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L
o
g
a
r
ith
m
s

A
lo
g
a
r
ith
m

is
a
p
rop
erty
of
a
n
u
m
b
er
related
to
its
ex
p
on
en
ts.

(A
logarith
m
is
th
e
m
a
t
h
e
m
a
t
ic
a
l
in
v
e
r
s
e

of
an
ex
p
on
en
t.)

If
a
c

=
b,
th
en
c
is
th
e
logarith
m
,
w
ith
b
ase
a
,
of
b.
In
m
ath
term
s:

c
=
log
a

b

A
ltern
atively,
c
is
th
e
p
ow
er
to
w
h
ich
w
e
raise
a
to
get
b.
S
in
ce

5
3
=
125,
th
en
3
=
log
5
125.

T
h
e
b
ase
you
w
ill
u
se
m
ost
often
is
a
sp
ecial
n
u
m
b
er,
e.

e
=
2
:71828182846
an
d
logs
u
sin
g
b
ase
e
are
called
n
atu
ral
logs

(ab
b
rev
iated
\ln
").

If
som
eon
e
ju
st
w
rites
\log",
it
is
im
p
ortan
t
to
verify
th
at
th
ey

m
ean
n
atu
ral
log
(ln
)
an
d
n
ot
log
1
0 .
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e
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P
r
o
p
e
r
tie
s
o
f
L
o
g
a
r
it
h
m
s

�
If
you
h
ave
n
u
m
b
ers
ran
gin
g
from
0
to
1
,
th
e
logarith
m
s
of

th
ose
n
u
m
b
ers
w
ill
ran
ge
from
�
1
to
+
1

�
L
ogarith
m
s
are
u
n
d
e�
n
ed
for
n
egative
n
u
m
b
ers

�
T
h
e
logarith
m
of
0
is�
1

�
T
h
e
logarith
m
of
1
is
0
(an
y
b
ase)

�
ln
(a�
b)
=
ln
a
+
ln
b

�
ln
(b�
b)
=
ln
b
+
ln
b
=
2
ln
b

�
ln
(a
b)
=
b�
ln
a

�
ln
(
ab
)
=
ln
a
�
ln
b

�
B
e
w
a
r
e
!
ln
(a
+
b)6=
ln
(a
)
+
ln
(b)

�
B
e
w
a
r
e
!
ln
(a�
b)6=
ln
(a
)�
ln
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a
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la
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L
o
cate
th
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b
u
tton
s:

�
L
O
G
:
T
h
is
is
log
1
0
(log
b
ase
10,
or
th
e
c
o
m
m
o
n

log)

�
L
N
:
T
h
is
is
th
e
n
atu
ral
log

�
e
or
e
x

(som
etim
es
w
ritten
ex
p
or
ex
p
(x
)):
T
h
is
is
th
e
b
ase
of

th
e
n
atu
ral
log

T
ry
th
ese
on
you
r
calcu
lator:

ln
0

ln
(3�
5)
=
ln
3
+
ln
5

ln
0
:000001

ln
1

ln
(3
2)
=
2
ln
3

ln
1
:1

ln
5

ln
(
35
)
=
ln
(3)�
ln
(5)

ln
10

log
10
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ln
a
n
d
e
:
In
v
e
r
s
e
F
u
n
c
tio
n
s

If
you
take
th
e
n
atu
ral
logs
of
n
u
m
b
ers,
you
can
ex
p
on
en
tiate
th
em

u
sin
g
e
to
retu
rn
th
em
to
th
eir
origin
al
valu
e
(e
ln
x

=
x
):

x

ln
x

e
ln
x

1

0

1

1.5

0.40546

1.5

3

1.0986

3

F
u
n
ction
s
like
th
ese
are
called
in
v
e
r
s
e
fu
n
c
t
io
n
s.
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E
x
a
m
p
le
s

x

C
om
m
on
log

N
atu
ral
log

(b
ase
10)

(b
ase
e)

1

lo
g
1
0 (1)
=
0

lo
g
e (1)
=
ln
(1)
=
0

[e
0
=
1]

10

lo
g
1
0 (10)
=
1

ln
(10)
=
2
:3

[e
2
:3
=
10]

100

lo
g
1
0 (100)
=
2

ln
(100)
=
4
:6

[e
4
:6
=
100]

1,000

lo
g
1
0 (1000)
=
3

ln
(1000)
=
6
:9

[e
6
:9
=
1000]

10,000

lo
g
1
0 (10000)
=
4

ln
(10000)
=
9
:2

[e
9
:2
=
10000]
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1
2.71828

1 2.71828

exp(x)

ln(x)
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p
o
n
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n
tia
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:
E
x
a
m
p
le
1

