CALCULUS
Definition of logarithm




Some more functions. .. 10° expr. of x: 10%

exponential functions: 10®, 12°, 5°¢, 2°¢, etc.
exponential expressions of x: 107, 12%,6 5T 2% etc.

NOTE:/ and |z2 are very different.

transcendental in polynomial in x

[fb£=0 and b# 1, then b* is transcendental in x.

x TZ£O 0 Next subtopic:

0" =10 0¥ DNE Gphs of exp fns

07 = |—| booooring 17 = booooring

T
/ polynomial in x

rational in «

0% is not 1% is not
transcendental in x. transcendental in x. 5

84.6




Some more functions. .. 10° expr. of x: 10%
Change to: 100°

1 _
10" =10 Y 1001/2 =10
100 =1 1000 = 1
1 100~1/2 = 1/10
107+ =1/10 y = 10%
10-- ..............................................

(1,10)

image is (0, c0)

(_17 1/10)
1/ ' L
<D

4.6 domain is R = (—o0, 00)




Some more functions. .. 100® expr. of x: 100%

1001/2 = 10
100° =1 1 1009 =1

100~1/2 =1/10 Y & 1007

/

image is (0, c0)

Change to: 2° c=3.321928095
2¢ =10

Y 1001/2 = 10

10-- ..............................................

—

§4.6

~1/2

1/2 4

domain is R = (—o0, 00)




Some more functions. .. 2

Change to: e°®

expr. of x: 2%

c=3.321928095
2¢ =10

2¢ =10 Y  k=2.302585003
20 — 1 1 efF =10
‘2_05211/10 y::
10-- ..............................................

image is (0, c0)
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(_Cal/lo)
1/ | L

domain is R = (—o0, 00)




Some more functions. .. e® expr. of x: e’

Change to: (1/10)® u=~—1
- (1/10)* = 10
e =10 Y  k=2.302585093

0 — 1 efF =10

ek =1/10
10-- ..............................................

image is (0, c0)

(_ka 1/10)
1/ | L

4.6 domain is R = (—o0, 00)




Some more functions... (1/10)®* expr. of z: (1/10)%

§4.6

u= 41
(1/10* =10 Sy da
(1/10)0 =1 |
(1/10)~* =1/10 y:(l/ Nz
10-- ............................................ (u’ 10
A image is (0, c0)
X _
a‘z
z -
ran 1/10)
0
gm SHE
e - , X
3 + 7

/ domain is R = (—o0, c0) I




Some more functions... (1/10)® expr. of z: (1/10)%

VWhenever O < base < 1:

decreasing (left to right)

* u= —1
m=1 (1/10)* =10

y = (1/10)
110 b= 1 is booooring!

OUR FOCUS: b®, for b >0
b= 0 is booooring!
EXERCISE: Graph y = 0*.
image is (0, o) e.g.. (—1)~
NOTE: When b < 0, the
domain and image of b*
are hard to describe.

84.6

(—u,1/10)
booooring 1-1 /
y=1 NOT 1-1 constant
image is {1} é @
’ltl, —U i 8
_”1 domain is R = (—o0, 00) g




Some more functions... (1/10)® expr. of z: (1/10)%

10100 has 100 zeroes

Vb > 1: FAST e® expr. of x: &%
increasing exponential fn . .
“exponential increase” 2° expr. of x: 2
vb e (0,1): FAST| 100® expr. of z: 100%

decreasing exponential fn
“exponential decay” 10® expr. of z: 107

Vb e (0,00): b* expr. of x: b”
Some more INVERSE functions. ..
vb € (0,00)\{1}: logy:=[inverse of v*]=(p*)"1

Vb > 1 SLOW expr. of z: logyx
increasing logarithmic fn|log10(10199) = 100
“logarithmic increase”

Vb e (0,1): SLOW In 1= l0g,
decreasing logarithmic fn Inz = log, x
“logarithmic decay” 9
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Some more functions. .

5 - 1 Vb > 0: p®
vh >, l,acmn axnnnential fn expr. of x: b*
mcreasmg exponential f | .
——"exponential increase"= o - R age s (0,00)
) —

Vb C (O 1) fial f P
decreasing exponential fn 1-1,1Tb>0and b= 1

—exponential decay’'——

Some more INVERSFE fnnctloncb, . ovb>0:
Vb > 1 M log,:=Jinverse of b®]—

sdncreasing logarithmic fnt,tions expr. of z: logyz
“Iogantﬁmlc\v/llg]cr%ase 0g: = £ ]
be (0.1): > Jdp.=|[inverse o

Vb > 1:asIng Togarithmic TT In = lGxpr. of z: l0gy @

_increasing logafithmic fn[| IN® = loge
“logarithmic increase’

vb € (0,1): o In :=log,
decreasing logarithmic fn Inx = l0g, =

“logarithmic decay” 10
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Some more functions. ..
Vb > 1:
increasing exponential fn
“exponential increase”

vb e (0,1):
decreasing exponential fn
“exponential decay”

Vb > O: b®
expr. of x: b*

b®* : R — (0, 00)
1-1, iTb>0and b#£#1
and onto (0, oco)

Some more INVERSE functions. ..

Vb > 1:
increasing logarithmic fn
“logarithmic increase”

Vb e (0,1):
decreasing logarithmic fn
“logarithmic decay”

Vb > 0:
logy:=|[inverse of b°]
expr. of xz: logyx
logy : (0,0) — R
In := 109, : (0,00) — R
InNx = log, x

09y (b*) = x, Vo € R, Vb € (0,00)\{1}
=x, V>0, Vb e (0,0)\{1}

b!OW

In(e*) =, Vz e R
eNT =4 Ve >0

Next subtopic: 11

.— €

5460

Gphs of log fns |




(1/10)* expr. of x: (1/10)*

10

different units on
xr- and y- axes

adgst\units on z-axis. ..
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(1/10)* expr. of x: (1/10)*

y= o] [

adjust units on z-axis. ..

1 13
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Next, let's graph y = In(x).

A

y = (1/10)*"

exponential decay

EXERCISE: Graph y = logs(x),
y = 10910(x),
y = log1go(x).

>

1 logarithmic decay

y = Iogl/Rx)

/ 14

unusual base
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Next, let's graph y = In(x). o® expr. of z: e*
k=2.302585093
ek =10

10-- ..............................................

AN

adjust units on z-axis. ..
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Next, let's graph y = In(x).

adjust units on z-axis. ..
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Next, let's graph y = In(x).
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Next, let's graph y = In(x).

[

T

y—=~¢€

exponential increase

logarithmic increase
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Exercise:Use the Intermediate Value T heorem
to show that there is a root of the following

equation in the interval (1,2). .
Nz = e 3% /

\

f is continuoys on [1, 2]
f(1)=(Unl) —e ¥=0-0.04979 < O
f(2) =(n2) — e/ \=0.6931 — 0.04979 > 0

19
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