9EB@�G;8�E8FG�B9�G;8�86BAB@L��2BH�@HFG�CEB7H68
8I8ELG;<A:�LBH�6BAFH@8��LBH�B5G4<A�ABG;<A:�9EB@�4ALBA8�8?F8��1BH?7�LBH�58�45?8
GB�6BAFH@8�J;4G�LBH�6BAFH@8�ABJ���?84E?L�ABG��#G�<F�;4E7�GB�<@4:<A8�G;4G�@BFG�B9
HF�6BH?7�8I8A�FHEI<I8�<A�FH6;�4�F8GG<A:��.;8�:4<AF�J8�46;<8I8�G;EBH:;�FC86<4?<M4G<BA
4E8�8ABE@BHF���� -<GH4G<BA�<A�J;<6;�4A�86BAB@L

<F�CEB7H6<A:�G;8�:BB7F�4A7
F8EI<68F�<A�J;<6;�<G�;4F�4
6B@C4E4G<I8�47I4AG4:8�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����.;8�*EB7H6G<BA�*BFF<5<?<G<8F��HEI8 ��



(4G<BAF�FC86<4?<M8�4F�J8??��'H6;�B9�G;8�?4A7�<A�G;8�/A<G87�-G4G8F�;4F�4�6B@C4E4G<I8
47I4AG4:8�<A�4:E<6H?GHE4?�CEB7H6G<BA�4A7�<F�78IBG87�GB�G;4G�46G<I<GL��"BA:�%BA:	
J<G;�<GF�;H:8�CBCH?4G<BA�4A7�G<AL�8A7BJ@8AG�B9�?4A7	�4??B64G8F�I<EGH4??L�ABA8�B9�<GF
?4A7�GB�4:E<6H?GHE4?�HF8��G;4G�BCG<BA�JBH?7�58�GBB�6BFG?L��#GF�?4A7�<F�78IBG87�?4E:8?L
GB�ABA4:E<6H?GHE4?�HF8�

KEY TAKEAWAYS

N ��CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�F;BJF�G;8�6B@5<A4G<BAF�B9�GJB�:BB7F�4A
86BAB@L�<F�64C45?8�B9�CEB7H6<A:�

N .;8�7BJAJ4E7�F?BC8�B9�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�<F�4A
<@C?<64G<BA�B9�F64E6<GL�

N .;8�5BJ87
BHG�F;4C8�B9�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�E8FH?GF�9EB@
4??B64G<A:�E8FBHE68F�54F87�BA�6B@C4E4G<I8�47I4AG4:8��-H6;�4A
4??B64G<BA�<@C?<8F�G;4G�G;8�?4J�B9�<A6E84F<A:�BCCBEGHA<GL�6BFG�J<??�;B?7�

N �A�86BAB@L�G;4G�94<?F�GB�@4>8�9H??�4A7�899<6<8AG�HF8�B9�<GF�946GBEF�B9
CEB7H6G<BA�J<??�BC8E4G8�<AF<78�<GF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�

N -C86<4?<M4G<BA�@84AF�G;4G�4A�86BAB@L�<F�CEB7H6<A:�G;8�:BB7F�4A7
F8EI<68F�<A�J;<6;�<G�;4F�4�6B@C4E4G<I8�47I4AG4:8�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����.;8�*EB7H6G<BA�*BFF<5<?<G<8F��HEI8 ��



TRY IT !

-HCCBF8�4�@4AH946GHE<A:�9<E@�<F�8DH<CC87�GB�CEB7H68�E47<BF�BE�64?6H?4GBEF�
#G�;4F�GJB�C?4AGF	�*?4AG�,�4A7�*?4AG�-	�4G�J;<6;�<G�64A�CEB7H68�G;8F8�:BB7F�
!<I8A�G;8�?45BE�4A7�G;8�64C<G4?�4I4<?45?8�4G�5BG;�C?4AGF	�<G�64A�CEB7H68�G;8
6B@5<A4G<BAF�B9�G;8�GJB�:BB7F�4G�G;8�GJB�C?4AGF�F;BJA�

Output per day, Plant S

Combination Calculators Radios

� � 

� �� �

  �

*HG�64?6H?4GBEF�BA�G;8�I8EG<64?�4K<F�4A7�E47<BF�BA�G;8�;BE<MBAG4?�4K<F���E4J
G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�*?4AG�,��)A�4�F8C4E4G8�:E4C;	�7E4J�G;8
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�*?4AG�-��1;<6;�C?4AG�;4F�4�6B@C4E4G<I8
47I4AG4:8�<A�64?6H?4GBEF��#A�E47<BF��(BJ�7E4J�G;8�6B@5<A87�6HEI8F�9BE�G;8
GJB�C?4AGF��-HCCBF8�G;8�9<E@�786<78F�GB�CEB7H68���E47<BF��1;8E8�J<??�<G
CEB7H68�G;8@��"BJ�@4AL�64?6H?4GBEF�J<??�<G�58�45?8�GB�CEB7H68��1;8E8�J<??
<G�CEB7H68�G;8�64?6H?4GBEF�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����.;8�*EB7H6G<BA�*BFF<5<?<G<8F��HEI8 ��



Case in Point: The Cost of the Great Depression

�64A>2����


G��
�
��A<6@2>69.42?��;><;>.@6;:

.;8�/�-��86BAB@L�?BB>87�I8EL�;84?G;L�<A�G;8�58:<AA<A:�B9�������#G�;47�8A=BL87
F8I8A�L84EF�B9�7E4@4G<6�:EBJG;�4A7�HACE86878AG87�CEBFC8E<GL��#GF�E8FBHE68F
J8E8�9H??L�8@C?BL87��<G�J4F�BC8E4G<A:�DH<G8�6?BF8�GB�<GF�CEB7H6G<BA�CBFF<5<?<G<8F
6HEI8�

