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Section 4: Differentiation Rules

The Differentiation Formulas

Derivative of a
Constant
Function

The Power Rule

The Constant
Multiple Rule

The Sum Rule

The Difference
Rule

The Product Rule

The Quotient
Rule

The Chain Rule

Z(©) =0

d n n—-1

— (") =nx

o ")

where n is any real number

~[ef()] = co-f(x)
S0 +9(0)] = f () + -9 (x)

S0 - g()] = f () — - g (x)

d
—[F0g(] =

d d
—[F@] g0 + -9 f(0)

@19 -g (01 f @)

% [f(x)

gl [g(x)]2

LIf(g@)] = £ (9()  g'®)

Or in prime notation

F9)' =f'9g+4g'f

Or in prime notation
({)' _fl9-9g'f
g g*

Or, if y is a function of u, and u
is a function of x, then
dy dy du

dx du dx
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Find the derivative of each of the following functions using the differentiation rules. y= e
- o a
Derivative of a Constant Function: - (c)=0 f{ - O
B /] __ 8800718 40_1: _
1) f(x)=60 f &) =0 1b) y = =—+ 62768.32 )
"o y=TC
Y= Y, -0
The Power Rule: % (x™) = nx™1 where nis any real number
2a) y=x" d S S-1 2b) g(x) = x~° 3 [X)— -bx
-3
=~6¥

=Sx

The Constant Multiple Rule: == [cf (x)] = ¢ == f (x)

3a) y =—Ax Y == "f ﬂ'{ (’0 3b) p(x) =3x" %sz 3 ;.‘l;(xa)
=-4 (]XM) =47y
=4 =-4 = 2x

The Sum Rule: % [f(x)+g()] = %f(x) + %g(x)
The Difference Rule: % [fC) +g00)] = %f(x) - %g(x)

1 2
4a) vy =2x?* +4x3

CLYCIOREICEY -———’g]__
y'= 24 (x 3*‘1£(x) VER 5%

y=2(% % ‘)"""( X)

4c) y=-2x" -5 —Tx 4d) W(x) =4x~ —3x7
u . Wed= 44 (x ) —3;“,((,(')
W) y=-2s -S¥ TIF - y(#x7) -3¢15)
4. gy -0x-T WQ)= 28"+ 3x "

o%
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Review Properties of Exponents Examples
3 1]
Product Rule xM . x = ymtn ¥ y3 — \/%* - \/
Quotient Rule X2 ymen h (x #0) a’ _ 2~ C
Pl where (x —= o za
Zero Exponent x0=1 where (x # 0) w = }

Power Rule

() = 5o

Power of a Product

(x-y)"=x"y"

Power of a
Quotient \

where (y # 0)

Negative Exponent

= xin where (x # 0)

Rational Exponents

1
an = Ya

where Va is defined on R

64 = 2eq = 243 =4

o = (%)m e @ = Vam™

3[4 = (J=)

. 4 sS4 4y
Rational Exponents where m and n are positive integers and (32)5 = 1t |=2
Va is defined on R /:7;" =
@Y |=/b
24
. (6
5. For each exercise below,
i.  Simplify and rewrite each term as x™ with exponent in the numerator.
ii. Find the derivative.
Function Rewriting the exponents Derivative
1 1
y=—2+— y=x‘2+x‘1 y'——Zx_?’—x_2
X X
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Function Rewriting the exponents Derivative

A
2

2
1 y=x - X
y—ﬁ—\/i
I 2 ﬁ '~3L_| 3 2-)
., = I 3N+ X
1 s Y¥YEx + X
y ==+ (Vx) s .
Ix 3 zX
Y s .5 R
s ,<“" = x_ﬁ' y&):’fi
y=(x) Y= =
ly\ = T~
v = 77 X!

