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@ Differentiation formula for the basic functions.
@ Differentiation Rules.

» Sum and constant multiple rule.
» Product and Quotient Rules.
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Definition of the derivative

Recall: As in the homework, we find that

0 Z(c)=o0.

@ 2 (x) =L

0 i (VX) =55
0 % () =3

Next we want to find the derivative of the power function f(x) = x", for
any non-negative integer.
We will use the following:
0 " —x" =
(Z _ X)(Zn—l +Zn_2X-|-Zn_3X2 4o -|-Z2Xn_3 +ZXn_2 +Xn—1)_

n terms each of power n—1

z) :f(x)

o (x) = limz_x f —
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Power Rule

Theorem 1
% (Xn) — an—l
Let f(x) = x", then
f'(x) = lim 7“2) —f(x)
Z—X Z—X
Lozt —x"
= |lim

z—x Z— X

(Z—X)(Z"_l+Zn_2X+---+ZX"_2+X"_1)

n terms each of power n—1

= lim
Zx (z —X)

= lim (anl+znf2x+ n—3 2_|_ +Z2Xn73+zxnf2+xnfl>
Z—rX

n terms each of power n—1

Xn—l —I-Xn_2X—|- n—-3 2+ -—|—X2Xn_3 +XXn_2 +Xn—1)
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Continue...

— ||m( n— 1+Zn_2X—|— n—3 2+ _+Z2Xn—3+zxn—2+xn—l)
z—X

NV
n terms each of power n—1

:Xn71+Xn72X_+_ n—3 2+ _’_X2an3_{_Xan2+anl)

/

n terms of power n—1

— Xn—l +Xn—1 +Xn—1 4 _|_Xn—1 _|_Xn—1 _|_Xn—1)
NV
n terms of power n—1
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Example 2

0 4 (x%) = 5x*.
d% (Xz) = 2x.
d% (X3) = 3x°.
4 (x)=1"=1
d% (x™) = XL

4 (x710) = —10x710-1 = —10x 1L,

£ (/) = £ () = bt

d (7)) = 4 (wt) = — Tyt
dx<X>_dx<X6)_ 6X°-

d

dx

© 06 ©0 6000O0
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Exponential Functions
Theorem 3
Let f(x) = a~, then

d
&(ax) =a“Ina

Proof:

 f(x+h) —f(x)
! _
Filx) = a h
ax+h
= lim
h—0

_aX

. a%a
= lim
h—0

= lim a* -
h—0 h

X .
=a - lim

h—0 h
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Continue...

h
Coat—1
=3 lim
h—0
=3“-lna

Note: Let a = e = 2.71828281 ... be the Euler number, then
d

— (&) =€ lne=¢€"

dx
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Theorem 4
Let f(x) = e, then

d kx k
= — kekx
g (€)= ke
Proof:
. f(x+h)—f(x)
' = |
(x) hTo h
ekx+kh _ ekx
= |
hTO h
ekxakh ekx
= lim
h—0 h
kh _ 1 kh _
= |im ekx-e——> = e . lim 2
h—0 h h—0
kx : ekh -1 kx kx
= ke 'IllmoT_):ke -lne = ke
ﬁ
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Example 5

0 £ (2¢)=2%In2.
4 (7<) =T7%InT.
% (e¥) = e~.
g (3¥) = 33~
% (e7)= —e™™

% (e72¥) = — 272
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