FINITE GEOMETRIC SERIES

A geometric series is a set of terms in which each term is formed by multiplying the preceding term by a constant

number. The series starts with the first term, which is usually denoted by a. The constant multiplier is called the
common ratio and is usually denoted by r.

The ‘sum to n terms’ of a geometric series is given by § =a+ ar + ar+..+ar"".
« The nth term of this series is T, = ar"™'

. 'Ihecommonratioisgivenbyr=£=£=£= -

T-T-T,-""T
o AlsonotethatS =T, +T,+ T, +...+T,

You call §, the ‘sum to n terms’ of the series. This is a finite series.

S.=T,+T,+T,+..+T +...isan infm'i'te geometric series.

Using sigma notation, we have: S, = Zar"‘l

Thus T, =a and T"=ar"". ai

Sum of a geometric series
You can obtain a formula for S so that you don’t always have to add the terms to find the sum.
Write: S"=a+ar+arz+...+ar"'l (1)
Multiply both sides of [1] by r:  rS_=ar+ ar +...+a’" " +ar" (2)
(1]-[2): S,-rS,=a=-ar"
S, (1=r)=a(1-r")

a(l -r" )
Hence: S, = = forr<1
a(r" - l)
Alternatively, finding [2] = [1] gives: S,=———— forr>1

r=1
Note that when r=1, the series becomesa+a+a+ ... ton terms and S, = na.

It is also important to realise that S, =S _, + T,,so T, =S =S, _,n>1.

Summary of formulae

a+ar+ar +...+ar"" is a geometric series
r is the common ratio

T,=a . '1'"=m""l

a(l-r") a(r" -l)
R P i S

forr<1 > — forr>1

T =S§-§, _,n>1
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FINITE GEOMETRIC SERIES

Example 22
Find the sum of the first eight terms of the geometric series 3 +6+ 12+ ...
Solution
a=3,r=2,n=8 s,,—a(ru_l)
PR A =1
3(2°-1)
T 2o

S,=3(2"-1)=765

Example 23
For the series4+2+1+...,findS and S .
Solution
L_2_1,4%_1 fes ic with a=4andr=1
T -4-2and Tz-z.sotheserleslsgeomelncwntha-aiandr-2.
a(l1-r"
Now S,,=—Ll
l=r
1 1
-3 1(1-5)
Forn=6: S.s=-—l For n=10: S“,=—l
1—5 l_E
1 64-1 1 1024 -1
=8|1-—|=8x = - =
S ( 64) (64) Sio 8(1 1024) sx( 1024
gy 83 _63__7 _gx 1023 1023 _ 127
=8Xa=8 3 =8%1024 =128 - 128
These values of S, for n=6 and n = 10 appear to be getting closer to 8. s
Tnegraphofs,,=s(1-L)forn=1.2,3,...10isshownhere.
2" L e e PR he ek SRl L
6+ Ll *
ide " ses-
2L
of 1 23456738 "
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