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2.3: Product and Quotient Rules and Higher Order Derivatives

The Product Rule:

%[f(x)g(x)]= FOAg' () +9(x) f(x)

“the first times the derivative of the second plus the second times the derivative of the first”
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Example 2:  Find the derivative of f(x)=(4x*+x*-2)(x" +8).
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Example 3:  Find the derivative of f(x)= \/;(x5 —3x% +12x).
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Example 4: Find the derivative of (4x +1)(\/§+——2x).
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2.3.2

The Quotient Rule:

i[ f(X)]: g(x) f ') - f(x)g'(x)
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Example 5:  Find the derivative of f(x)= 4—)‘3 .
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Example 6:  Find the derivative of g(x) = - R GGL% = ’%—5 Y
a\
(32 AR — A (B2
NG = —
% (xD X
2.
L @ BR-ATG) 8 ey =
- (x> (;&—%’252'
D o(:t]}ral E\g,(gJ 6(-%,__ %;/’ng:‘ S, _ — A& *‘\(QX
. N SA AN - Lg \fz,
o WIS 20maSS vRS, Cop M- diiuns 2.\ =D
Example 7:  Find the derivative of f(x)= x;/—;x“ .
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Example 8: Find the derivative of f(x)=x*sinx.
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Example 9: Flnd the derivative of f(x)= x+sinxcoSX.
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Example 10: Find the derivative of y==— .
sin x
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Example 11: Prove that %(csc X) =—CscCXxcot X . \ — c% \
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Higher order derivatives:

Once the derivative of f(x) if also a function, it is possible to find the derivative of f '(x) too.
This is called the second derivative and is denoted f "(x). The second derivative gives the

instantaneous rate of change of the derivative. In other words, it tells us how fast the slope is
changing.

Similarly, the derivative of f "(x) can be calculated and this is called the third derivative f "(x).

In general, we can keep calculating the derivative of the previous derivative. The nth derivative
is found by taking the derivative n times. The nth derivative of f is denoted ™ (x).

Other notation: y', y",y",...,y™
dy d’y d%y d"y
dxdx? Tdx® T dx”
D'y,D?y,D%,...,D"y

Example 12: Suppose that y =-7x° +6x" —%. Find y".
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Example 13: Suppose that f (x) =3/x . Find the second and third derivatives:

N
R = X
| \ '{7/—5 i \ \
£ Q== T S-S E NG pve

o \ _;e.’%'\> , 7
CO-=03% )--5* 7 -
W\ oy -_S_S(K% \0 T3 (o
- 5 = — X =




< _/
\ )1&:@( bu/&"?\\ \ch - 2.3.5
Riione
(con e M'ﬁ“&“@
If the dependent variable t represents time, and the function s(t) represents theYosition (distance
from a particular point) of an object, then
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Using derivatives to describe the motion of an object:

o the velocity v(t) is the first derivative s'(t) :%.

o the acceleration a(t)is the second derivative s"(t) :% .

e the jerk j(t) isthe third derivative s"'(t):%.

e the speed is the absolute value of the velocity |v(t)| =

ds
d

Example 14: The position (in feet) of an gbject is given by s(t) = t‘@'ﬁZt + 7, witlst measured
in seconds. Find functions representing th@/elocit@cceleraﬂon, andgerk. Find thevelocity and
acceleration after 1, 2, and 3 seconds.
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