Math 121

Sec. 12.1 Derivative of logarithmic functions

First we recall some of the basic laws of logarithmic function:

o log, =y where b’ =x,

e log,(mn)=1log, m+log, n,

o logbﬁzlogb m—log, n,
n

e log’ =Inx

(here the number e is called the base of the natural logarithm In x).

. Inm
[ 10 b =—,
Inb
e log!=1.
Rule (1)

—Ilnx=—.
dx X

Example (1) Find % if y=2Inx.
X

Solution

y' = Zilnx = 2(1) =
dx X

From the chain rule

Now, consider y=Inu, u=f(x), we need to calculate Z—y ,
X
we have ﬂ = Qﬂ, and Q = l Thus, —
dx du dx du u

following rule:

2

X

Rule 2) If y=Inu, u=f(x), then

@_1 du

dx u dx’
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Example (2) If y=In(1-x"), find ? .
x

Solution
Let u=1-x’ theny =Inu and d—y=l, %=—2x,
du u dx
From rule 2 we have, @ = lﬂ then @ = (l).(—2x) =— 2% -
dx u dx dx u 1-x
dy
Example (3) If y =In(3x—-7), find g
x
Solution
Let u=3x—-7 theny=Inu and ﬂ:l, ﬂz?),
du u dx
From rule 2 we have, Y = l@ then 4 = (l).(3) = 3 .
dx u dx u 3x-7
. ody . x* -1
Example (4) Find — if y=
dx In x
Solution
d d
Inx)—(x*-1)—(x*-1)—Inx
w_d o gD
dx dx Inx (Inx)*
(Inx).(2x) — (x* —1)(1) 2x1nx—x—i—l
_ X _ X
(Inx)? (Inx)*
B 2x*Inx—x* +1
x(In x)?
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Example (5) Find ? if y=In(x"+4x+5)".
X
Solution

Let u = x* +4x+5 then y =Inu’, and this implies that y =3Inu. Also, %:2x+4 and

x
& _3
u u
Since de_yﬂ then Q:i(2x+4)=3;(2x—+4)'
dx du dx dx u (x" +4x+5)

Example (6) Find ix2 Inx .
dx
Solution

ix2 Inx = lnxix2 +x° ilnx = (lnx)(2x)+x2(l) =2xInx+x=xQ2Inx+1)
dx dx dx X

=x(Inx* +1).

Example (7) If f(/) = ln(%) , find %

Solution

af

Let u = 1+l then f(/) =Inu, this implies that — = l, and
1-1/ du u

d d
L P A () () B () (W S RO By

dl (1-1)* (1-1)* (1-1)°
2
(1-n*
Now, from the chain rule we know that LAC) :m.ﬂ, then
/ du dl
a_1 2 _(l—l) 2 2

A u (=07 1+ a=0F (d-D+D)’
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Example (8) Differentiate y = log;.

Solution

Notice that, y =log) = ln_x’ then
In2

d d Inx d 1 1 1
—y——(—)———(lnx)=—.— .
dx dx In2° In2dx In2 x xIn2

Example (9) Find the marginal-revenue function if the demand function is p =

Solution

. . .. dar
The marginal revenue function is —,

dgq
. 25 25¢q

Sincer=p.q, thenr=pg=p=—-—"-—(¢)=p=———
p.-q pqg=p 1n(q+2)((I) p (g +2)

In(g +2).(25)-25

bod a5y D925
. the marginal revenue — = — -
dg  dgin(g+2) [In(g +2)]

25In(g +2)— 24

In(q+2)

(g+2) 25(g+2)In(q+2)-25q

[In(g+2)>  (g+2)In(g+2)’

Example (10) A total-cost function is given by:
c=25In(g+1)+12,
Find the marginal cost when q = 6.

Solution

The marginal cost is de
dgq

£=i[251n(q+1)+12] = 25iln(q+l)+0 =£.
dg dq dg qg+1

25 25

When q = 6 the marginal cost is de = =—.
dg| . (©)+1 7
-
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Home work: solve the book page 595, the following problems:
[18] Differentiate y = x” log}.

2

[20] Find the derivative of y = x
Inx

f4

l+¢+1°

[26] If £(f) = In( ), find f'(2).

[32]If y = In[(5x +2)*(8x—3)°], find ?.
X

[50] A manufacture’s average cost function, in dollars, is given by

350
In(g+2)°

C =

Find the marginal cost (approximated to the nearest two decimal places) when q = 40.
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