3.8: Higher Derivatives

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

(f'Y =f"  second derivative _F'“_: 1[’(2)_ d 2L )
B dxl- f /);>

Alternative Notation: If y = f(x) then

" " y ‘
' = 1) = T = D fla)= D(D;f(x))

Similarly, the third derivative f”' = (") o

2 3,
V" = F(a) = = (d ) - 5 = Dfa).

dz \ dz? - daz3

In general, the n'" derivative of y = f(z) is denoted by ") (z):
d dn_l'l,f
|,T|!.,| lﬂ.J = e mn .
- 1) = 5 () = DS @)

=D(D7y)= D" (Dy)=

oJx"
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EXAMPLE 1. Ify = 2%+ 3z + 1 find f™(z)  n=1,2,%,-- -

.["(x)?— Sx'+ 3

£ = (Sx"+s)' = 20x°
£ = (209)' = 60%°
-fm)(x) - @o ,@1:_ (20 %

£ m(x) = (120 x)' = 120

fl‘)(‘)l’) <O
£ (x)=0 fll all 36 (Crdgrmn)

CONCLUSION: If p(x) is a polynomial of degree n then, p“':'(:r) =0 fork>=n+1.
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EXAMPLE 2. Find the second derivative of f(z) = tan(x?).

' = ,%Z (tan (x3)> = sec®(x®) (3x9)=3 X2 4e>0%)

!
£i(x)=3 (xzm‘(x‘»
= 3(2)‘ aec” C"3) + x5 2 Sec (x°) w(xi)wb@).gxz)

o) (e
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EXAMPLE 3. Find D2%sin 2.

F‘? D Sinx = (SinX)' = AX —\ O\Ide

o o D(Dsinx)= Dlewx)= —Sink | o loght

D’ sinx = D( OF Sinx) = D(- Sax) = —Gesx
Dq sinx =D ( D's sf""-) =D (- )= szq
DSSH\)& = D( BLIST"IK) ——DCSIAX.B /

Dg Sinx = Dq (Dq §M>¢> = Dq/Smx) = Sinx

Yk

- KJ
S 'e ]e 5 D —PI”X- 51/7
,“L 1—0 - 1 c l U)e ne be
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T "k

D Sinx = SinX ‘_7

Hqk+/ Yk Vg
SinXe = D (D yinK}:—D(}imz)
= Ces i

‘{K«r?_ ‘/k"‘/

D Siny¥ = .D (_D g/'nK)GD[WV): -S;")'

et 3 Gkt2

D Sin X = D (D ;,‘,,><) =) (—Sinx)—_-,.quz
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EXAMPLE 4. If f(z) = — find a general formula for its n*® derivative.
T

1
()= =X o n ~ (ntl)
Ce - £ = 4 £760= () 12:3.n X
(x)=- X =-7% \
- -3 n.
-Y"(x):—(-z\l;:ll (o!=1)

X

'L’ (Y\\ n \
{@(3@ = —=2:(5/&L \{)’ ()= N. l
'~ ‘ -5 nt 1
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i Uvtar wrolion
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.)

S\ ()= U(k) a(t) = o'(t) = &"(2).

-
EXAMPLE 5. If s(t) =t — %1‘2 — 30t + 12 is the position of a moving object at time t (where s(t) 1is

measured in feet and t is measured in seconds) find the acceleration at the times when the velocity is zero.

Cirst Gind Yime b such thar  vl)=0
)= S @) = (- La30E413) = 37 ax —20
=23(+ -3 ~10) = 3(+-5) (x+2) =0
Th rewicins T find o (5)
(8= () 3 (s iy =3(349)
o (3) = 3( 2.5 -3) ;\3\7/\ 1/

—_—
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circular  wmokon

EXAMPLE 6. Sketch the curve traced by r(t) = {(cost,sint) and plot the position, tangent and acceler-

T
ation vectors af@ ‘\—1 FJ_
Y (— Y={ =

osiHony
(']E\) - <~ E E)

2 0 9

r l(,f) (- Sint, Coaty Tengent Veckor v \r-
- Vo

Luv. =

?“(‘Q ={-n* )“Sm%') outelaradion ( ) < 7

I W
| '(‘“/q) ’&(‘;’)=—?(1ﬂ Po'\w\:"

Ca.d\vi oC\\B tnw axds
(c,e»\*mve.&-aﬁ) ond

M‘.g\ rs perpenliodac
Yo velstivy %(‘%"?'(qu) '
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