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Home work (1): Find
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Properties of exponential function
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For Examples 
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2 Derivatives

If y =Inz, then y' = 1. If y = Ing(x), then y' = 7(—7 by the chain rule.

Examples
Find the derivative of each of the following:
1. f(z) =5z

2y —5.1_5
Fla)=5~=

2. f(z) = In(14a”)
14528 5

/
z) = =2

A 142° x

Note: This is the same derivative as the last example, since using properties of derivatives,

you can show that the two functions differ by a constant.
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3. g(z) =4+ In(22% — 4)3

3(222 —4)% da 12z 6z

,
G ¥y Ry Rl

4. h(t) = t* +log, t*

Since this is not a natural logarithm, we cannot go directly from the formula. However, we

can use the change-of-base formula first, so we rewrite h(t) = 2 + %, then we can use the

natural logarithm derivative formula:
3t% 3

—2t+ -
Bz~ 0 e

K (t) =2t +

5. y=(Inz)?
Since the In is being raised to a power, we need the general power rule to find y':

2

1
/= 9. (lnz) 3. - 2 =——_2
Y (Inz) x z(lnz)3
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Example 3.2.3. Find:

@ Leos @)l B) Lo (@) [m(m”(”—z))]
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DEFINITION  The Natural Exponential Function
For every real number x, ¢* = In" x = expx.
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The graph of y = In(z) (in green) is the graph of y = e*
(in red), reflected about the line y = = (dashed)
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Inverse Equations for ¢* and In x
e =y (allx > 0)

In(e") = x (all x)
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EXAMPLE 1 Using the Inverse Equations

(a) Ine? =2

(b) Ine™' = —1

© mVe=1

(d) Ine™™ = sinx

() " =2

®) eln(.\2+l) — 241

(2 831"2 = ean’ = el"8 =38 One way

(h) 2 = (eln2)3 =2=3 Another way
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THEOREM 3  Laws of Exponents for e*
For all numbers x, x|, and x», the natural exponential e* obeys the following laws:

+
1. e'lee2 = im0

_ 1
2. e =—
e
X1
€ _ x—x
3. 5 =e
e

4. (exl)xz = 1% = (exz)xl
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EXAMPLE 4  Applying the Exponent Laws

(a) ¥tIn? = ¥ eln? = 2e¥ Law 1
—Inx _ 1 _ l

(b) e = onx =X Law 2
2x

() % = ! Law 3

@ () =e™ = () Law 4
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The Derivative and Integral of e*
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EXAMPLE 5  Differentiating an Exponential

d oo _d
dx(5e)75dxe

= 5e*
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EXAMPLE 6  Applying the Chain Rule with Exponentials

(a) ;x et =e" ;x (—x) = e™"(—1) e Eq. (6) withu = —x

d g e d -
(b) dxes"“ es‘“"dx(smx) e . cos x Eq. (6) with u = sinx
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Example

Find £ (e**).
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Solution

This is an application of the chain rule together with our knowledge of the derivative of

et

d gpe  det Can
E(e ) = o where u = 3z’

= di X d—: by the chain rule
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Example

Find £ (e +2).

Solution

Again, we use our knowledge of the derivative of e* together with the chain rule.

e de )
E(e ) o (where u = 2° + 2z)
du .
= €' x — (by the chain rule)

dx
= ey i(:ts +2z)
dz

= (3% +2) x et
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Example

Differentiate In (223 + 522 — 3).

Solution

‘We solve this by using the chain rule and our knowledge of the derivative of Inz.

d 3,52 dlnu s 5
o In (22° + 52° — 3) e (where u = (22° + 52° — 3)
dlnu _ du .
iy ek (by the chain rule)
_ 1
T
1 d

R
223 4 522 — 3 x dz(zz Hoa"—-3)
_ 1 2
= 3 < (62* + 10z)

6% + 10z

223 + 522 — 37
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Exercise 1

Differentiate the following functions.

a. f(z) =In(22°) b. f(z)=e¢" c. f(z)=In(1127)

d. f(z) =+ e. f(x)=log (7272 f. fla)=e"

g f(@)=In(e"+2%) h. f(z)=In(e"z®) i f(z)=In (z +i)

8 —




image21.png
Solutions to Exercise 1

arw=23

P

Alternatively write f(z) =In2+ 3Inz so that f'(z) = 3%.
b. f'(z) = Ta"
e fll2)=1
d. f'(z) = (22 + 322)e”" "
e. Write f(x) =log, 7 — 2log,  so that f'(z) = —2
£ fl(x) = —e

, e + 3a?
g flx) =

et + a3
h. Write f(z) = Ine” + £ so that f'(x) =1+ %

Inz

i. Write f(z) = In(2? + 1) — In(z® — z) so that f'(z) = 2

241

322 —1

a3 —x
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Examples
1. Evaluate each of the following:
(a) logg 64 =2
(®

) logg4 =2
(c) logg3 =13
(d) log;y1=0
(e) log, 0 is undefined since we cannot take the logarithm of zero or negative numbers.
(f) log, 7 is undefined since the base cannot be one (or zero or negative numbers).
g) log, -2
(h) log,,,64=-3

—

N
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2. Write each of the following using only one logarithm:

(a) logy = +log,(z +2) — logy(x — 2) = log, I(;:r;)

(b) 2log; z — 3log;(z — 1) + 2 = log; 2% — log;(z — 1) + log; 49 = log;

4922
—1)3

@
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3. Write each of the following in terms of logs a, logs b, and log; c.
(a) logs 2 = logs a+ logs b — logs ¢
(b) logs vac = 3logsa+ & logs ¢
(c) logs % =logs a —2logs b




