Differentiation, Product and Quotient Rules October 14, 2019

3.3 Product and Quotient Rules of Differentiation

GOALS:

1. For functions that are not simple, recognize
those with products and/or quotients.

2. Learn the Product Rule and when to use it.

3. Learn the Quotient Rule and when to use it.

Study 3.3 # 111, 117, 139, 143-147

Class Notes: Prof. G. Battaly, Westchester Community College, NY

) i . Homework
Calculus Home Page derivative practice X
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Calc Web Pages

3.3 Product and Quotient Rules of Differentiation

y= Xrx- Fd
adrL

Class Notes: Prof. G. Battaly, Westchester Community College, NY . Homework

Calculus Home Page
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derivative practice
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3.3 Prodgct argj Quotient Rules of Differentiation
%{z X +X

_ 3/ 2 :
g—X(XﬂLD F%

How do find derivative?

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Caleulus Home Page _Homework  derivative practice

a
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3.3 Product and Quotient Rules of Differentiation

‘3: WD Ff%

How do find derivative?

- XC+)<&
¢

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page derivative practice
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3.3 Product and Quotient Rules of Differentiation

=

A
%&&x*x iﬁ

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page

VOL = X kY Xm Xn = xm#n

) _ Homework derivative practice

5 | . {
3.3 Product and Quotient Rules of Differentiation

y .
(3=<x—0(>< +n  Féa
How do find derivative?
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework derivative practice
@ @ a8 P
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3.3 Product and Quotient Rules of Differentiation

Y- (x=1) (x +D F;%
How do find derivative?

-

Z&L:Qx

o

Class Notes: Prof. G. Battaly, Westchester Community College, NY . . .
derivative practice
Calculus Home Page
Homework |

a @ a

3.3 Product and Quotient Rules of Differentiation

Y= PR CEDI-t

How do find derivative?

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page
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Homework derivative practice
' a
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3.3 Product and Quotient Rules of Differentiation

461: JX (x40 fi

How do find derivative? Slmp“fy first

3 RX"‘FL" ................... Xm\xa

Class Notes: Prof. G. Battaly, Westchester Community College, NY

@ a a

Calculus Home Page __Homework derivative pl"ClCﬁC@

3.3 Product and Quotient Rules of Differentiation

What about a product we cannot expand,
or is too difficult or tedious to expand?

We need a rule to handle these.

Class Notes: Prof. G. Battaly, Westchester Community College, NY

&

3: Gad(fxvy ) | Y= xx+3°

Calculus Home Page EH"meW"‘k derivative practice
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3.3 Product and Quotient Rules of Differentiation Product Rule

u\
PRODUCT RULE:

If f and g are both differentiable functions,

then d[f(x)gx)] =f(x)g'(x) + g(x)f'(x)
dx

s x(rxl
< R+ ) &
fé: agnhﬁwx'*’&‘ el

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home P S .
& e Home e __ Homework _ derivative practice

3.3 Product and Quotient Rules of Differentiation
The easy way:

() lxa Fid .
3 wr %:&x

Even though do not need the Product Rule,
it should work to find the derivative.

Class Notes: Prof. G. Battaly, Westchester Community College, NY . . .
Calculus Home P derivative practice
alculus Home Page Homework @

a a
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3.3 Product and Quotient Rules of Differentiation

The easy way:

SYGead Pk T
3 w fégiL:;zx

Even though do not need the Product Rule, 22
it should work to find the derivative.

dy =(x-1)(1)+x+1)(1)

dx
dy =x-1+x+1 =2x
dx
Class Notes: Prof. G. Battaly, Westchester Community College, NY . . .
Calculus Home Page Homevork C:llder‘lva‘rlve practice
a Q -+
3.3 Product and Quotient Rules of Differentiation Product Rule
3 - “
=X (kD FA
anL
[ [
dfix)gx)1-=1(x)g(x) + g(x) f (x)
dx
%Zi&f&’;{?ﬁﬁ?&)(‘
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page ; : :
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3.3 Product and Quotient Rules of Differentiation
3 o :

ta{— X (x+) Fray

ant

dlfx) ax) ] =fx) g'(x) + gx)f'(x)
ax :

iQ&: (2 + X+ 13(3@
B (

y
- o?x(waSX 43¢

< S5t

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Product =Rule
®

Calculus Home Page _lHomework derivative pr‘ac‘rice

5 ] L @

4= W43

%ch“ﬂr 2x*

3.3 Product and Quotient Rules of Differentiation

112, f(x) = (x +2)(2x% - 3) o

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Homework

a @

d[f(x)ae)1 =f(x) g'(x) + g(x) f '(x)

