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DEFINITION  Derivative Function
The derivative of the function f(x) with respect to the variable x is the function
" whose value at x is

flx + h) — flx)

f(x) = Jim p :

provided the limit exists.




EXAMPLE 1  Applying the Definition

Differentiate f(x) =

Solution  Here we have f(x) = —
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THEOREM Differentiability Implies Continuity

If f has a derivative at x = ¢, then f 1s continuous at x = c.

Example: Determing /' (0) for £ {x)=|x]

—f[I}:‘I‘ 13 continuous at x =0 but

7 (x)=|x is not differentiable at x = 0.




Basic Properties and Formulas
If f(x) and g(x) are differentiable finctions (the denvative exists), ¢ and n are any real numbers,

' . - d
1. (ef)=cf(x) 5. E[r]=ﬂ
2 (fteg) =S (x)2g'(x) 6. <(x")=nx""- Power Rule
. . X
3. (fgl=fg+fg —Product Rule Y ) o
N reere 1 f(e@)=rlex)e(x)
4. E] =% — Quotient Rule This 15 the Chain Eule



Common Derivatives

d d

EI{ x)=1 E{csc X)}=—cscxcotx
%I[E-inx:l=m51' %{mtx:l=—c5-rzx
i{ms:r]=—sinx i{ﬂn"xj= :

dx dx 1-x*

d 2 d a1 1
E{ta.ux}=sec x E{mg 'x)=- —
%{mcx]=5e¢xt&nx i{t;m":rj= 1




Exercise 1. Differentiate the following functions.
(a) f(r)=(2z+1)"

Solution. By the chain rule, we have

d
fl(x)=10-(2z + 1) '. E{zx +1) = 20(2x + 1)°.

(b) f(x) = /T - cos(x)

Solution. By the product rule, we have

fl(x) = (iw«’_) () + V- (—cm{:r]) = .z,,,lf" cos(zr) — vz sin(z).



© f(z)==E=

ez
Solution. By the quotient rule, we have

z . (L sin(z) 4+ 22) = (sin(z) + 72) - L&*
() == (& sin(z) + ()61)2( () +27) - &
=e" - (cos(z) + 2x) = (sin(x) + 2%)e”

(e)?

__cos(z) 4 2z — sin(z) — z°

61‘



() flz)= (14 (14 (1+2)%)*)°

Solution. After repeated application of the chain rule, we find

f(z) =21 + (1 + (1 + x)*)) - d;i{l +(1+ (1+x)9)%

21+ (14 (1422 - 21+ (14 2)D) - (1 + (14 2)?)

==
=21+ (1+ 1+ 201+ (1 +x)%)-2(1 + z)

=814+ (1+(1+x)))-(1+ (14 z)) - (1 + ).



