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The Power Rule
Derivative of a constant function f(x)
") = i f(w+h) fl@) _
fi(z) = lim

=c
= lim ¢ = lim 2 =0
h—0 h—0
() =0
Derivative of f(z) = :
") = i f(év+h) fl@) _
f(z) = lim

— lim &% gy % =1
h—0 h—0

(2) =1




The Power Rule
Derivative of f(z) = 2%
. z+h)2—z2
f(z) = lim LA

— i 2+2zh+h?—a?
h—0 h

= lim hQath) _ hm 2z + }{) =2z
h—0
(z%) =2z
Derivative of f(z) = 2%
’ — 1 (x+h)3—a3
fiw) = i

234322 h+3ach2+h3—a3 __
h—0 h

= lim
Similarly,

(3m2+,3arﬁ—'i-h02;0_ 322
= 3z
h—0 \h<
(373)/ = 3:132

(3:4)' = 423
(=] = DA
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The Power Rule

The Power Rule

For any real number n  (z")" = naz" !

Example 1: (2'7) = 172171 = 17216

Example 2: (r%)/ = (272 =202 1= 23 =2

Example 3: (vz) = (22) = J22 ' = for = ;L (Vo) =

Example 4: (2™) = 2™ !

2 —1 2
= 5 3 =
3% 3z

Example 5: (V/z2) = (azg)’ =2z
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The Linearity Rules

Linearity Rules

Assume that [ and g are differentiable functions.
The Sum/Difference Rule: The function f + g is differentiable and

(fxg9) =f=*4

The Constant Multiple Rule: For any constant ¢, cf is differentiable and

(cf) = of

Example: (22 — 52+ 7) = (23) = 5(2) + (7)) =322 -5
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The Linearity Rules

_3+ _% 3 %
= —x x — =X
2
1 1 3




The Linearity Rules

Example 2: Calculate f/(4) where f(z) = %

222 —1 b1
f(x):% f/(:c)=(290+:6 - 1)
_at el =2(a) + (@8 =
R rox —2—190_%4-12_2
=2m+x%_1—x_1 a 2

_1 -1
=2r+x 2 —=x

£y =2-
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The Product Rule

Product Rule

If f and g are differentiable then fg is differentiable and

(f9)'(x) = f'(x)g(z) + f(2)g'(x)

The verbal form of the product rule (fg)'(x) = (first)’ - second + first - (second)’

Example:
(223 (42 —5)) = (223) (4o — 5) + 223 (4o — 5)' = 622 (4o — 5) +22° (4)
N—_—— N—— N—_—— N—_—— —~—
second second second’ second second’

=1322% — 3022
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The Product Rule

Remember that (fg)'#f'q .
To see this take f(z) = = and g(x) = 2. Then fg=x-2? = 23 and

!/

(fg)(2) = (2°) =32> # [f(x)g'(2)=(2)(2®) =1(22) = 22

o = = = = wace



The Product Rule
Example 1:
(x2 sinz ) = 2y
S~~~
first second

(%) sinz + 2% (sinz)
, "~
first’ Second

first

2¢ sinz + 22 cosx
_\/ ~~ - ~—~~
second’  first'second  first second’
Example 2:
(cosa:)’ -
3

=‘2a:sinm+a:2cosw‘

(73 cosx) = (273) cosz 4+ 273(cos ) = (=327 %) cosz + 273(—sinx)

3cosx sinx
xt 3
(=] = DA
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The Quotient Rule

Quotient Rule
If f and g are differentiable then f /g is differentiable for all x such that g(z) # 0 and

(j)’ (2) = f'(@)g(x) — f(x)g'(x)

top)’ - bottom — top - (bottom)’
bottom?

/
The verbal form of the quotient rule <i> (x) = (
g
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The Quotient Rule
Example 1:

top’” pottom
2 ’ \

top bottom’
, /'/2\ /'/2\/—/%
( T ) (@) (@+1) -2 (@41 2e@+1)— (@)1 |2+ 2
z+1) (z + 1)2 (a2 (z +1)?
——
bottom?
Example 2:
top’ bottom  top bottom’
, I —N— = 1 9
( v ) _ (Vo) (@ +45)— V3 (2 +5) _ ap0 +5) - Ve 5 — 32
245 (2% + 5)?

2/x(x? +5)?

N (22 + 5)2
————
bottom”
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Derivatives of Trigonometric functions
We know that (sinz)’ = cosz and (cosz) = —sinz.

top’ top bottom’
! ottom P
. / . /A~ s N
, sin x (sinz)
(tanz)" = el

—
cosz —sinx (cosz)
(cos z)?

bottom?

_coszcosx — sinz(—sinx)

cos? x
2 s 2
cos“x + sin“x
(cot )

1
cos? x
= —csc’x,

=—= sec’ x
cos? x
/ !/
(secx) =secxtanz, (cscx) = —cscxcotx
=] 5 E acy

Similarly,
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Summary

Rules of Differentiation Derivatives of Basic Functions

Sum/Difference Rule: (f +g) = f'+ ¢ (¢)) = 0 (where ¢ is a constant)
ny/ _ n—1 h |
Constant Multiple Rule: (cf) = cf’ (;r ) S (the powe/r rule) .
(sinz) =cosz (cosz) = —sinx
Product Rule: (fg) = f'g + fq' (tanz) =sec?z (cotz) = —cscz
/
_ (£ _ Fa—fd (secx) =secxtanx
Quotient Rule: (g) -2 (ecscx) = —cscx cot x
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THE END
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