T
h
e
n
orm
al
d
istrib
u
tion
is
com
m
on
ly
u
sed
in
statistics
to
d
escrib
e

con
tin
u
ou
s
d
ata
th
at
are
ap
p
rox
im
ately
b
ell-sh
ap
ed
.
L
et's
grap
h

th
e
d
en
sity
fu
n
ction
of
th
e
stan
d
ard
n
orm
al
d
istrib
u
tion
(h
av
in
g

m
ean
0
an
d
stan
d
ard
d
ev
iation
1),
n
am
ely

y
=

1
p

2
�
ex
p
(�
x
2=2)

w
h
ere
�
=
3.141592654...
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n
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E
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y
=

1
p

2
�
ex
p
(�
x
2=2)

x

y

0

0.399

�
0
:5

0.352

�
1

0.242

�
1
:5

0.130

�
2

0.054

4
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0
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E
x
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o
n
e
n
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:
E
x
a
m
p
le
1

F
or
w
h
at
valu
e
(or
valu
es)
of
x
d
o
es
y
=
0
:1?

0
:1

=

1
p

2
�
ex
p
(�
x
2=2)

(0
:1)( p
2
�
)

=

ex
p
(�
x
2=2)

0
:2507

=

ex
p
(�
x
2=2)

ln
(0
:2507)

=

�
x
2=2

�
1
:3836

=

�
x
2=2

2(1
:3836)

=

x
2

2
:767

=

x
2)
x
=
�
p

2
:767
=
�
1
:66

N
ow
go
b
ack
to
ch
eck
you
r
solu
tion
s
an
d
com
p
are
w
ith
ou
r
grap
h
.
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e
n
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:
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m
p
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C
on
sid
er
a
scen
ario
w
h
ere
a
u
n
its
of
a
b
acteria
are
p
u
t
on
a
p
etri

d
ish
h
av
in
g
u
n
lim
ited
fo
o
d
an
d
resou
rces.
A
ssu
m
e
th
at
th
e

b
acteria
d
ou
b
le
every
10
h
ou
rs.
T
h
en
a
m
o
d
el
for
th
e
total
n
u
m
b
er

of
u
n
its
of
b
acteria
at
an
y
p
oin
t
in
tim
e
t
m
ay
b
e
given
b
y

y
=
a
e
b
t

D
eterm
in
e
th
e
valu
e
of
b.

S
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e
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E
x
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n
tia
ls
:
E
x
a
m
p
le
2

A
t
tim
e
t
=
0,
y
=
a
:a

=
a
e
b
(0
)
=
a
e
0
=
a
(1)
=
a

C
orrect!

A
t
tim
e
t
=
10,
y
=
2
a
:

2
a

=

a
e
b
(1
0
)

2

=

e
1
0
b

ln
(2)

=

10
b)
b
=
(ln
(2))=10
=
0
:0693
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S
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=
2
u
n
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G
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h
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e
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=
2
e
0
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:
E
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H
ow
lon
g
d
o
es
it
take
th
e
b
acteria
to
trip
le
in
q
u
an
tity
(from
2
to
6

u
n
its)?

6

=

2
ex
p
(0
:0693
t)

3

=

ex
p
(0
:0693
t)

ln
(3)

=

0
:0693
t)
t
=
ln
(3)=0
:0693
=
15
:9
h
ou
rs

S
lid
e
1
5

L
o
g
a
r
ith
m
s
:
E
x
a
m
p
le
1

S
om
etim
es
it's
easier
to
d
o
statistical
an
aly
ses
w
ith
valu
es
th
at

h
ave
a
b
ell-sh
ap
ed
d
istrib
u
tion
.
A
n
d
som
etim
es,
th
e
n
atu
ral

logarith
m
s
of
n
u
m
b
ers
h
ave
a
m
ore
b
ell-sh
ap
ed
d
istrib
u
tion
th
an

th
e
raw
n
u
m
b
ers
th
em
selves.
H
ere
is
a
grap
h
of
th
e
P
S
A
valu
es
for

1,913
m
en
treated
for
p
rostate
can
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s
:
E
x
a
m
p
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1

H
ere
are
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e
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e
n
u
m
b
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an
d
th
eir
n
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ral
log
tran
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:
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a
m
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H
ere
is
a
grap
h
of
th
e
n
atu
ral
log-tran
sform
ed
P
S
A
valu
es:

S
om
e
statistical
p
ro
ced
u
res
are
m
ore
ap
p
rop
riate
for
d
ata
th
at
are

n
orm
ally
d
istrib
u
ted
,
or
b
ell
sh
ap
ed
,
sim
ilar
to
th
at
ab
ove.
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:
E
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p
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W
e
can
u
se
e
to
tran
sform
th
e
log
n
u
m
b
ers
b
ack
to
th
eir
origin
als.

p
s
a

l
n
(
p
s
a
)

e
x
p
(
l
n
(
p
s
a
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)
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.
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.
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f
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.
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.
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L
o
g
a
r
ith
m
s
:
E
x
a
m
p
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R
ecall
from
th
e
on
lin
e
m
aterial
th
e
tab
le
of
h
ead
in
ju
ry
an
d
b
icy
cle

h
elm
et
u
se:

W
earin
g
H
elm
et

N
o

Y
es

H
ead

Y
es

218

17

In
ju
ry

N
o

428

130

W
e
can
con
stru
ct
an
"o
d
d
s
ratio"
to
q
u
an
tify
th
e
stren
gth
of
th
e

asso
ciation
b
etw
een
h
elm
et
u
se
an
d
h
ead
in
ju
ry.

a

b

c

d

dO
R
=
a
dbc

A
n
o
d
d
s
ratio
of
1
im
p
lies
th
at
th
ere
is
n
o
asso
ciation
b
etw
een

h
elm
et
u
se
an
d
h
ead
in
ju
ry.

S
lid
e
2
0

L
o
g
a
r
ith
m
s
:
E
x
a
m
p
le
2

W
earin
g
H
elm
et

N
o

Y
es

H
ead

Y
es

218

17

In
ju
ry

N
o

428

130

dO
R
=
a
dbc

=
(218)(130)

(17)(428)
=
28340

7276
=
3
:9

P
eop
le
w
h
o
d
on
't
w
ear
h
elm
ets
h
ave
3.9
tim
es
th
e
o
d
d
s
of
h
av
in
g
a

h
ead
in
ju
ry
if
in
volved
in
an
accid
en
t
as
p
eop
le
w
h
o
w
ear
h
elm
ets.



S
lid
e
2
1

L
o
g
a
r
ith
m
s
:
E
x
a
m
p
le
2

S
u
p
p
ose
w
e
w
an
t
to
p
u
t
a
con
�
d
en
ce
in
terval
(C
I)
arou
n
d
th
e
o
d
d
s

ratio.
A
con
�
d
en
ce
in
terval
is
a
w
ay
of
say
in
g,
\G
iven
ou
r
d
ata,
th
e

o
d
d
s
ratio
m
igh
t
ran
ge
b
etw
een
(som
e
low
er
n
u
m
b
er)
an
d
(som
e

h
igh
er
n
u
m
b
er)."
S
in
ce
th
e
o
d
d
s
ratio
can
n
ot
go
b
elow
0,
w
e
u
se

logarith
m
s
to
assu
re
th
at
th
e
con
�
d
en
ce
in
terval
d
o
es
n
ot
take
on

n
egative
n
u
m
b
ers.
H
ere
is
th
e
form
u
la:

95%
C
I
for
ln
( dO
R
)
=
ln
( dO
R
)�
1
:96�
s
d
[ln
( dO
R
)]

�
m
ean
s
\p
lu
s
or
m
in
u
s"
(2
calcu
lation
s)

s
d
stan
d
s
for
stan
d
ard
d
ev
iation
(w
e
d
iscu
ssed
earlier).

s
d
[ln
( dO
R
)]
= r
1a

+
1b

+
1c

+
1d

S
lid
e
2
2

L
o
g
a
r
ith
m
s
:
E
x
a
m
p
le
2

ln
( dO
R
)

=

ln
3
:9
=
1
:36

s
d
[ln
( dO
R
)]

=

r
1218

+

117
+

1428
+

1130

=

p
0
:0046
+
0
:0588
+
0
:0023
+
0
:0077
=
0
:271

95%
C
I
ln
( dO
R
)

=

1
:36�
(1
:96)(0
:271);1
:36
+
(1
:96)(0
:271)

95%
C
I
ln
( dO
R
)

=

(0
:83
;1
:89)
B
e
su
re
th
ese
b
racket
th
e
ln
( dO
R
)

95%
C
I dO
R

=

(e
0
:8
3;e
1
:8
9)

95%
C
I dO
R

=

(2
:29
;6
:62)
B
e
su
re
th
ese
b
racket
th
e dO
R

W
e
are
95%
con
�
d
en
t
th
at
th
e
in
terval
(2.29,
6.62)
covers
th
e
tru
e

p
op
u
lation
o
d
d
s
ratio.
Y
ou
w
ill
see
m
an
y
m
ore
ex
am
p
les
of
o
d
d
s

ratios
an
d
con
�
d
en
ce
in
tervals
in
u
p
com
in
g
cou
rses.
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lid
e
2
3

S
o
lu
tio
n
s
t
o
P
r
a
c
tic
e
P
r
o
b
le
m
s

S
lid
e
4

ln
0
=
\E
rror"

ln
(3�
5)
=
ln
3
+
ln
5
=
2
:71

ln
0
:000001
=
�
13
:8

ln
1
=
0

ln
(3
2)
=
2
ln
3
=
2
:2

ln
1
:1
=
0
:095

ln
5
=
1
:61

ln
(
35
)
=
ln
3�
ln
5
=
�
0
:51


