CALCULUS 1

UNIT 3

THE DERIVATIVE
LESSON 4



LESSON 4
THE QUOTIENT RULE

The Quotient Rule.

The Quotient Rule says that the derivative of a quotient is the denominator times the
derivative of the numerator minus the numerator times the derivative of the denominator, all
divided by the square of the denominator.

Then,
If u = f(x) and v = g(x) are differentiable, then (f—) = #
& g

The quotient rule in calculus is a method used to find the derivative of any function given in the
form of a quotient obtained from the result of the division of two differentiable functions. The quotient
rule in words states that the derivative of a quotient is equal to the ratio of the result obtained on the

subtraction of the numerator times the derivative of the denominator from the denominator times the

derivative of the numerator to the square of the denominator. That means if we are given a function of the

u( x)

form: f (x) = —) we can find the derivative of this function using the quotient rule derivative given
v(x

above.

The following examples demonstrate how the rule is applied.
Find the derivative of the following using the quotient rule.

Example 1

. x2+6
f(x) =

2x—=17
2x(2x—7) — 2(x2+6)

(2x=7)2
4x2— 14x—2x%2= 12 _ 2x2— 14x— 12
(-2 (2x-7?2
2(x2=7x—6)
(2x-7) 2

f(x)=

Example 2

4x3— 3x2

y=
4x3— 4


https://www.cuemath.com/numbers/denominator/
https://www.cuemath.com/numbers/numerator/
https://www.cuemath.com/calculus/What-are-functions/

(12x2— 6x) (4x5— 4) — 20x%( 4x3— 3x2)
(4x5-4)2
_ 48x7— 48x2— 24x6+ 24x — 80x7 + 60x©
- (4x5-4)2
—32x7+ 36x6— 48x2+ 24x
16x10—32x5+ 16
—8x7+4 9x0— 12x2+ 6x
4x10—8x5+ 4

y:

Example 3
_ 4x3+ 2x

Y= x—6
(12624 2) (x=6) = (1) (4x3+ 2x)
(x—-16)2
1203 =727 4 20— 12— 4x3 - 2x
- (x=6)>
_ 8x3—72x%- 12
T (x-6)?

y:

Example 4

x3—x2-3
x+3
(3x2=2x) (x5+3) — 5x¥ x3— x2-3)
(x5+ 3)2
374 9x2— 2x0— 6x— Sx7+ 5x0+ 15x*
- (x543)2
—2x7+ 3x%+ 15x%+ 9x2— 6x
(x543)2

y:

Lesson 4 Exercise

Find the derivative of the following using the quotient rule.
3r

1. = Y —6y" 17y
"=55 7. wl———=
-4 y
2. g()=—r 2
1+4 8. n(r)=
3 3t+1 2r+ 1
« 25 372
S5t+2 _
12+5t+2 9. f(X)_5Z2+7z
T Lt p?
5 12+ 3t+ 1 10-h(p) = 3+ 2p?
« =
1+
1., 1. f () =——
6. f(x) = 2+ 3x+ 4x




_ 3xt45xd-5

2x4—4

SOLUTIONS
1 =
) a(n) Sr+2
)= 3(5r+2) —5(3r)
(5r+2) 2
157+ 6— 157 6

3r

q(r

(5r42)2  (5r4+2)°2

2) g(t) =——
t+4
. -4 1(t+4) —1(t—4)
g([ = =
(t+4)2 (t+4)2

Ct+4-1+4 8
(1+4) 2 (1+4) 2

3t+ 1

3) z=
S5t+2
. 3(5t4+2) =5(3t+ 1)
(5t+2)°
151+ 6-15t-5 1
(5t+2) 2 (5t+2) 2

Z

24 5t+2
4) =1TAF2
t+3

(2045 (1+3) = 1(124 51+ 2)
B (1+3)2
202461+ 51+ 15— 12— 51—2

- (143)?2

12461+ 13

C (1+3)2

<

Z

'

w

B

f

(2)

(243 (+ D) = (D (24 31+ 1)

(t+1)2
2124 2t+ 3t+3—12—3t— 1
(t+1)?2
1242142
(r+1)?

x2+3

6) f(x) =
x(2x) - 1( 22+ 3)
2

(x) =

X

2x2—x2-3 _ x2=3
2

X

3—6y2+7
7) w2l O
y

(3y2—12y+7) () = 1(y3- 6y2+ 7y)

y2

3y3— 12y24 Ty —y34+ 6y2— 1Ty

y
2y3 — 6y2 _ y2(2y—6) _
= ; =

2y—6
y? y

r2

8) h(r) =
2r+1
2r(2r+ 1) — 2 r2)
(2r+1)2
4r24 2r—2r2 2r2—2r

(2r+ D2 (2r4+1)2

(r) =

3z2

9 f(x)=——
522+ 7z
_3(5z+7) = 5(32)
(5z+7)2
15z4+21- 15z _ 21

(52472 (52472

14 p2

3+2p?



W) = 2p(3+2p2) = 4p( 1+ p2)
(3+2p2)2
_ Op+dp3—dp—dp? 2p

(3+2p2)°2 (3+2p2)2

1
11) £ (x) =L
2+ 3x+ 4x2

(D (24 30+ 4x2) = (1+0) (3+8x)

f(x)
(24 3x+4x2) 2

24+ 3x+4x2—3-8x—3x—8x?

- (24 3x+4x2) 2
—1—8x—4x2

(24 3x+4x2) 2

2x*—4
(12x3+ 15x2) (2x4— 4) — (3x4+ 5x3=5) (8x3)

y =
(2x4-4)2

 24x7—48x3 4 30x6— 60x2— 24x7 — 40x°+ 40x3

- (2x4—4)2

—10x6—8x3—60x2 20 5x4— 4x+ 30)
(2x4-4)2  (2x4—4)2




