2.4 Quotient Rule

A. Quotient Rule

(Product Rule) If f and g are differentiable

atxand g(x)#0, then so is A and (in Lagrange
g
notation)
(1}@) IFACHORN(CT{C
g [g(x0)]
(1).: f'g-rg
g g’

or (in Leibniz notation):

d d

gx)— f(x) = f(x)—-g(x)
if(x) — dx dx , g(x) £0

dx g(x) [g(0)]?

(Reciprocal Rule) If £ is differentiable at x

and f(x)#0, then so is % and

H‘m:— SO o

f [f ()
or
H I
f 12
or
d
—f ()
d 1 dx
——=- : 0
wrw por Y7
Practice Questions
A. Quotient Rule
1. Differentiate, then simplify.
a) f(x)=—"— b) f(x)=—-
x+1 x°+1
o) fr="2 4) f=2 !
Cx-l S xr 4l
Jx X
= f =
&) f=p— ) S0 =
2. Differentiate.
1 1
a) f(x):m b) f(x)—\/;_1
1 1
= d =
©) )=~ ) f(x) e
3. Differentiate.
a) f(x): sin x b) f(x):SII’IX
COS X e

0) f(n)=— d) f(x)= X
cos X e
e) f(x)= 13 f f)=—
ogx CoS X
Q) S == h) f(x)=n%
nx Sin x

4. Find the equation of the tangent line to the each
curve that passes through the given point.

a) y= ! - at P(L1/2)

+x
b) y=—2—  at (L)
x°+2
Jx -1
J; +1
5. Find the point(s) where the tangent line to the
2 —
curve y :x2—2x+1 is (are) parallel to the x-axis.
X" +x+1

6. For each case, find the intervals where the
function is increasing or decreasing.

1 -2
a) f(x)=—o b) f(x)="
x+1 x+2
: | x| x?
Cc = d =
) f(%) 4 ) f(x) P
2
e) f(x)=1 "1
x+1
Challenge Questions
1. Differentiate.
8) [()=S"C b) f(y= SR
e’ +e” sin x + cos x
2. Differentiate.
ax+b 1
a) f(x)=—"" b) f(x)=——
) /() cx+d )/ ax® +bx +c
x—1 3
c) f(X)=( j
x+1

3. Given that f(2)=1, f'(2)=-1, g(2)=2, and
g'(2) =-2find the values of:

a) (f/g)(2) b) (g//)'(2)

c) (17 /) (2) d) (1/g)'(2)

e) [(f-/(f+&)](2) f)[1+2/)/(1-32)](2)
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3

al - - Find the point(s) on the curve
1+x

v = f"(x) where the tangent line is horizontal.

4. Let f(x)=

5. Differentiate.

XCOSX Vxe* sinxInx
. b) c)
sin x Inx e”
d) e sinx o x3sin? x x\/ Inx
In xcos x cos? x e*sin’ x
cos X

6. Find the point(s) on the curve y = where

1+sin? x

the tangent line is horizontal.

7. Find the equation of the tangent line to the curve

I+ ot the point (0,0)

e’ +1
Answers
Al.a) f(1)-——  b) =
| (x+1)? (x2 +1)?
—-2x X
= d -
¢) /()= (X_D ) S0 =
1+@3)x

) [ ===y J_ o7 N0

-1 -1
2, = b =
3) /() (x+2)2 ) () 2x/_(x/§—1)2
__T2x = 27
0) f(x) (2+1)2 d) f(x)= (+1) (??)
3.a) f(x)= b) f(x )_M
cos? x e’
o) f(x)=2 (1n20052x+smx) d) fx )_1/x
cos” x e’
_3%(In3logx —1/(xIn10)
e) /(x)= o
f :cosx+xsinx :(1/2)1nx—1
) f=S ) St 2
(1/x)sinx —In x cos x
h -
) 76 sin? x

4.a) y=(-3x+5)/4 b) y=(x+2)/3 ¢c) y=(x-1/4
5. P(-1,4/3) and Q(1,0)

-1
6. "(x)=
A [0

<0, fis decreasing

everywhere

b) f(x)=——
(x+2)

>0, fisincreasing everywhere

, [ is decreasing on

1/(x+1)2>0, x>0
c) S'(x)= ,
—-1/(x-1D)" <0, x<0
(—,0) and increasing on (0,x)
2x(x +1)
d) f'(x)= e
(—o0,—1) U (0,0) and decreasing on (-1,0)

f is increasing on

e) f'(x) —szl f is decreasing on

(x+ 1)
(-1- \/5,—1 + \/E) and is increasing on

(—0,~1=2) U (=1 ++/2,0)

cQ1. a) f'(x)=ﬁ
f‘(x)=%

2.a) f’(x)=% b) fm:%
¢) /'(x) = 6((xx+ 1))4

3.a)0b)oc)ld)1/2e)0 f) -8/25
4. (0,0)0r (£4/3,9/8)
sin x cos x + x(sin2 x —cos? X)

sin? x

5.a)

e [(x+1/2)Inx 1]

x/;lnzx

In x(cos x —sin x) + (sinx)/ x

eX

b)

c)

e'[1+sinxcosx(Inx —1/x)]

In? xcos? x

d)

e) x? sin x(3sin x cos x + 2x)
cos® x
x/_[(3/2)1nx+1)s1nx xIn x(sin x + 2 cos x)]

e Sll’l3 X

6. y'= M . The point are (2n7,1) and
(1+sm x)

(2n+1)z,—1) where nis integer.
7. y=x/2
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