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Sets theories �A�wm�m�� �A§r\�

Exercise series N° 1 ��C �§CAmt�� TlslF

Exercise N°− 1 − ��C �§rm�

:Ty�At�� �A�wm�m�� (r}An� �� ºAW��� ©�) �yOft�A� 	t��

Write in detail (i.e., by providing all elements) the following sets:

A = {integers between 2π ¤
√
2 �y� T�y�}  �d��}. (1

B =
{
x ∈ Q; ∃(n, p) ∈ N✕N, x = p

n
and 1 ≤ p ≤ 2n ≤ 7

}
. (2

Solution : �þþ���

An§d�

A = {2, 3, 4, 5, 6} .

 � ^�®� , B T�Atk�

1/2 ≤ n ≤ 7/2 ⇒ n = 1, 2 ¤� 3.

:Yl� �O��¤ , p þ� Tlmt�m�� �yq�� 	tk� , n þ� Tlmt�� Tmy� �k�

B =

{
1, 2,

1

2
,
3

2
,
1

3
,
2

3
,
4

3
,
5

3

}
.
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,2 ��r� d� ¯¤ , 3/3 ¤ 2/2 þ� AS§� Ahyl� �wO��� �� ¨t��¤ , 1 ��r� d� 	tk� �� ¢�� ^�®�

.6/3 ¤ 4/2 ¤ 2/1 þ� Ahyl� AnlO� ¨t��¤

Exercise N°− 2 − ��C �§rm�

? C ⊂ B ¤� C ⊂ A  ± : �h� C ⊂ A ∪B An§d�  A� �Ð�

If we have C ⊂ A ∪B does that mean C ⊂ A or C ⊂ B ?

Solution : �þþ���

.C = {2, 3} ¤ B = {3, 4} ,A = {1, 2} ®�� @��� !¯

Exercise N°− 3 − ��C �§rm�

�� A,B,C Ty¶z� �A�wm�� T�®� Yl� ©wt�§ ©@�� , ¨�At�� �y� XW�� CAbt�¯� ¨� @���

.E �� a, b, c, d, e, f, g, h r}An`�� ¤ E T�wm�m��

We consider the following Venn diagram, which contains three partial sets A, B, and C of

the set E, and the elements a, b, c, d, e, f, g, h from E.

E

A

B

C

h

c

g

f

a e

d

b

:T·VA� �� T�y�} Ty�At�� ��CAb`�� �A� �Ð� A�  d�
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Sets theories �A�wm�m�� �A§r\� Exercise series N° 1 ��C �§CAmt�� TlslF .1.1

Determine whether the following statements are true or false:

1) g ∈ A ∩ B̄ 2) g ∈ Ā ∩ B̄. 3) g ∈ Ā ∪ B̄.

4) f ∈ Ā. 5) e ∈ Ā ∩ B̄ ∩ C̄. 6) {h, b} ⊂ Ā ∩ B̄.

7) {a, f} ⊂ A ∪ C.

Solution : �þþ���

.g /∈ B ¨�At�A�¤ g ∈ B  ± �W� (1

.	bs�� Hfn� �W� (2

.g ∈ A  ± �y�} (3

.f ∈ A  ± �W� (4

.e ∈ A  ± �W� (5

.�W� �@¡ ¤ : b ∈ A ∩B ¤ h /∈ A ∩B  � �Ab�� Y�� �@¡ ��r§ (6

.�y�} �@¡ ¤ :f ∈ A ∪ C ¤ a ∈ A ∪ C  � �Ab�� Y�� �@¡ ��r§ (7

Exercise N°− 4 − ��C �§rm�

.A ∪B = B ∩ C �y� �A�wm�� �®� C ¤ B,A �kt�

Let B,A and C be three sets where A ∪B = B ∩ C.

.A ⊂ B ⊂ C  � b��

Prove that A ⊂ B ⊂ C.

Solution : �þþ���

.A ⊂ B ¨�At�A�¤ , x ∈ B , � ©� ,x ∈ B ∩ C ¨�At�A�¤ , x ∈ A ∪B ¢n�¤ .x ∈ A �ky�

.B ⊂ C ¨�At�A�¤ , x ∈ C ,  � ©� ,x ∈ B ∩ C ¨�At�A�¤ , x ∈ A ∪B ¢n�¤ .x ∈ B @���  µ�

Exercise N°− 5 − ��C �§rm�

Y�� Xc z�r�A� z�r� , X ⊂ E ��� �� .E T�wm�m�� �� Ty¶z� �A�wm�� T�®� C ¤ B,A �kt�

.E ¨� X Tmmt�
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Let B,A and C be three subsets of the set E. For X ⊂ E, we denote by Xc the complement

of X in E.

Prove the following Morgan’s laws: :Ty�At��  A�Cw� �y��w� b��

1. (A ∩B) ∪ C = (A ∪ C) ∩ (B ∪ C) 2. (Ac)c = A

3. (A ∩B)c = Ac ∪Bc 4. (A ∪B)c = Ac ∩Bc.