#A�G;8�FH@@8E�B9�����	�;BJ8I8E	�G;<A:F�FG4EG87�:B<A:�JEBA:��*EB7H6G<BA�4A7
8@C?BL@8AG�98??��.;8L�6BAG<AH87�GB�94??�9BE�F8I8E4?�L84EF���L�����	�@BE8�G;4A
����B9�G;8�A4G<BASF�JBE>8EF�;47�?BFG�G;8<E�=B5F��*EB7H6G<BA�;47�C?H@@8G87�5L
4?@BFG�����.;8�86BAB@L�;47�@BI87�J8??�J<G;<A�<GF�CEB7H6G<BA�CBFF<5<?<G<8F
6HEI8�

)HGCHG�58:4A�GB�:EBJ�49G8E�����	�5HG�G;8�86BAB@L�6BAG<AH87�GB�;4I8�I4FG
AH@58EF�B9�<7?8�JBE>8EF	�<7?8�946GBE<8F	�4A7�<7?8�94E@F��.;8F8�E8FBHE68F�J8E8
ABG�CHG�546>�GB�JBE>�9H??L�HAG<?�����	�49G8E�G;8�/�-��8AGEL�<AGB�1BE?7�14E�##
78@4A787�@B5<?<M4G<BA�B9�G;8�86BAB@LSF�946GBEF�B9�CEB7H6G<BA�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����.;8�*EB7H6G<BA�*BFF<5<?<G<8F��HEI8 ��



�8GJ88A������4A7�����	�G;8�86BAB@L�CEB7H687�����98J8E�:BB7F�4A7�F8EI<68F
G;4A�<G�JBH?7�;4I8�<9�<GF�E8FBHE68F�;47�588A�9H??L�8@C?BL87��.;4G�J4F�4�?BFF	
@84FHE87�<A�GB74LSF�7B??4EF	�B9�J8??�BI8E����GE<??<BA��#A�@4G8E<4?�G8E@F	�G;8
9BE:BA8�BHGCHG�E8CE8F8AG87�4�:E84G8E�6BFG�G;4A�G;8�/A<G87�-G4G8F�JBH?7
H?G<@4G8?L�FC8A7�<A�1BE?7�14E�##��.;8�!E84G��8CE8FF<BA�J4F�4�6BFG?L�8KC8E<8A68
<A7887�

ANSWER TO TRY IT !  PROBLEM

.;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8F�9BE�G;8�GJB�C?4AGF�4E8�F;BJA	�4?BA:�J<G;
G;8�6B@5<A87�6HEI8�9BE�5BG;�C?4AGF��*?4AG�,�;4F�4�6B@C4E4G<I8�47I4AG4:8�<A
CEB7H6<A:�64?6H?4GBEF��*?4AG�-�;4F�4�6B@C4E4G<I8�47I4AG4:8�<A�CEB7H6<A:
E47<BF	�FB	�<9�G;8�9<E@�:B8F�9EB@�CEB7H6<A:����64?6H?4GBEF�4A7�AB�E47<BF�GB
CEB7H6<A:���E47<BF	�<G�J<??�CEB7H68�G;8@�4G�*?4AG�-��#A�G;8�CEB7H6G<BA
CBFF<5<?<G<8F�6HEI8�9BE�5BG;�C?4AGF	�G;8�9<E@�JBH?7�58�4G�'	�CEB7H6<A:��
64?6H?4GBEF�4G�*?4AG�,�

�64A>2�����

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����.;8�*EB7H6G<BA�*BFF<5<?<G<8F��HEI8 �



2.3 Applications of the Production Possibilities Model
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Economic Growth
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The Sources of Economic Growth
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Year Percentage contribution to growth Period growth rate
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Year Percentage contribution to growth Period growth rate
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Waiting for Growth
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Arenas for Choice: A Comparison of Economic Systems
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Classifying Economic Systems
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Case in Point: The European Union and the Production
Possibilities Curve

�64A>2�����

G��
�
��A<6@2>69.42?��;><;>.@6;:

 BE@87�5L�G;8�'44FGE<6;G�.E84GL�B9�����	�.;8��HEBC84A�/A<BA�E8CE8F8AGF�BA8
B9�G;8�5B?78FG�899BEGF�B9�BHE�G<@8�GB�8KC?B<G�G;8�G;8BEL�B9�6B@C4E4G<I8
47I4AG4:8��.;8�.E84GL�FBH:;G�GB�8?<@<A4G8�4??�GE478�54EE<8EF�58GJ88A�G;8
�HEBC84A�/A<BASF�@8@58EF��#G�8FG45?<F;87�4��HEBC84A�*4E?<4@8AG�4A7�4
�HEBC84A��8AGE4?��4A>��.;8��4A>�<AGEB7H687�G;8�8HEB�<A�����	�4�6HEE8A6L�G;4G
E8C?4687�A4G<BA4?�6HEE8A6<8F�FH6;�4F�G;8�!8E@4A�78HGF6;8�@4E>�4A7�G;8� E8A6;
9E4A6���G�9<EFG	�G;8�8HEB�J4F�HF87�BA?L�9BE�GE4AF46G<BAF�58GJ88A�54A>F����
@<??<BA�C8BC?8�<A�����/�A4G<BAF���HFGE<4	��8?:<H@	��LCEHF	� <A?4A7	� E4A68	
!8E@4AL	�!E8868	�#E8?4A7	�#G4?L	�&HK8@5BHE:	�'4?G4	�G;8�(8G;8E?4A7F	�*BEGH:4?	
-?BI8A<4	�4A7�-C4<A��HF87�G;8�8HEB�5L�����1;<?8�G;8�7B??4E�6BAG<AH8F�GB�58
@BE8�J<78?L�HF87	�G;8�GBG4?�I4?H8�B9�8HEBF�<A�6<E6H?4G<BA�8K6887F�G;4G�B9�7B??4EF�

.;8�@BI8@8AG�GBJ4E7��HEBC84A�<AG8:E4G<BA�64A�58�74G87�546>�@BE8�G;4A�;4?9
4�68AGHEL��#A����	�=HFG�9<I8�L84EF�49G8E�4�J4E�G;4G�;47�78I4FG4G87�@H6;�B9�G;8
JBE?7	�,B58EG�-6;H@4A	�G;8� E8A6;�'<A<FG8E�B9� BE8<:A��994<EF	�CEBCBF87�4
HA<BA�58GJ88A� E4A68�4A7�!8E@4AL�GB�6BBC8E4G8�<A�G;8�CEB7H6G<BA�B9�<EBA�4A7
FG88?��#A�G;8�6BAG8KG�B9�G;8�G<@8	�-6;H@4ASF�CEBCBF4?�J4F�4�E47<64?�BA8��1BE?7
14E�##�;47�58:HA�J<G;�!8E@4ALSF�4GG8@CG�GB�F8<M8�6BAGEB?�B9��HEBC8P4A7

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

�����CC?<64G<BAF�B9�G;8�*EB7H6G<BA�*BFF<5<?<G<8F�'B78? ��



H?G<@4G8?L�G;8�JBE?7��$4C4A�4A7�#G4?L�=B<A87�!8E@4AL�<A�G;<F�899BEG��!8E@4AL
;47�64CGHE87� E4A68�� E4A68�;47�588A�?<58E4G87�<A������5L�G;8��??<87�<AI4F<BA
<A�(BE@4A7L��.;8�CEBCBF4?�9BE�6BBC8E4G<BA�58GJ88A�GJB�6BHAGE<8F�G;4G�;47
588A�G;8�@BFG�5<GG8E�B9�8A8@<8F�J4F�4�E8IB?HG<BA4EL�BA8��-6;H@4ASF�FC886;	
78?<I8E87�BA�'4L��	����	�<F�68?85E4G87�G;EBH:;BHG��HEBC8�4F�Q�HEBC8��4L�R

#A�89986G	�G;8��HEBC84A�/A<BA�;4F�6E84G87�4A�8AG<GL�I8EL�@H6;�?<>8�G;8�/A<G87
-G4G8F���BHAGE<8F�J<G;<A�G;8��HEBC84A�/A<BA�E8G4<A�G;8<E�BJA�?4A:H4:8F�4A7
6H?GHE4?�7<998E8A68F	�5HG�G;8L�;4I8�68787�4�E8@4E>45?8�78:E88�B9�FBI8E8<:AGL�GB
G;8�/A<BA��'8@58EF�B9�G;8��HEBC84A�/A<BA�64A�GE478�4F�9E88?L�J<G;�846;�BG;8E
4F�64A�FG4G8F�J<G;<A�G;8�/A<G87�-G4G8F��$HFG�4F�G;8�/�-���BAFG<GHG<BA�CEB;<5<GF
FG4G8F�9EB@�E8FGE<6G<A:�GE478�J<G;�BG;8E�FG4G8F	�G;8��HEBC84A�/A<BA�;4F
7<F@4AG?87�4??�9BE@F�B9�E8FGE<6G<BAF�G;4G�6BHAGE<8F�J<G;<A�G;8�/A<BA�HF87�GB
<@CBF8�BA�BA8�4ABG;8E��$HFG�4F�E8FGE<6G<BAF�BA�FC86<4?<M4G<BA�4@BA:�'F��,L78ESF
C?4AGF�<A��?C<A8�-CBEGF�JBH?7�;4I8�9BE687�<G�GB�BC8E4G8�<AF<78�<GF�CEB7H6G<BA
CBFF<5<?<G<8F�6HEI8	�E8FGE<6G<BAF�G;4G�;47�8K<FG87�4@BA:�@8@58EF�B9�G;8
�HEBC84A�/A<BA�BA68�CHG�G;8�@8@58EF�B9�G;8�/A<BA�<AF<78�G;8<E�6B??86G<I8
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�

.;8�8KC8E<@8AG�4CC84EF�GB�;4I8�588A�4�FH668FF��.E478�4@BA:�@8@58E�A4G<BAF
;4F�8KC4A787�F;4EC?L����FGH7L�5L��4E@8A��<4M�'BE4	�4A�86BAB@<FG�4G�G;8
/A<I8EF<GL�B9��4FG<??4
&4�'4A6;4�<A�-C4<A	�9BHA7�G;4G�G;8�5H?>�B9�G;8�8KC4A787
GE478�J<G;<A�G;8�/A<BA�J4F�GE478�J<G;<A�<A7HFGE<8F�4A7�G;4G�<G�J4F�7E<I8A�5L
6B@C4E4G<I8�47I4AG4:8��#A�C4EG<6H?4E	�F;8�9BHA7�G;4G�6BHAGE<8F�<A�G;8�ABEG;8EA
C4EG�B9�G;8�/A<BA	�FH6;�4F� E4A68�4A7�!8E@4AL	�G8A787�GB�FC86<4?<M8�<A
E8?4G<I8?L�;<:;
I4?H87�:BB7FPB99<68�8DH<C@8AG�4A7�8?86GE<64?�:BB7FPJ;<?8
6BHAGE<8F�<A�G;8�FBHG;8EA�C4EG�B9�G;8�/A<BA�FC86<4?<M87�<A�E8?4G<I8?L�?BJ
I4?H87
:BB7F�FH6;�4F�9BB7�4A7�G8KG<?8�CEB7H6GF��#A�GE478�J<G;<A�G;8�6?BG;<A:�<A7HFGEL	
6BHAGE<8F�FH6;�4F�#G4?L�G8A7�GB�FC86<4?<M8�<A�G;8�CEB7H6G<BA�B9�;<:;8E
I4?H87
6?BG;<A:	�J;<?8�?BJ8E
<A6B@8�6BHAGE<8F�FH6;�4F�*BEGH:4?�FC86<4?<M8�<A�G;8
CEB7H6G<BA�B9�6;84C8E�6?BG;<A:��#A�FC4E>?<A:�J<A8F	� E4A68�FC86<4?<M8F�<A�G;8
;<:;8E
DH4?<GL�8A7�B9�G;8�FC86GEH@	�J;<?8�-C4<A�FC86<4?<M8F�<A�G;8�?BJ
DH4?<GL
8A7��-<@<?4E?L	�!8E@4AL�FC86<4?<M8F�<A�G;8�CEB7H6G<BA�B9�;<:;8E
DH4?<GL�64EF
J;<?8�-C4<A�FC86<4?<M8F�<A�?BJ8E
DH4?<GL�I8;<6?8F��-<@<?4E�8K6;4A:8F�B66HE
46EBFF�4�J<78�E4A:8�B9�:BB7F�4A7�F8EI<68F�

�<4M�'BE4�9BHA7�G;4G�6B@C4E4G<I8�47I4AG4:8�G8A787�GB�6BEE8FCBA7�GB�<A6B@8
?8I8?F���BHAGE<8F�<A�G;8�ABEG;8EA�C4EG�B9�G;8��HEBC84A�/A<BA�G8A7�GB�;4I8�;<:;
C8E�64C<G4�<A6B@8F�4A7�;<:;�?8I8?F�B9�;H@4A�64C<G4?�4A7�G86;AB?B:LPG;8F8
6BHAGE<8F�:4<A87�5L�FC86<4?<M<A:�<A�G;8�CEB7H6G<BA�B9�;<:;
I4?H87�:BB7F�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

�����CC?<64G<BAF�B9�G;8�*EB7H6G<BA�*BFF<5<?<G<8F�'B78? ��



�BHAGE<8F�<A�G;8�FBHG;8EA�C4EG�B9�G;8�/A<BA�4?FB�:4<A87�5L�FC86<4?<M4G<BAP<A
G;8�CEB7H6G<BA�B9�?BJ
I4?H87�:BB7F��.;<F�FC86<4?<M4G<BA�;4F�<A6E84F87�G;8
J8?94E8�B9�C8BC?8�G;EBH:;BHG�G;8�/A<BA�

-BHE68F���4E@8A��<4M�'BE4	�Q.;8�,B?8�B9��B@C4E4G<I8��7I4AG4:8�<A�.E478
1<G;<A�#A7HFGE<8F����*4A8?��4G4��CCEB46;�9BE�G;8��HEBC84A�/A<BA	R
,28@C6>@?05.3@86052?��>056B����������	����O����

ANSWER TO TRY IT !  PROBLEM

2BHE�9<EFG�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�F;BH?7�E8F8@5?8�G;8�BA8�<A�*4A8?
�4���-G4EG<A:�4G�CB<AG��	�4A�<A6E84F8�<A�=46>8G�CEB7H6G<BA�E8DH<E8F�4�@BI8
7BJA�4A7�GB�G;8�E<:;G�4?BA:�G;8�6HEI8	�4F�F;BJA�5L�G;8�4EEBJ	�4A7�G;HF�4
E87H6G<BA�<A�G;8�CEB7H6G<BA�B9����C?4L8EF���?G8EA4G<I8?L	�<9�G;8E8�<F�86BAB@<6
:EBJG;	�<G�F;<9GF�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�BHGJ4E7	�4F�<A�*4A8?��5��
.;<F�F;<9G�4??BJF�4A�<A6E84F8�<A�CEB7H6G<BA�B9�5BG;�:BB7F	�4F�FH::8FG87�5L
G;8�4EEBJ�

�64A>2�����

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

�����CC?<64G<BAF�B9�G;8�*EB7H6G<BA�*BFF<5<?<G<8F�'B78? ��



2.4 Review and Practice

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

��



Summary

�6BAB@<6F�784?F�J<G;�6;B<68F��#A�G;<F�6;4CG8E�J8�;4I8�8K4@<A87�@BE8�64E89H??L�G;8�E4A:8�B9�6;B<68F�<A
CEB7H6G<BA�G;4G�@HFG�58�@478�<A�4AL�86BAB@L��#A�C4EG<6H?4E	�J8�?BB>87�4G�6;B<68F�<AIB?I<A:�G;8�4??B64G<BA�B9�4A
86BAB@LSF�946GBEF�B9�CEB7H6G<BA��?45BE	�64C<G4?	�4A7�A4GHE4?�E8FBHE68F�

#A�477<G<BA	�<A�4AL�86BAB@L	�G;8�?8I8?�B9�G86;AB?B:L�C?4LF�4�>8L�EB?8�<A�78G8E@<A<A:�;BJ�CEB7H6G<I8�G;8�946GBEF
B9�CEB7H6G<BA�J<??�58��#A�4�@4E>8G�86BAB@L	�8AGE8CE8A8HEF�BE:4A<M8�946GBEF�B9�CEB7H6G<BA�4A7�46G�GB�<AGEB7H68
G86;AB?B:<64?�6;4A:8�

.;8�CEB7H6G<BA�CBFF<5<?<G<8F�@B78?�<F�4�78I<68�G;4G�4FF<FGF�HF�<A�G;<A><A:�45BHG�@4AL�B9�G;8�6;B<68F�45BHG
E8FBHE68�4??B64G<BA�<A�4A�86BAB@L��.;8�@B78?�4FFH@8F�G;4G�G;8�86BAB@L�;4F�946GBEF�B9�CEB7H6G<BA�G;4G�4E8�9<K87
<A�5BG;�DH4AG<GL�4A7�DH4?<GL��1;8A�<??HFGE4G87�:E4C;<64??L	�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�@B78?�GLC<64??L�?<@<GF�BHE
4A4?LF<F�GB�GJB�:BB7F��!<I8A�G;8�86BAB@LSF�946GBEF�B9�CEB7H6G<BA�4A7�G86;AB?B:L	�G;8�86BAB@L�64A�CEB7H68
I4E<BHF�6B@5<A4G<BAF�B9�G;8�GJB�:BB7F��#9�<G�HF8F�<GF�946GBEF�B9�CEB7H6G<BA�899<6<8AG?L�4A7�;4F�9H??�8@C?BL@8AG	�<G
J<??�58�BC8E4G<A:�BA�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�

.JB�6;4E46G8E<FG<6F�B9�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�4E8�C4EG<6H?4E?L�<@CBEG4AG�� <EFG	�<G�<F�7BJAJ4E7
F?BC<A:��.;<F�E89?86GF�G;8�F64E6<GL�B9�G;8�946GBEF�B9�CEB7H6G<BA�4I4<?45?8�GB�G;8�86BAB@L��CEB7H6<A:�@BE8�B9�BA8
:BB7�E8DH<E8F�:<I<A:�HC�FB@8�B9�G;8�BG;8E��-86BA7	�G;8�6HEI8�<F�5BJ87�BHG���ABG;8E�J4L�B9�F4L<A:�G;<F�<F�GB�F4L
G;4G�G;8�6HEI8�:8GF�FG88C8E�4F�J8�@BI8�9EB@�?89G�GB�E<:;G��G;8�45FB?HG8�I4?H8�B9�<GF�F?BC8�<F�<A6E84F<A:��*EB7H6<A:
846;�477<G<BA4?�HA<G�B9�G;8�:BB7�BA�G;8�;BE<MBAG4?�4K<F�E8DH<E8F�4�:E84G8E�F46E<9<68�B9�G;8�:BB7�BA�G;8�I8EG<64?
4K<F�G;4A�7<7�G;8�CE8I<BHF�HA<GF�CEB7H687��.;<F�946G	�64??87�G;8�?4J�B9�<A6E84F<A:�BCCBEGHA<GL�6BFG	�<F�G;8
<A8I<G45?8�E8FH?G�B9�899<6<8AG�6;B<68F�<A�CEB7H6G<BAP6;B<68F�54F87�BA�6B@C4E4G<I8�47I4AG4:8�

.;8�CEB7H6G<BA�CBFF<5<?<G<8F�@B78?�;4F�<@CBEG4AG�<@C?<64G<BAF�9BE�<AG8EA4G<BA4?�GE478��#G�FH::8FGF�G;4G�9E88�GE478
J<??�4??BJ�6BHAGE<8F�GB�FC86<4?<M8�<A�G;8�CEB7H6G<BA�B9�:BB7F�4A7�F8EI<68F�<A�J;<6;�G;8L�;4I8�4�6B@C4E4G<I8
47I4AG4:8��.;<F�FC86<4?<M4G<BA�<A6E84F8F�G;8�CEB7H6G<BA�B9�4??�:BB7F�4A7�F8EI<68F�

#A6E84F<A:�G;8�DH4AG<GL�BE�DH4?<GL�B9�946GBEF�B9�CEB7H6G<BA�4A7�BE�<@CEBI<A:�G86;AB?B:L�J<??�F;<9G�G;8
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�BHGJ4E7��.;<F�CEB68FF�<F�64??87�86BAB@<6�:EBJG;��#A�G;8�?4FG���L84EF	�86BAB@<6
:EBJG;�<A�G;8�/A<G87�-G4G8F�;4F�E8FH?G87�6;<89?L�9EB@�<A6E84F8F�<A�;H@4A�64C<G4?�4A7�9EB@�G86;AB?B:<64?
47I4A68�

�;B<68F�6BA68EA<A:�G;8�HF8�B9�F64E68�E8FBHE68F�G4>8�C?468�J<G;<A�G;8�6BAG8KG�B9�4�F8G�B9�<AFG<GHG<BA4?
4EE4A:8@8AGF�G;4G�789<A8�4A�86BAB@<6�FLFG8@��.;8�CE<A6<C4?�7<FG<A6G<BAF�58GJ88A�FLFG8@F�?<8�<A�G;8�78:E88�GB
J;<6;�BJA8EF;<C�B9�64C<G4?�4A7�A4GHE4?�E8FBHE68F�4A7�786<F<BA�@4><A:�4HG;BE<GL�BI8E�F64E68�E8FBHE68F�4E8�;8?7
5L�:BI8EA@8AG�BE�5L�CE<I4G8�<A7<I<7H4?F���6BAB@<6�FLFG8@F�<A6?H78�@4E>8G�64C<G4?<FG	�@<K87	�4A7�6B@@4A7

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��



FB6<4?<FG�86BAB@<8F���A�<A6E84F<A:�5B7L�B9�8I<78A68�FH::8FGF�G;4G�@4E>8G�64C<G4?<FG�86BAB@<8F�G8A7�GB�58�@BFG
CEB7H6G<I8��@4AL�6B@@4A7�FB6<4?<FG�4A7�@<K87�86BAB@<8F�4E8�@BI<A:�<A�G;8�7<E86G<BA�B9�@4E>8G�64C<G4?<FG
FLFG8@F�

.;8�CE8FH@CG<BA�<A�94IBE�B9�@4E>8G
54F87�FLFG8@F�7B8F�ABG�CE86?H78�4�EB?8�9BE�:BI8EA@8AG��!BI8EA@8AG�<F
A868FF4EL�GB�CEBI<78�G;8�FLFG8@�B9�?4JF�BA�J;<6;�@4E>8G�FLFG8@F�4E8�9BHA787��#G�@4L�4?FB�58�HF87�GB�CEBI<78
68EG4<A�:BB7F�4A7�F8EI<68F	�GB�;8?C�<A7<I<7H4?F�<A�A887	�4A7�GB�E8:H?4G8�G;8�46G<BAF�B9�<A7<I<7H4?F�4A7�9<E@F�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��



CONCEPT PROBLEMS

�� "BJ�7B8F�4�6B??8:8�87H64G<BA�<A6E84F8�BA8SF�;H@4A�64C<G4?�
�� 1;L�7B8F�G;8�7BJAJ4E7
F?BC<A:�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�<@C?L

G;4G�946GBEF�B9�CEB7H6G<BA�4E8�F64E68�
�� #A�J;4G�J4LF�4E8�G;8�5BJ87
BHG�F;4C8�B9�G;8�CEB7H6G<BA�CBFF<5<?<G<8F

6HEI8�4A7�G;8�?4J�B9�<A6E84F<A:�BCCBEGHA<GL�6BFG�E8?4G87�
�� 1;4G�<F�G;8�E8?4G<BAF;<C�58GJ88A�G;8�6BA68CG�B9�6B@C4E4G<I8�47I4AG4:8

4A7�G;8�?4J�B9�<A6E84F<A:�BCCBEGHA<GL�6BFG�
�� -HCCBF8�4A�86BAB@L�64A�CEB7H68�GJB�:BB7F	���4A7����#G�<F�ABJ

BC8E4G<A:�4G�CB<AG���BA�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�,.���A
<@CEBI8@8AG�<A�G;8�G86;AB?B:L�4I4<?45?8�GB�CEB7H68�:BB7���F;<9GF�G;8
6HEI8�GB�-.	�4A7�G;8�86BAB@L�F8?86GF�CB<AG�����"BJ�7B8F�G;<F�6;4A:8
49986G�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�4A�477<G<BA4?�HA<G�B9�:BB7���

�64A>2�����

�� �BH?7�4�A4G<BASF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�8I8E�F;<9G�<AJ4E7�
�KC?4<A�J;4G�FH6;�4�F;<9G�JBH?7�@84A	�4A7�7<F6HFF�8I8AGF�G;4G�@<:;G
64HF8�FH6;�4�F;<9G�GB�B66HE�

�� -HCCBF8�5?H8
8L87�C8BC?8�J8E8�54AA87�9EB@�JBE><A:��"BJ�JBH?7�G;<F
49986G�4�A4G<BASF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��



�� �I4?H4G8�G;<F�FG4G8@8AG��Q.;8�/�-��86BAB@L�6BH?7�46;<8I8�:E84G8E
:EBJG;�5L�78IBG<A:�98J8E�E8FBHE68F�GB�6BAFH@CG<BA�4A7�@BE8�GB
<AI8FG@8AG��<G�9B??BJF�G;4G�FH6;�4�F;<9G�JBH?7�58�78F<E45?8�R

�� .JB�6BHAGE<8F	�-CBEGF?4A7�4A7� BB7?4A7	�;4I8�F<@<?4E�GBG4?�DH4AG<G<8F�B9
?45BE	�64C<G4?	�4A7�A4GHE4?�E8FBHE68F���BG;�64A�CEB7H68�GJB�:BB7F	�9<:F
4A7�9BBG54??F��-CBEGF?4A7SF�E8FBHE68F�4E8�C4EG<6H?4E?L�J8??�FH<G87�GB�G;8
CEB7H6G<BA�B9�9BBG54??F�5HG�4E8�ABG�I8EL�CEB7H6G<I8�<A�CEB7H6<A:�9<:F�
 BB7?4A7SF�E8FBHE68F�4E8�I8EL�CEB7H6G<I8�J;8A�HF87�9BE�9<:F�5HG�4E8�ABG
64C45?8�B9�CEB7H6<A:�@4AL�9BBG54??F��#A�J;<6;�6BHAGEL�<F�G;8�6BFG�B9
477<G<BA4?�9BBG54??F�:8A8E4??L�:E84G8E���KC?4<A�

�� -HCCBF8�4�6BHAGEL�<F�6B@@<GG87�GB�HF<A:�<GF�E8FBHE68F�54F87�BA�G;8
E8I8EF8�B9�6B@C4E4G<I8�47I4AG4:8�7B6GE<A8��<G�9<EFG�GE4AF98EF�G;BF8
E8FBHE68F�9BE�J;<6;�G;8�6BFG�<F�:E84G8FG	�ABG�?BJ8FG���8F6E<58�G;<F
6BHAGELSF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�

��� .;8�/�-���BAFG<GHG<BA�54AF�FG4G8F�9EB@�E8FGE<6G<A:�<@CBEGF�B9�:BB7F�4A7
F8EI<68F�9EB@�BG;8E�FG4G8F��-HCCBF8�G;<F�E8FGE<6G<BA�7<7�ABG�8K<FG�4A7
G;4G�FG4G8F�J8E8�4??BJ87�GB�?<@<G�<@CBEGF�B9�:BB7F�4A7�F8EI<68F�CEB7H687
<A�BG;8E�FG4G8F��"BJ�7B�LBH�G;<A>�G;<F�JBH?7�49986G�/�-��BHGCHG���KC?4<A�

��� �L�����	�A4G<BAF�<A�G;8��HEBC84A�/A<BA���/��;47�8?<@<A4G87�4??�54EE<8EF
GB�G;8�9?BJ�B9�:BB7F	�F8EI<68F	�?45BE	�4A7�64C<G4?�46EBFF�G;8<E�5BE78EF�
�I8A�FH6;�G;<A:F�4F�6BAFH@8E�CEBG86G<BA�?4JF�4A7�G;8�GLC8F�B9�C?H:F
E8DH<E87�GB�C?H:�<A�4CC?<4A68F�;4I8�588A�FG4A74E7<M87�GB�8AFHE8�G;4G
G;8E8�J<??�58�AB�54EE<8EF�GB�GE478��"BJ�7B�LBH�G;<A>�G;<F�8?<@<A4G<BA�B9
GE478�54EE<8EF�49986G87��/�BHGCHG�

��� "BJ�7<7�G;8�G86;AB?B:<64?�6;4A:8F�78F6E<587�<A�G;8��4F8�<A�*B<AG
Q.86;AB?B:L��HGF��BFGF	��BBFGF�*EB7H6G<I<GL�4A7�*EB9<GFR�49986G�G;8
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�G;8�/A<G87�-G4G8F�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 �



NUMERICAL PROBLEMS

�� (4G;4A�64A�@BJ�9BHE�?4JAF�<A�4�74L�BE�C?4AG���GE88F�<A�4�74L�

�� �E4J�(4G;4ASF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�@BJ<A:
?4JAF�4A7�C?4AG<A:�GE88F���FFH@8�G;8�CEB7H6G<BA�CBFF<5<?<G<8F
6HEI8�<F�?<A84E�4A7�CHG�G;8�DH4AG<GL�B9�?4JAF�@BJ87�C8E�74L
BA�G;8�;BE<MBAG4?�4K<F�4A7�G;8�DH4AG<GL�B9�GE88F�C?4AG87�C8E
74L�BA�G;8�I8EG<64?�4K<F�

�� 1;4G�<F�(4G;4ASF�BCCBEGHA<GL�6BFG�B9�C?4AG<A:�GE88F�
�� 1;4G�<F�(4G;4ASF�BCCBEGHA<GL�6BFG�B9�@BJ<A:�?4JAF�

�� �4I<7�64A�@BJ�9BHE�?4JAF�<A�4�74L�BE�C?4AG�9BHE�GE88F�<A�4�74L�

�� �E4J��4I<7SF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�@BJ<A:
?4JAF�4A7�C?4AG<A:�GE88F���:4<A	�4FFH@8�4�?<A84E�CEB7H6G<BA
CBFF<5<?<G<8F�6HEI8�4A7�CHG�G;8�DH4AG<GL�B9�?4JAF�@BJ87�C8E
74L�BA�G;8�;BE<MBAG4?�4K<F�

�� 1;4G�<F��4I<7SF�BCCBEGHA<GL�6BFG�B9�C?4AG<A:�GE88F�
�� 1;4G�<F��4I<7SF�BCCBEGHA<GL�6BFG�B9�@BJ<A:�?4JAF�

�� !<I8A�G;8�CEB7H6G<BA�<A9BE@4G<BA�<A�CEB5?8@F���4A7���45BI8	�J;B�;4F
G;8�6B@C4E4G<I8�47I4AG4:8�<A�C?4AG<A:�GE88F��'BJ<A:�?4JAF�

�� .;8�8K;<5<GF�58?BJ�78F6E<58�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�9BE
!8E@4AL�4A7�.HE>8L�

�64A>2�����

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��



�64A>2����


�� 1;4G�<F�G;8�F?BC8�B9�!8E@4ALSF�CEB7H6G<BA�CBFF<5<?<G<8F
6HEI8�

�� 1;4G�<F�G;8�F?BC8�B9�.HE>8LSF�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�
�� 1;4G�<F�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�.
F;<EGF�<A

!8E@4AL�
�� 1;4G�<F�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�.
F;<EGF�<A

.HE>8L�
�� 1;4G�<F�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�BCG<64?

<AFGEH@8AGF�<A�!8E@4AL�
�� 1;4G�<F�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�BCG<64?

<AFGEH@8AGF�<A�.HE>8L�
�� #A�J;<6;�:BB7�7B8F�!8E@4AL�;4I8�4�6B@C4E4G<I8�47I4AG4:8�
�� #A�J;<6;�:BB7�7B8F�.HE>8L�;4I8�4�6B@C4E4G<I8�47I4AG4:8�

�� .;8�A4G<BA�B9�&8<FHE8?4A7�64A�CEB7H68�GJB�:BB7F	�5<6L6?8F�4A7
5BJ?<A:�54??F��.;8�J8FG8EA�E8:<BA�B9�&8<FHE8?4A7�64A	�<9�<G�78IBG8F
4??�<GF�E8FBHE68F�GB�5<6L6?8�CEB7H6G<BA	�CEB7H68���5<6L6?8F�C8E
@BAG;���?G8EA4G<I8?L	�<G�6BH?7�78IBG8�4??�<GF�E8FBHE68F�GB�5BJ?<A:
54??F�4A7�CEB7H68���C8E�@BAG;PBE�<G�6BH?7�CEB7H68�4AL
6B@5<A4G<BA�B9�5<6L6?8F�4A7�5BJ?<A:�54??F�?L<A:�BA�4�FGE4<:;G�?<A8
58GJ88A�G;8F8�GJB�8KGE8@8F�

�� �E4J�4�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�J8FG8EA
&8<FHE8?4A7��J<G;�5<6L6?8F�BA�G;8�I8EG<64?�4K<F��

�� 1;4G�<G�<F�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�4A�477<G<BA4?
5BJ?<A:�54??�@84FHE87�<A�G8E@F�B9�9BE:BA8�5<6L6?8F�<A
J8FG8EA�&8<FHE8?4A7�

�� -HCCBF8�G;4G�84FG8EA�&8<FHE8?4A7�64A	�<9�<G�78IBG8F�4??�<GF
E8FBHE68F�GB�G;8�CEB7H6G<BA�B9�5<6L6?8F	�CEB7H68����#9�<G
78IBG8F�4??�<GF�E8FBHE68F�GB�5BJ?<A:�54??�CEB7H6G<BA	�G;BH:;	
<G�64A�CEB7H68�BA?L�����E4J�G;8�CEB7H6G<BA�CBFF<5<?<G<8F
6HEI8�9BE�84FG8EA�&8<FHE8?4A7��4:4<A	�4FFH@8�<G�<F�?<A84E�4A7
CHG�5<6L6?8F�BA�G;8�I8EG<64?�4K<F��

