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(a) I check all the properties of the groups for the set of integers with the operation of addition:

Closure: If a and b are integers, then a + b is also an integer: True.


Associativity: (a + b) + c = a + (b + c): True


Identity: 0 is an integer, and a + 0 = 0 + a = a: True (So, e = 0)

Inverses: a + (-a) = (-a) + a = 0: True (a’ = -a is also an integer)


G(Z, +) is an abelian group. (a + b = b + a)

The set of natural numbers with the operation of subtraction does not form a group because the following properties of a group are not present:

Closure: If a and b are natural numbers and a<b, then (a – b) is not a natural number.


Associativity: (a - b) - c ≠ a - (b - c).


Identity: 0 is an integer, and a + 0 = 0 + a = a: True (So, e = 0)


Inverses: a + (-a) = (-a) + a = 0. If a is a natural number, (-a) is not a natural number.

(b) I check all the properties of the groups for the set of positive rational numbers with the operation of multiplication:

Closure: If a and b are positive rational numbers, then (a * b) is also a positive rational number: True.


Associativity: (a * b) * c = a * (b * c): True


Identity: 1 is a positive rational number, and a * 1 = 1 * a = a: True (So, e = 1)


Inverses: a * (1/a) = (1/a) * a = 1: True (a’ = 1/a is also a positive rational number a>0)


G(Q+, *) is an abelian group. (a * b = b * a)

The set of positive rational numbers with the operation of division does not form a group because the following properties of a group are not present:


Closure: True.


Associativity: (a/b)/c ≠ a/(b/ c).


Identity: True (e=1)

Inverses: a/a = a/a = a:True.
(c) I check all the properties of the groups for the set of positive integers with the operation of multiplication:


Closure: If a and b are positive integers, then a * b is also an integer: True.


Associativity: (a * b) * c = a * (b * c): True


Identity: 1 is an integer, and a * 1 = 1 * a = a: True (So, e = 1)


Inverses: a * (1/a) = (1/a) * a = 1: True (But 1/a is not always an integer)

So, the set of positive integers with the operation of multiplication does not form a group.

(d) The set of positive even integers with the operation of multiplication has the following properties:


Closure: If a and b are even integers, then a * b is also an integer: True.


Associativity: (a * b) * c = a * (b * c): True


Identity: 1 is an integer, and a * 1 = 1 * a = a, but 1 is not even.


Inverses: cannot be defined because there isn’t an identity element.

(f) The set of integers with the operation of composition defined by: 
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Closure: If m and m are integers, then m * n is also an integer: True:
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Associativity: (a * b) * c = a * (b * c): True


Identity: m *e =m + (-1)m e =m for all integer m  => e = 0

e =0 verifies also e *m = m, so the identity element is 0.


Inverses. One must work separately for even and odd elements:

- a =2p (p integer): a * a-1 = 0 => a + a-1 = 0 => a-1 = -a 
This inverse element verifies also the operation a-1 * a =0
- a =2p +1: a-1 =a

(g) 
Closure and associativity are verified without difficulty.

Identity: I have to find an element (e) that satisfies the following condition:

xe +x +e = x  => (x + 1) e = 0 for any x 
[image: image5.wmf]Î

 R – {-1}, i.e e=0
Inverse: x * x-1 = 0 => x x-1 + x + x-1 = 0  
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