Solution : �þþ���

.�¤ zm�� º�wt�³A� �¡rbnF r� �� ¨�

 �� , x ∈ B ¤ x ∈ A  A� �Ð� .x ∈ C ¤� x ∈ B ¤ x ∈ A ¢n�¤ ,x ∈ (A ∩ B) ∪ C �ky� (1

£@¡ ¨�¤ , Xq� x ∈ C  wk§ , ��Ð �®�� .º�wt�³� �Ab�� �t§¤ , x ∈ B ∪ C ¤ x ∈ A ∪ C

.x ∈ B ∪ C ¤ x ∈ A ∪ C AS§� An§d� T�A���

, x ∈ C  A� �Ð� :�yt�A� �y� zym� An��� , x ∈ B ∪ C ¤ x ∈ A ∪ C  A� �Ð� , ��Aqm�A�

Am� , �k�¤ .x /∈ C , ��Ð �®� .x ∈ (A ∩ B) ∪ C ¨�At�A�¤ x ∈ C ¤� x ∈ (A ∩ B) ¢n�¤

 � b�§ �@¡ .x ∈ B  �� ,x ∈ B ∪ C  � Am� ,��m�A�¤ .x ∈ A An§d� �bO§ ,x ∈ A ∪ C  �

.x ∈ (A ∩B) ∪ C ¨�At�A�¤ x ∈ A ∩B

x /∈ Ac
 �� , x ∈ A  A� �Ð� , ��Aqm�A� .x ∈ A ¨�At�A�¤ , x /∈ Ac

¢n�¤ .x ∈ (Ac)c �ky� (2

.x ∈ (Ac)c ¨�At�A�¤

.x ∈ Bc
¤� x ∈ Ac

 � ©� , x /∈ B ¤� x /∈ A An§d�  Ð� .x /∈ A ∩ B �� .x ∈ (A ∩ B)c �ky� (3

x /∈ A ,  � ©� , x ∈ Bc
¤� x ∈ Ac

 Ð� .x ∈ Ac ∪Bc
�ky� , ��Aqm�A� .x ∈ Ac ∪Bc

 � �tnts�

.x ∈ (A ∩B)c ¨�At�A�¤ x /∈ A ∩B , QwO��� ¢�¤ Yl� .x /∈ B ¤�

¥�Akt�� �Ðwm� ¨� ��As�� �Wnm�� �§dq� A¾AS§� Annkm§ (4

x ∈ (A ∪B)c ⇐⇒ x /∈ A ∪B

⇐⇒ x /∈ A ¤ x /∈ B

⇐⇒ x ∈ Ac
¤ x ∈ Bc

⇐⇒ x ∈ Ac ∩Bc.

Exercise N°− 6 − ��C �§rm�

: � b�� .P(E) �� r}An� T�®� C ¤ B , A ,T�wm�� E �kt�

Let E be a set, A , B and C three elements of P(E). Prove that:
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Sets theories �A�wm�m�� �A§r\� Exercise series N° 1 ��C �§CAmt�� TlslF .1.1

If A ∩B = A ∪B , then A = B . .A = B  �� , A ∩B = A ∪B  A� �Ð� (1

?�yVrK�� d�� ¨fk§ �¡ .B = C  �� , A ∪B = A ∪ C ¤ A ∩B = A ∩ C  A� �Ð� (2

If A ∩B = A ∩ C and A ∪B = A ∪ C , then B = C . Is one of the two conditions

sufficient?

Solution : �þþ���

.A ⊂ B  � �Ab�� ¨fk§ ,B ¤ A ¨� TySq�� rZAn� �®� �� (1

 �� ¨�At�A�¤ x /∈ A ∩ B �k�¤ x ∈ A ∪ B  �� ¢n�¤ .x /∈ B  � |rf�¤ x ∈ A �ky�

.x ∈ B  �� ��@� .{�An� �@¡¤ ,  Atflt�� A ∪B ¤ A ∩B �yt�wm�m��

.B ⊂ C  � �Ab�� ¨fk§ , C ¤ B ¨� TySq�� rZAn� �®� �� (2

:�yt�A� An¡ zym� .x ∈ B �ky�

.x ∈ C ¨�At�A�¤ , x ∈ A ∩B = A ∩ C , T�A��� £@¡ ¨� ,x ∈ A A�� (A

An�± A¾r\� .x ∈ C ¤� x ∈ A ¨�At�A�¤ x ∈ A ∪ B = A ∪ C , T�A��� £@¡ ¨� ,x /∈ A ¤� (B

.x ∈ C  � �tnts� An��� , x /∈ A T�A��� ¨�

.¨�A� ry� d��¤ ªrJ .B ⊂ C ¨�At�A�¤ , x ∈ C Antb�� , �¯A��� �ym� ¨�

C¤rR �¡rb� ¨k� ¨�At�� �A�m�� @���  � Xq� Anyl� , A∪B ⊂ A∪C  � Xq� AnRrt�� �Ð�

.A`� �yVrK��

.C = {2} ¤ B = {1} , A = {1, 2} �ky�

.B ⊂ C An§d� Hy� �k� , A ∪B ⊂ A ∪ C An§d�

B = {1, 2}. ¤ A = C = {1} �A�m� Xq� @���  � Anyl� , A∩B ⊂ A∩C  � Xq� AnRrt�� �Ð�

Exercise N°− 7 − ��C �§rm�

Find the set of parts of the set T�wm�m�� º�z�� T�wm�� d�¤�

E = {a, b, c, d} .

