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Answers to Problem Set 2

Problem 2.12 Both
���������
	��

and
�
����������������	��

correspondto thesameshadedregion in the following
Venndiagram:
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Problem 2.16 Noticethat for any sets� and � , onehas ����� � � , andthus
� � � � ��� �
��� . This formula,andits

dual
� � � � ��� ����� , arecalledabsorption laws. By absorption,theterm

������	 ���!���"�#����	��
simplifiesto

����	
.

Also by absorption,
�#�����#	$�%�!�&�'�(�

simplifiesto
�

. Sothewholeexpressionsimplifiesto
�#� �(	)�*�%�

, which
furthersimplifiesto

	+���
.

Problem 2.17 Thereareseveralwaysto organizethisproof. I’ ll show thatif (a)holdsthensodo theotherthreeparts,
andif (a) fails thensodo theotherthreeparts.

Assume(a) holds.To prove (b), noticethatanelementof
���%	

mustbein
�

but not in
	

; but beingin
�

it has
to bein

	
, by (a),acontradiction.Sonothingis in

����	
. To prove(c), observethatany elementof

	
is in
�,�-	

by
definitionof

�
(this partdidn’t use(a)) andany elementof

� �.	
is eitherin

�
or in

	
, andif it’s in

�
thenit’s also

in
	

by (a),soit’s in
	

in any case.To prove(d), observethatany elementof
�,�/	

is in
�

by definitionof
�

(again,
this partdidn’t use(a))andany elementof

�
is alsoin

	
, by (a),andis thereforein

���.	
.

Now assumethat(a) fails. Sothereis an �%0 � suchthat ��10 	 . Then ��0 ����	 , so(b) fails. �%0 � ��	 but
� 10 	 , so(c) fails. And �
0 � but ��10 ���.	 , so(d) fails.

Problem 2.19 2 �#�"��	)� is neverequalto 2 �"� 2 	 , becauseonealwayshas3�0.2 �#�"��	�� , but never 3)0"2 �"� 2 	 .

Problem 2.20 Assume
�4�(	 � �4��� and

� ��	 � � ��� . We first show that
	 � � . Sotake any �%0 	 . We

will show that ��0 � . First,we know that �,0 � �"	 , andthus,by thefirst hypothesis,�
0 ���(� . If ��0 � , we are
done.Otherwise,�
0 � , andsince ��0 	 , we have �
0 ���(	 . But then,by thesecondhypothesis,�
0 � �.� , and
again,it follows that ��0 � . This proves

	 � � . An analogousargumentshows that
� � 	 , andthus

	 � � by
extensionality.

Problem 2.23 Supposethat 5 is nonempty. We wantto show that
����6 5 � 6879���":<;=: 0"5?> .

� : Takeany ��0 �@�.6 5 . To show that ��0 6/7A�@�B:C;�: 0(5?> , we takeanarbitrary
: 0.5 , andwemustshow

that �
0 �%�/: . If ��0 � , this is clear;otherwisewehave ��0 6 5 . Since
: 0"5 , it followsthat ��0 : , andit

followsthat ��0 ���": asdesired.
D

: Take any �,0 6 79�4�":C;E: 0
5F> . We mustshow that �@0 � � 6 5 . If �@0 � , thenwe aredone.Otherwise,
� G0 � . By hypothesisanddefinitionof intersection,we have ��0 � �.: for all

: 0
5 , but since � G0 � , this
implies ��0 : for all

: 0(5 . Hence�
0 6 5 , from which theresultfollows.

Problem 3.1 With this definition of Kuratowski “triples”, we would have H#��I&��IJ�LKNM,�OHP�'IJ�QIJ�LK&M,�RH#��I&�SI&�SKNM
�7T7 �U>=I 7 �'IJ�S>T> , for all ��I&� .
Problem 3.2

(a) Theelementsof
�%V/��	
�W�!�

areexactly thepairs H#XSI&�SK whereX80 � , and ��0 	 or ��0 � . Theseareprecisely
theelementsof

����V.	)�Y�@�#��V��!�
.

(b) Suppose
��V�	 � ��V�� and

� G�+3 . Since
�

is non-empty, thereis someX.0 � ; fix suchan X . Now for any
� , onehas��0 	 if f H�XSIJ�SKZ0 �+V(	 if f H#XSI&�SK[0 �+V�� if f ��0 � . Thus,

	 � � by extensionality.
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