IB Standard Portfolio Assignment

Type I — Mathematical Investigation

Logarithm Bases
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This investigation will determine the relation between different sets of sequences. The
sequences include logarithms. This investigation will be tested using technology.

The sets of sequences are as follows:

Log:8, Logs8, Logs8, Logis8, Logs 8, ...

Logs81, Loge81, Log»781, Logsi81, ...

Logs25, Log2s25, Logi2525, Loges25, ...

Lugmmk, log = M¥, log,,: m*, logsmF, ..

By following these sequences a pattern can be shown. The base of each term in the
sequences changes but the exponents are constant. The following two terms of each
sequence were determined:

Log»8 , Logs8 , Logs8 , Logi68 , Logs»8 , Loges 8, Logyag 8

Logs81 , Loge81 , Log2781 , Logsi81 , Logass 81, Logyss 81, Logaysy 81

Logs25 , Logys25 , Logias25 , Logers2S , Loggyzs 25, Logysess 25, Logrgyas 25

L'ngmka logm""mka log,.= mka lﬂgm-d- mk’ log,.= mka log, .= m¥

Let’s start with the first sequence (Log,8 , Logs8 , Logs8 , Log68 , Logs.8 , Loges 8,
Logyzz 8 ) and determine an expression for the nth term:

1 2 3 4 5 6 7

2 2 2 2 2 2 2

21 22 23 24 25 26 27

2 4 8 16 32 64 128
log,, 8

The value 2 was used to determine the nth term.

is worked out from the table

P
above in the form of E by applying the change of base rule which states that:

_ log ()

~ logy(b)’

An application of this rule is as follows:

logs

login
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The equations shown below will be used to determine and solve the sequences shown
in the portfolio:

. lﬂgk(I)
logy(x) = Tog, (0)

kloga = log, k

@y — log,nm*

Terms in the form of L :
q

logs

 login

log2®

log2™
3log2
nlog?2

The numerator and denominator both have the value log2 in them which means they
can be canceled out thus leaving us with 2

(i

Here are two graphs to test its validity:

Y =3/x

25 5
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logs

“logzn o

25 ]

Both graphs are identical towards each other which indicate that both functions of the
graphs are the same.

Let’s take the second sequence (Logs;81 , Loge81 , Log,781 , Logs81 ,
Logss3 81, Logyss 81, Logsqg7 81) into consideration:

1 2 3 4 5 6 7
3 3 3 3 3 3 3
3t 32 32 3¢ 35 3° 37
3 9 27 81 243 729 2187

[ used the value 3 to determine the nth term since the value of 2 did not work. logg,, 81
i
is worked out from the table above in the form of E by applying the change of base

rule therefore:

log81
. logzn

log3*
4log3
nlog3

The numerator and denominator both have the value log3 in them which means they

can be canceled out thus leaving us with =
n
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Here are two graphs to test its validity and accuracy:

Y =4/x

log81
v logzn

Va5t

25T

Both graphs are identical towards each other which indicate that both functions of the
graphs are the same.

Let’s take the third sequence (Logs25 , Logys25 , Logi2525 , Loges25 , Logass 25,

Logisess 25, Logseios 25) into consideration:

1 2 3 4 5 6 7
5 5 5 5 5 5
51 52 53 5* 55 5% 57
5 25 125 625 3125 15625 78125
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I used the value 5 to determine the nth term. 108s» 25 is worked out from the table

P
above in the form of E by applying the change of base rule therefore:

log25
log5in

lag5s?
log5™
2logh
nlogs

The numerator and denominator both have the value log5 in them which means they
can be canceled out thus leaving us with

= | ba

Here are two graphs to test its validity and accurateness:

A

Y =2/x

log2h

~ logsn




‘ Marked by Teachers

Both graphs are identical towards each other which indicate that both functions of the
graphs are the same.

Let’s take the fourth and final sequence ( Log,,, m* log,,= m¥, log,,s m¥, log,s m¥,
log,,= m¥, log,,s m¥* ) into concern:
1 2 3 4 5 6
m m m m m m
ml m! ma m4 mS mﬁ-

I used the value m to determme the nth term. Jpg_nm* is worked out from the table

above in the form of —

by applying the change of base rule therefore:

log,, k
L logmn

klogm
nlogm

The numerator and denominator both have the value log m in them which means they
can be canceled out thus leaving us with &

n

Now I will calculate the following giving the answers in the form of — by using the

sequences shown above:

~logs 64= 1.2= 2=

log, 64, logg 64, logy, 64=
loges
log4 -
loget _

' log8
loged

=12
log32

3x2 log,64 x logz 64
3+2 log,6d+logz64

~|logsss 49= 0.66667 = §:

log? ":1:‘9, 10g49 ‘4‘9, logaqg 49=
logs

log7

, logd%

N log49 -

2E%% () 666667

"la £343

2x1_ log,49x lopss49
2+1 log; 49+ logs 49
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log1125 log 1 125 log 1 125
5 125 , 625

log125

b

. log%
log125

=3

log_ L
- 08125 4
log125

3
°8525-0.75, -4
> u:lg'_zsx l0g 428
e lng': lng“;
~log s 125=-0.75=-—2= _3:_11 = ﬁlﬁ
— & lu% lug._%

IUEB 512, lﬂlgz 512, 10%1632 512=
log512 =3
logs
. logb12

log2

5 3x% lopg512 x log, 512
wlogyg 512= 2,05 = J= ——="E —F RS
4 349 logg512+logg512

The General Statement:

log; x= c and logy x=d

lo ="
Sab logyab
1 _ 1 1 1 ca

logya + log, & _Lclg_u::+_luga p §+_E. =
Now I’'m going to test the validity of my general statement using other values of a, b,
and x.

log, xlog, x

log s x—
Bab log, x+log, x

Limitations:

There are some limitations that were taken into concern. The variables a, b and x
cannot be any number below zero. They all have to be positive integers. Only values
and variables greater than zero are taken into thought. Negative values in graphs are
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ignored. The values in each sequence should all be positive integers since the
denominator cannot be negative.

Clarification of How I Arrived at My General Statement:

The sequences given were firstly observed. I determined and have assured that each
sequence had a constant exponent but the bases of each one were not. After observing
the sequences I then switched the exponents and bases together with the help of the
change of base rule. Basically I inversed them:

lﬂgﬂb I:lﬂgxﬂb

After observing the sequences and determining the nth term we had to test the validity
of our general statement using other values of a, b, and x. The validity was proved by
finding this formula:

log (xy)=log x +log, v