Solution : �þþ���
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Tnkmm�� Ty¶z��� �A�w�m�� �ym� Yl� ©wt�� E = a, b, c, d T�wm�� º�z�± P (E) T�wm�m��

�A�wm�m�� �ym� �y�� .Ahsf� T�wm�m��¤ Ty�A��� T�wm�m�� ��Ð ¨� Am� ,E T�wm�ml�

:Ty¶z���

The set P (E) of parts of the set E = {a, b, c, d} includes all possible subsets of E, including

the empty set and the set itself. Here are all the subsets:

P (E) = {ϕ,

{a}, {b}, {c}, {d},

{a, b}, {a, c}, {a, d}, {b, c}, {b, d}, {c, d},

{a, b, c}, {a, b, d}, {a, c, d}, {b, c, d},

E}

Exercise N°− 8 − ��C �§rm�

. F �� �yty¶z� �yt�wm�� D, B ¤ E �� �yty¶z� �yt�wm�� C ¤ A �kt� ¤ �yt�wm�� F ¤ E �kt�

Let E and F be two sets, and let A and C be two subsets of E and B , D be two subsets of

F .

Prove that  � b��

(A✕B) ∩ (C✕D) = (A ∩ C)✕(B ∩D).

Solution : �þþ���

.�¤ zm�� º�wt�³� �¡rbnF

.y ∈ B , x ∈ A ¨�At�A�¤ (x, y) ∈ A✕B ¢n�¤ (x, y) ∈ (A✕B) ∩ (C✕D). �kt�

.y ∈ B ∩D ¤ x ∈ A ∩ C , �@� .y ∈ D ¤ x ∈ C ¨�At�A�¤ ,(x, y) ∈ (C✕D) AS§� An§d�

.(x, y) ∈ (A ∩ C)✕(B ∩D)  � b�§ �@¡

.x ∈ C ¤ x ∈ A ¨�At�A�¤ x ∈ A ∩ C  � ¨n`§ (x, y) ∈ (A ∩ C)✕(B ∩D) �kt� , ��Aqm�A�

.(x, y) ∈ C✕D ¤ (x, y) ∈ A✕B ,  Ð� .y ∈ D ¤ y ∈ B �@� , y ∈ B ∩D ,��m�A�¤

.(x, y) ∈ (A✕B) ∩ (C✕D)  � �tnts�
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Exercise N°− 9 − ��C �§rm�

.E �� �yty¶z� �yt�wm�� B ¤ A ¤ T�wm�� E �kt�

Let E be a set, and A and B be two subsets of E.

.A = ∅ �A� �Ð� Xq�¤ �Ð� (©rZAnt�� �rf��) A∆B = B  � b��

Prove that A∆B = B (symmetric difference) if and only if A = ∅.

Solution : �þþ���

�kK�� Yl� AS§� ¢t�At� �km§ ©rZAnt�� �rf��  � ¯¤� r�@�

A∆B = (A ∩ B̄) ∪
(
Ā ∩B

)
.E ¨� A T�wm�m�� �mt� ��m� Ā �y�

:�hF º�wt�� �An¡

.Ā ∩B = B ¤ A = ϕ  ± ¤ A ∩B = B An§d� ,©rZAnt�� �rf�� �§r`� dn`� , A = ϕ  A� �Ð�

.A = ϕ  � b��  � 	�§ , A ∩B = B  A� �Ð� , ��Aqm�A�

:�yms� Y�� �Ab�³� �sqnF

.A ∩B = ϕ  � b�� :¯¤�

.x ∈ Ā ∩B ¤� x ∈ A ∩ B̄  � Amt� ¨n`§ ¤ , x ∈ A ∩B QwO��� ¢�¤ Yl� ¤ ,x ∈ B �ky�

.x ∈ Ā ∩ B �y�O�� w¡ ¨�A��� �Amt�³� An§d� ¨�At�A�¤ (x ∈ B  ±) �y�ts� �¤±� �Amt�¯�

.A ∩B = ϕ ¨�At�A�¤ , Ā ¨� AS§�  w�w� B T�wm�m�� �� r}An� �� rOn� ��  �� , ¨�At�A�¤

.A ∩ B̄ = ϕ  � AS§� b�nF

, A ∩B = B ¨� AS§� rOn`�� �@¡  wkyF .A ∩ B̄ ¨� rOn�  A�§� Annkm§ ¢�� |rfn� , ���w�� ¨�

.B̄ ¤ B ¨� ¢sf� �w�� ¨�  wkyF ¢�± �y�ts� r�� w¡¤

.A = ϕ  � ¨n`§ �ytq�As�� �yty}A��� �y� Th��wm�� ,ry�±� ¨�
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