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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 own:

() =r" second derivative

c d*ftn
@) = g 0D = 5 (§570) = - :

Alternative Notation: If y = f(x) then

d? .
V' = 1"(@) = 75 = D*f(a).

C

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

2, 3
ym _ fm(m) _ c_l(d y) dy —DSf(;L‘).

T dz\da?) T d®

In general, the n'® derivative of y = f(z) is denoted by f(”)(;r):

<1900 - () <z D (0 o)
——




EXAMPLE 1. Ify =2° + 32+ 1 find " (2)
B y = sxt 43 \dm:o

3“-; zox3 "'.o . -

a\“ - 60“1' L ('0.—0 FOT' n?bj
z“\_ 47'0”

(s
_\4 = 120 )

0 =0

CONCLUSION: If p(x) is a polynomial of degree n then, p'¥)(x) =0 for k > n+ 1.




EXAMPLE 2. Find the second derivative of f(x) = tan[:'c3)

f@= A O) (3 = ‘bx 4«.‘(7{ 1)
£'(» il @x‘) (%) + 3 (,,3))
= 6% nec (%) —+ . 2 “3) [m(,,s))x,-
= ox e (x*)t €A 2 pec(n?)-Ae (x ) bant) - 3




€x > W is Hwice differentiable
£ o) =h () + \[nio)
—
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EXAMPLE 4. Find D*°"¥sinz.

503
4 (2013
D&i\n‘& = )X ’_7
o - D(w,‘\ =-=8in A
D wnx 0% ¥4 = 2012
SR =2 ’
$ amn = DS
- w0
04 GynA = Dl e X) Sin

S'S{“ra_- D(S\'\t\"’m)&\

o 8= (0 5w)
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T .
S Gina) = sin%
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EXAMPLE 4. If f(x) = — find a general formula for its n*® derivative.
x

*"“)2-}‘1—
\ \ -2
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e =-C 2 )= =5
™ njeae3en
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X
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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.)
L)
a(t) = o/ () = " (1). Ui = 5"%)

EXAMPLE&. If s(t) =t — %tQ — 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.

s = ' @)= 34"—at 20 =3 (=34 110)

v(t\-_-_-s(f-g'\(-h'l'Z):-O
£L=5 , t= "2 \"‘1""";"’\g

a(t\:\r‘(*ﬁlcﬁ a3 q('53=6-'5"‘i=a]**/$;



EXAMPLE 7. Sketch the curve traced by r(t) = {(cost,sint) and plot the position, tangent and

i
acceleration vectors at t = Z

‘.(r) ,(O»E s;..I>=( 3 = ) Ppsm'cm
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Implicit second derivatives:

EXAMPLE 8. Find y"(x) if 2° + y° = 66.
K+ [y’ =
Twpl. difg. <€
15+ bfighro D 4 = g
Tmgl_ Nﬁ aoain .
30 x'+ 30y(4)+ £3° 4" =0
u— s(x +4')")
y' = -5 (7 bt ()
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