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group of X relative the basepoint x_ . Define c € ZXX,XO)

o
by ¢ () = x, for all t € I, and denote its homotopy class
o)
[cX ]l by 0 or [xo]. Also, for [c] € ﬂl(X,XO) define -[c] by

el = [¢71, where ¢ € £(X,x,) is defined by c1(t) = c(1-t).
Exercise: Prove that the addition of ﬂl(X,xo) has the following
properties
(1) (associativity): ([cI+[T]) + [€] = [c] + ([T1+[E])
for any three elements [cl, [31, [¥] € n,(X,x )
(ii) for all [c] € ﬂl(X,XO) [c] + 0 =0+ [c] = [c]
(111) for all [ecl € m (X,x_ ) [ec] + (-[c]) = (-[c]) + [c] =0

i.e. ﬂl(X,XO) is a group in the sense below.

Groups

Definition: A group is a set G together with a composition €

which to any two elements 8185 € G associates an element 81 °85
of G, such that
(i) 1% 81585585 € G (gia gz)o 83 = 8,° (ggﬂgB) (associativity)
(i1) 3 e € G such that V g € ¢ gee =ec g =g
(e 1is called the zero element or the unit of @)

(111) Vg € G 3 g™' € G such that geg L = g log = e

(g_l is called the inverse of g)-

Examples.

0). The group consisting only of its unit and having no other elements
is dencted by O.

1). Z, 1s the group consisting of two elements O and 1 with
the composition + given by O + 0 =1 + 1 = 0 and
O+ 1 =1+ 0= 1.

2). The integer numbers {0,*1,+2,...}, together with the usual

addition +, form a group denoted by Z. Similarly the real



