Section 7.1

The Logarithm Defined as an Integral
Thomas' Calculus pp.434-442



WHAT TO LEARN

v" A Brief Observation of Several Definitions
v" Definitions of Logarithms and Exponentials
v" Formulas Involving Logarithms and Exponentials



Several Definitions

Definitions in High Schools.

Let a> 0.

(1) Take canonical definition of «” for rational z.

(2) Define a” = lima"" where {z,} is a rational sequence satisfying z, — .

n— oo

(3) Define ¢ = lim(l—i—%)n.

(4) Define log,z as the inverse function of a”.

(5) Define Inz =1log, .



Several Definitions

Analytic Definitions.

Let a > 0.
(1) Define exp(z) = Zx—,
n=o0 M

(2) Define Inz as the inverse function of expz.

zlna

(3) Define e =exp(z) and a* =e

(4) Define log,z = 2%
Ina



Definitions in Calculus

DEFINITIONS
Natural Logarithm:

Natural Exponential Function:

Natural Constant:

General Exponential Functions:

General Logarithm Functions:

lanfxldt for z > 0.

Lt

e =explz)=In"'z (@ER)
e=In"'1 ie., lne=1,

o =e"M™ (a>0,a#1, zER)

log,z = (the inverse function of a")




Properties and Formulas

C . 1
Definition. lnz= f ?dt (z >0, = real)
1

Formulas.

d .1
) gplne=7
(3) Inbz =Inb+ Inzx
1
(B5) In—= —Inzx
X

(7) limlnz=o (limlhz = foo)

z—> 00 20"

@ Lmlzl=L @=0)
dx T
b
4) In—=Inb—Inz
X
6) Inz" = rlnz (r rational)

®) /%dw —nlzl+C (x=0)



Properties and Formulas

Definition. exp(z)=In""'z (z real), e=In"'1.

Properties.
(1) In and exp are increasing functions.
(2) In and exp are one—to—one functions.

() e" =exp(r) for all the rationals r.



Properties and Formulas

Definition. e” =exp(z) (z real)
Formulas.
M " =2 (x>0, z real) 2) In(e*)=z (z real)
©)) i(ﬁ =e" 4) fe"” de=e"+C
dx
(B) - er=en B) e ¥ = Ll
e
(7) 651;2 _ e.’zr;,—.’zr:2 (8) (erl)rz _ 61112 — (er)xl
e
(9 lim " =0 (10) lime" =

1) ‘/elda:zel—i—C



Properties and Formulas p.439

Definition. at =e*™ (a>0, z real)
Formulas.
(,I) am, . a.ur:2 _ a:(;l+:1;.2 (2) aiI — %
a
®) axz =q" " @ @) =a""=(")"
a
d x x xr a'T
(B) —a" =d"lna 6) /a dr = +C (a=1)
dx Ina
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Properties and Formulas

Definition. log,z = (the inverse function of a*) (a>0, a=1, z>0)

Formulas.

M 0% =g (z>0)

Inz

Q) log,z = na

(®5) logagz log,z—log,y

(7) log,z’ =ylog,z

2) log,(a") == (zER)
(4) log,xy=log,z+log,y

®) logaézf log,y

1
zlna

® - (log,) =



WHAT WE LEARNED

v" A Brief Observation of Several Definitions
v" Definitions of Logarithms and Exponentials
v" Formulas Involving Logarithms and Exponentials