y_x3+3;\¢2+6+7x‘3 y=x+3+é)(—z"‘ ;ZX'I
- 2 -3 -L
* y=)=2x T =35x
_2 X s dy_
PETRE A TE &
-l -1 <
2x3 —x?+3x-5 -3 T2 7-—5)("
y= y22x =X X
Vx

sy 3 1 =
y=2xt - x 435Kt dx
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The Product Rule: % [fG)g()] = % [FfCO]-gx) + % [g()] - f(x)
or

o) =fa+af ol + uy

)

6a) y=x"'(2x+3) 6b) g(x) = 3x — 7)(x% + 6x)
£y |‘3=ZX*3 %;‘FIS"”Fﬁ,
FRC8ER) (Aed+ 0
= Ex4 12 42y
= Joxd+ 124"

4 [f0)] _ s @Tge—zlgClf ()

The Quotient Rule:

axlg(l — [g@)P?
(LY ~Lo-g 2 1salweys eneccdes
g g? L «,uay! dnsniachov
2 L_-
7a)y:3;‘+l 7b) Q(X)=3x?x_2x = 4 hlr,ﬁx LX
) t's — 44/ F=1%x | §=6x-2
fF=X | 3—"—5“"1 Y= q- /iy Ao -t/
=1 |93 g0z
3 y'= (1) (3x+1) = ()(3) N
(fia(-l—l)'L - ()Xx)(ﬁxL-—ba —(ZT\XL>(4><”®
34l -3x axt-2x )t
T (3x+| )2 5 ( )
/ | = S9xc 3bx® SSYC 418,
Y7 T (ax )t (32 - 2)"
- —IBx =B

(Sx‘—zxy‘ - _/,(/"‘/{3»(-2)1'
J§

" (o A

1
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The Chain Rule: %[f(g(x))] =f"(g(x) g’ (x)

Derivative of the Derivative of the Derivative of the
composite function ~outside function f inside function g
fg(x))
. . . . . . dy dy du
If y is a function of u, and u is a function of x, then the chainruleis — = —"+—
dx du dx
8. Find the derivative using the Chain Rule
f'
Hou . a) y=(x*+3)° b) s(x) =2(5x—500)' "
7 A\Y
X > (x +3 )
} E‘—y = -F/(u) - W
X2 u=x 4’3 ¥ /
5 RIS
5 fl)zu = Su Y
X +
I
= §(x+ 3} (2x)
t \H
= )bx (x*3) N
— L _ 8 - 2
y=+v3x+1 = (3,(.;.])1_ dy = et - 8 <SK “’D
) !
y=F'(u) W
-1
= ZI M z Y 3
-1
- L z.
=L (s3x41) % -3
_d
=3 (Sx-!'D *
2
/_ 3
J = —
Ry
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9. Find the derivative using combination rules

a) y=—4x?(2x3 —14)*

b) y =x3-vx2+3




SECTION 4 SUPPLEMENTARY EXERCISES

1) Find the derivative using the Power Rule. Rewrite each term as an exponent if necessary.

a) f(x)=5x"3+43x%-2 B —4x?+8
-3 1 f) ¥ =————— (Do not use quotient rule!)
b) m(x) =x2 + 3xs X
) y=6vx—Vx 5x% —2x+1
2 g) f(X)=———— (Do not use quotient rule!)
d y= £V + 9x b

5
e) s(t) =t? +5

2) Find the derivative using the Product or Quotient Rule.
a) h(t) =@t+3)(t—-7)

b) y=3xVx+5

+5
0 p(x) = 5—
) Y= Te

3) Find the derivative using the Chain Rule and combination rules.
a) v(x) = (2 — 4x)100

b) v(x) = —x3(2 — 4x)100
c) y=vVx?+3x+4

4) Find the slope of the tangent line to the curve f(x) :—3x2 +X at the point (2,—10) using the

differentiation formulas, and find the equation of the tangent line.

5) Find the slope of the tangent line to the curve f(x) :x3 at the point (—2,—8) using the

differentiation formulas, and find the equation of the tangent line.

6) Find the slope of the tangent line to the curve f(x) =

at the point (5,—1) using the

differentiation formulas, and find the equation of the tangent line.



