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3.8: Higher Derivatives

The derivative of a differentiable function f is also a function and it may have a derivative of its
oW

(f)yY=r" second derivative

1@ = 2w = 5 (11

Alternative Notation: If y = f(z) then

y'=f"z)= da—g =Df(z). = D (D-f(x))

dr —

Similarly, the third derivative f"” = (f") or

2, 3,
3{3) = ym — fm(.’l’,':] — d (d_y) = H = qu(.r)

~ dz \ dz? dz?

In general, the n'® derivative of y = f(x) is denoted by f™(z):

¥ = [ @) = 2 (d“—ly) =D'f(x). = D( D"{(x))

= dx \dzn!

D fed = D (D%fey)
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EXAMPLE 1. If f(z) = 2° + 3z + 1 find f™(x)

£'00) = sx"+3
£8=(5') = aox®

{"'(x)=(($'a))')' - gox -
_Fu(lz\ = —fw('f) = ((@ '6:))')"); (60)("‘) ‘2120 %
4‘25: F‘fa: @(F ’(x))')DI), = 20

@ )= £V) =0 all derivatiis of order & and imere
‘F {x - are ‘7("‘/ 'lb O_

faa&)’—o For al €24

CONCLUSION: If p(x) is a polynomial of degree n then, p®(z) = 0 for k > n + 1.
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£L£G)=svnx
j : i \ find (a.ol‘s\(x
EXAMPLE 2. Find D®™S3ging. |2 Jas 4«))
d o
.F(x):Sinx .
. Dq-ﬂ,q= (ﬁnx),-'-' Cos K
0’? D?}Clx) = D (cosx) = ~Sin%
DPfa = DE-si¥ =77 % |
Du‘f‘st) = D (—CoéX) = —(- sin®) =Sinx
2.\ = 4 x g
SinX = £() = Dq-((x\ =Dg$0<3= D £)=... D -F'()

wheee K2\

Dao\"-.F(x) = Dgqu—ﬁ’a = £(x) = Sinx
.Da'o‘s £0x) = D( Daon-f(x\\= D (Sinx) SCary
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Acceleration: If s(t) is the position of an object then the acceleration of the object is the first
derivative of the velocity (consequently, the acceleration is the second derivative of the position

function.) v = S')
a(t) = v'(t) = s"(t).

EXAMPLE 3. If s(t) = t* — gtz — 30t + 12 is the position of a moving object at time t (where
s(t) is measured in feet and t is measured in seconds) find the acceleration at the times when the

velocity is zero.

Find t sudk ‘hak-

v(€) = s' (¥ =|3€‘-— 9¢ 30 =0
+t¥—- 3¢ —10 =0
(‘b - 5) (++ a) =0
=S OR t=-2<0 (disrtamd)

Find o(5)
al) = v ()= (3¢—qt-30) = 61 - 9

q_(';)-‘— 65-9= 21 'F'é/sz
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Implicit second derivatives:
EXAMPLE 4. Find y'(z) if 2° 4+ 3* = 66.

x xy¢ <66
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