Product Rule
a

derivative practice
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3.3 Product and Quotient Rules of Differentiation , ,
dlfx)aed1 =f(x) g (x) + g(x) ()
112 f(x) = (x + 2)(2x% - 3) dx

i'&) *:.(><~)-z,\ 0((23(\-—'3) + (')v:”-S) A &3 2)
o~y

S (x+2) (FA) + (20-3) 0)
= Yx%4 8K + 243
= bx*+3x-3

expanding:
f(x) =2x3+4X2-3X-6

Product Rule
a

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Homeworl k derivative pI"GCTiCe

a8 a8

3.3 Product and Quotient Rules of Differentiation

d (a1 =f(x) g'(x) + g(x) f (x)

f60= (6x#)0-3) & g0 ”

Product Rule
@

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Homework derivative practice

a @
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3.3 Product and Quotient Rules of Differentiation QPVOD{“Ct Rule

df(x)ax)] = f(x) g'(X)_+ a(x) f'(x)
ax

/&) = M(@ E 0D

6= (e AL 5 (x=2) dlded)
(6= @Dty g
o) G
= 6 IS rba™ 1,

EENTIEPYIS RN

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page "~ Homework "der‘ivaﬂve practice
-

" |

3.3 Product and Quotient Rules of Differentiation , ,
d[fix)ax)] =1f(x) g(x) + g(x) f (x)

3(5):(? (4-5%) F g9

Product Rule
8

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Calculus Home Page Homeworl " _derivative practice
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3.3 Product and Quotient Rules of Differentiation

yg(s): (;,/(q_ s‘) F: g’rs)

=s (AI—SL>

(e $hACED oL
s a3

ENEDE! (4- (L <)

=0t (L/SXQ'TV

¥/

2 i
= -Qs  F =S
s
=-48° +4-8° = 4-5¢°
28(1/2) X(HZ) 28(1/2)

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page Homework

| a

|

dL a1 =f(x) g'(x) + g(x) £'(x)

dx

derivative practice

Product Rule

3.3 Product and Quotient Rules of Differentiation

EXTRA
G:oy=ax (4-x3) Faq
J Af

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

5 ]

Homework
|

dfx)ax)1 = f(x) g'x) + g(x) f ()
dx

_derivative practice

Product _Rule

L]
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3.3 Product and Quotient Rules of Differentiation Product Rule
]

df(x)a(x)1 =1(x) g'(x) + g(x) f '(x)
ax

. ) F
GHQX“‘X) %

%: Qx<-3><a>+ (‘z‘—xz)(éﬁ 4= - ax

ﬁ_ .3
3 3 = - ¢x
= =(x+§-2x o

—3x+ 8

/)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page

a8

Homework

3.3 Product and Quotient Rules of Differentiation

g(é)—‘ 43 e ae7)

QRuotlent Rule
. |

Q-7
d[N/D] = Dd(N)-Nd(D)
QUOTIENT RULE: dx dx dx
If f and g are both differentiable functions, D2

then the quotient _f is differentiable at all x

g9
such that g(x) = 0 and

:' Di
g) | _gM)/'(x) - f(ng'(x)
Hej
Class Notes: Prof. G. Battaly, Westchester Community College, NY
ucalc“l‘“”“mc Page Homeworl K __derivative practice
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3.3 Product and Quotient Rules of Differentiation
QUOTIENT RULE:
If f and g are both differentiable functions,

then the quotient _f is differentiable at all x

g
such that g(x) = 0 and

d{f(x)J
g | _ g/ () - [(0)g'(x)
dx [gof

d[N/D] = Dd(N)-Nd(D)
dx dx dx
D2

= Dd(N)-Nd(D)
D2

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page
. Homework
A . ]

derivative practice

Ruotlent Rule

a8

(x)= X

A ¥

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

@ Homework derivative practice
— —

1

f(x)}
g | _ g /') - /()g'(x)
dx [gf
= DdN-NdD
D2

© G. Battaly 2019

13


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/audio/quotient_rule.mp3
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm