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��



�� 1;4G�<F�G;8�BCCBEGHA<GL�6BFG�B9�CEB7H6<A:�4A�477<G<BA4?
5BJ?<A:�54??�@84FHE87�<A�G8E@F�B9�9BE:BA8�5<6L6?8F�<A
84FG8EA�&8<FHE8?4A7�

�� �KC?4<A�G;8�7<998E8A68�<A�BCCBEGHA<GL�6BFG�58GJ88A�J8FG8EA
4A7�84FG8EA�&8<FHE8?4A7��1;<6;�E8:<BA�;4F�4�6B@C4E4G<I8
47I4AG4:8�<A�CEB7H6<A:�5BJ?<A:�54??F���<6L6?8F�

�� �E4J�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�&8<FHE8?4A7	�BA8
G;4G�6B@5<A8F�G;8�6HEI8F�9BE�J8FG8EA�4A7�84FG8EA
&8<FHE8?4A7�

�� -HCCBF8�<G�<F�78G8E@<A87�G;4G���5<6L6?8F�@HFG�58�CEB7H687�
"BJ�@4AL�5BJ?<A:�54??F�64A�58�CEB7H687�

�� 1;8E8�J<??�G;8F8�:BB7F�58�CEB7H687�

�� .;8�G45?8�58?BJ�F;BJF�G;8�CEB7H6G<BA�CBFF<5<?<G<8F�F6;87H?8�9BE
4A�86BAB@L�

Production
Alternatives

Capital goods per
period

Consumer goods per
period

�  �

� � ��

� � ��

� � ��

� � 

�� *HGG<A:�64C<G4?�:BB7F�C8E�C8E<B7�BA�G;8�;BE<MBAG4?�4K<F�4A7
6BAFH@8E�:BB7F�C8E�C8E<B7�BA�G;8�I8EG<64?�4K<F	�:E4C;�G;8
CEB7H6G<BA�CBFF<5<?<G<8F�6HEI8�9BE�G;8�86BAB@L�

�� #9�G;8�86BAB@L�<F�CEB7H6<A:�4G�4?G8EA4G<I8��	�J;4G�<F�G;8
BCCBEGHA<GL�6BFG�GB�<G�B9�CEB7H6<A:�4G�4?G8EA4G<I8���<AFG847�

�� #9�G;8�86BAB@L�<F�CEB7H6<A:�4G�4?G8EA4G<I8��	�J;4G�<F�G;8
BCCBEGHA<GL�6BFG�GB�<G�B9�CEB7H6<A:�4G�4?G8EA4G<I8���<AFG847�

�� #F�<G�CBFF<5?8�9BE�G;<F�86BAB@L�GB�CEB7H68���HA<GF�B9
6BAFH@8E�:BB7F�C8E�C8E<B7�J;<?8�CEB7H6<A:���HA<G�B9�64C<G4?
:BB7F��1BH?7�G;<F�6B@5<A4G<BA�B9�:BB7F�E8CE8F8AG�899<6<8AG
BE�<A899<6<8AG�CEB7H6G<BA���KC?4<A�

�� 1;<6;�CB<AG	���BE��	�JBH?7�?847�GB�;<:;8E�86BAB@<6�:EBJG;�
�KC?4<A�LBHE�4AFJ8E�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��



�� .;8�8K;<5<G�58?BJ�F;BJF�G;8�FBHE68F�B9�:EBJG;�<A�G;8�/A<G87
-G4G8F�58GJ88A�����4A7������4A7�58GJ88A�����4A7�����	
466BE7<A:�GB�4�FGH7L�5L��7J4E7��8A<FBA��7J4E7��8A<FBA	)52
(;A>02?�;3��0;:;960��>;C@5�6:�@52�*:6@21�(@.@2?�(8J�2BE>�
�B@@<GG88�9BE��6BAB@<6��8I8?BC@8AG	�������4A7��7J4E7
�8A<FBA	)>2:1?�6:��92>60.:��>;C@5�����H���� �14F;<A:GBA	������
�EBB><A:F�#AFG<GHG<BAF	��������(BG8��.;8�FBHE68F�B9�86BAB@<6
:EBJG;�4E8�6H@H?4G<I8�4A7	�G4>8A�6B??86G<I8?L	�8KC?4<A����B9
GBG4?�:EBJG;�BI8E�G;8�C8E<B7��

�64A>2�����

�� �CCEBK<@4G8?L�J;4G�C8E68AG4:8�B9�/�-��:EBJG;�58GJ88A����
4A7������J4F�7H8�GB�<A6E84F8F�<A�DH4AG<G<8F�B9�946GBEF�B9
CEB7H6G<BA�

�� �CCEBK<@4G8?L�J;4G�C8E68AG4:8�B9�/�-��:EBJG;�58GJ88A����
4A7������J4F�7H8�GB�<A6E84F8F�<A�DH4?<GL�B9�946GBEF�B9
CEB7H6G<BA�4A7�G86;AB?B:<64?�<@CEBI8@8AG�

�� �CCEBK<@4G8?L�J;4G�C8E68AG4:8�B9�/�-��:EBJG;�58GJ88A����
4A7������J4F�7H8�GB�<A6E84F8F�<A�DH4AG<G<8F�B9�946GBEF�B9
CEB7H6G<BA�

�� �CCEBK<@4G8?L�J;4G�C8E68AG4:8�B9�/�-��:EBJG;�58GJ88A����
4A7������J4F�7H8�GB�<A6E84F8F�<A�DH4?<GL�B9�946GBEF�B9
CEB7H6G<BA�4A7�G86;AB?B:<64?�<@CEBI8@8AG�

�;4CG8E����BA9EBAG<A:�-64E6<GL���;B<68F�<A�*EB7H6G<BA

����,8I<8J�4A7�*E46G<68 ��


	Licensing
	Chapter 2 Confronting Scarcity: Choices in Production
	2.1 Factors of Production
	2.2 The Production Possibilities Curve
	2.3 Applications of the Production Possibilities Model
	2.4 Review and Practice