Differentiation, Product and Quotient Rules

October 14, 2019

d{f(x)

g(X)] _8W/S['X) —f()E'(X)

/(x) =

dx

7
%/U\ = (DX wedlu)

at
X+

(XFN)E
JURIyY, I

T SO

g’/x\ -

——

= DdN-NdD

[gf

D2

using definition of derivative: shown to appreciate the rule as
being less complex than the definition to find the derivative

g/x

/( *|
l , L\ ><
N e T,
h () (X))
/ OH-HQ*I — X (e
(A Eh ™) (P
Lo X~ -
G the0) (D
,k |

-,dm\

h-2?

i .

( X+ k>~|§f>u~»§

TGN
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(t-7)2

< (3¢ 7)) = (£+a))
(Q¢-7)°
S Y ~[NE A
(Qr?f‘

oY

A o
(1)

no common factors;

(simplify)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework

3.3 Product and Quotient Rules of Differentiation ®uotient Rule
&
2 S
(6): 'é +3 ‘{%} g — f@E' ()
g - dx [eF
-7
= DdAN-NdD
D2
Class Notes: Prof. G. Battaly, Westchester Community College, NY
3Calculus Home Page ) Homework
3.3 Product and Quotient Rules of Differentiation Ruotient Rule
a
pd f(x)]
d
M) < €+2 {g(x) _ 801 — S8
-7 dx [ef
2 3 - = DdN-NdD
(e DA () - (t52) 4D B

cannot reduce to lowest terms

derivative practice
I
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2
") ¥, + l using definition of derivative: shown to appreciate the rule as
‘ﬁ( = being less complex than the definition to find the derivative
-7
(cel) ~
S ACTNE 19 {l<en (“L\\*l
-~ 7?
o D\ 'lfx

[ETANIRY X 3
Q(y*—t\*—q_ X -7 -@&‘L‘\~a[}x—ﬂ

n [16\*“ -2-][@! ’ﬂ

= @{4-'0‘-#1][:,1&-7] —‘(ﬁ(\-'—'DDé(“}'?
L2 G -] x 7
- (>(+91(1.4_7) LYx-14 - [(x“iﬁ) Cax +2h “’zﬂ
h L2 Gl =7) [ x ~ﬂ ™
=t ) Cox ) -1t - [ 2800 Ly L\.u;]
NEIC IS

3 * -~ ES T
LR LURSS N AT PO IRV FA VIV
,Qz ng\:‘ {-7x1 —L(X+I}( - 71\

I L& (b ~7][gx ~:{J
i 2L RK Y hye— ] K= 4l ,_;xizl«v—lvx—?k-%
N e e S ) )

;x?zlq 14 x=Th-4
CXIATh -1y o -y

e =/0A\Aﬁ XX =ThT,
{ x) WD _l(\(*ki—‘)?[gxf]? W
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3.3 Product and Quotient Rules of Differentiation ®uotlent Rule
]
2
116. f(x) = xz_+4 d[{g[((x;Lg(x)f'(x) — S92
x“—4 dx [eF
= DdN-NdD
D2

Class Notes: Prof. G. Battaly, Westchester Community College, NY

__ Calculus Home Page _ Homework _derivative practice
] ( L

© G. Battaly 2019

16


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/audio/quotient_rule.mp3
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm

Differentiation, Product and Quotient Rules October 14, 2019

3.3 Product and Quotient Rules of Differentiation Ruotient Rule
a
2
_ X + 4' S(x)

116. f(x) = 2_4 d[%Lg(x)f’(x) - /(02" ()

X d e F
= DdN-NdD
‘ . C e T _—

z Gl= = DU G alx= 9 D2

5 A
CX=9)°

=(xthlovu%+q\(m0

(x>-Y)*

- 2y 3 -
= AX - ¥x — 2% —-9)&:___[__69_(__;
(x-u)™ (x4)

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

] Homework derivative practice

- a a

3.3 Product and Quotient Rules of Differentiation Ruotient Rule
i

Glx): &> wso  Fi AT

{25 1

Can use:

1. Simplification 2. Product Rule @ 3. Quotient Rule

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Calculus Home Page _ Homework _derivative practice

S ] ] '@
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3.3 Product and Quotient Rules of Differentiation
37&{@ %‘ F: {0
= X (éwf) QX_*TX o
%(X): D‘LX +3( J 3/:_5 X a)(
- s lwxy
W - Q)y,f)—( er
()= )= Qut<) X P
{(x )~ Qxrt) (‘&X >*(X A
T+
—(ax+) .Z w 5
&X% T ax 2¢0x @
N = DdN-NdD
K@\ ;xn - Q_Xi-‘- DAN-NdD
K(x X (e) (&x+r)(-§x)
) éx/_zz_ 2 (o)
.% x X A

Quotlent Rule

Quotient Rule

3.3 Product and Quotient Rules of Differentiation

4 Fy!

-

X%3x1+l

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

8

_ Homework

derivative practice

Ay = f70)
AT {
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3.3 Product and Quotient Rules of Differentiation derivative practice
3‘

f}= X3+ F.'%f” ﬁ%fﬂ“)
%:qxs—éx

dA

!

ﬂ = /)AX L—’,é
A

k%

Class Notes: Prof. G. Battaly, Westchester Community College, NY

_ Calculus Home Page Homework

&

3.3 Product and Quotient Rules of Differentiation )
derivative practice

YOE [£(-1) Foh'(L)

)t

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

a3

Homework
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3.3 Product and Quotient Rules of Differentiation _derivative practice
&
— <
/7(9: E(/ t) _tiz. /_(]')‘t‘(':;ta
))(('y:t’/&(l*l}—) . [ % E7
h(E)= gt ~st™
=_ -5 Ye. '[%
TR wE e
€
& d(’ Z) (-0) 4. (")
a
“t (gz)+(l—t (4 +%)
Ql‘"‘(&?f)* -th n st
P TCVT s —— ot
EFalculus Home Page GH OOOOOO .
3.3 Product and Quotient Rules of Differentiation sder‘iva‘rive practice

g:{m:gx&mxgﬁxs F-'/g”x)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page

P Homeworl k
d s

© G. Battaly 2019

20


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm

Differentiation, Product and Quotient Rules October 14, 2019

3.3 Product and Quotient Rules of Differentiation

g{@ =g x©0x 7L§x R /6"x
s oS- 52X 119

1) = 2 Ox' = 200% + 30X

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

a8

Homework

3.3 Product and Quotient Rules of Differentiation  derivative practice

o () Py | g

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

|

Homework

© G. Battaly 2019


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/audio/quotient_rule.mp3
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm

Differentiation, Product and Quotient Rules

October 14, 2019

3.3 Product and Quotient Rules of Differentiation

G- ./
/‘Z(Y]—YO_XLfsj F-{/)z)

X()(J—%)'YX
v((xh v — _Ix = K+ 3

X+ 3

- et~ Joms

(x+3)

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

3 |

€ NIGED)

To reduce to lower terms
(RLT), need a factor of
(x+3) in numerator which
would cause numerator to
=0 when x=-3. But when
x=-3, num =-12. So, no
common factor, no RLT.

Homework

Ruotlent Rule
3‘

3.3 Product and Quotient Rules of Differentiation

G Z/y):mﬁazx” = {’”ﬂ

Class Notes: Prof. G. Battaly, Westchester Community College, NY

Calculus Home Page

a3

Homework
|

derivative practice
3\

© G. Battaly 2019

22


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/audio/quotient_rule.mp3
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm

Differentiation, Product and Quotient Rules

October 14, 2019

3.3 Product and Quotient Rules of Differentiation
G Z(y):ms,zx" F {’m
(&: +SQ<&X ) (’(v)
< [~¢9x
‘g(x (U(Sx ) gﬂ/")
=72 x
J 78S (x)
2
:xv13>zh‘/ F i&}
3 by
= (/)( *é)(
RS
Ay s lax *é
iy
Hcmculus Home Page ‘ ~

oooooo

© G. Battaly 2019

23


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/homework/3_3_rules_prod_quot.htm

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23

