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27/6/17

Unit 1: Differential Calculus - Lesson 6

Higher-Order Derivatives

LI

e Work out Higher-Order Derivatives of a function.
e Use Higher-Order Derivatives to prove identities.

sC
e Repeated differentiation.

Jan 10-12:11



006 - Higher-Order Derivatives.notebook June 13, 2017

Higher-Order Derivatives

When a function y = f (x) is differentiated once and that
derivative is differentiated, the result is the
2" Derivative of y :

d* ,_ dfd

dx ° dx \ dx

The n'" Order-Derivative of y is the function obtained by
differentiating y n times:

d" ,_ df.d d .4 ,\...
dx " 4 dx \ dx dx dx Y

differentiate n times

n dashes
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Example 1
Find the first 4 derivatives of y = x°.
y = x°
y' = 5x"
= y'' = 20x°
= y'' = 60x?
= y ® = 120 x
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Example 2

Find the smallest value of n
fW(x) =0 if f(x) = x*.

f(x) =

£ (x) =

> f(x) =
N FO (x) =
N FO(x) =
N £0 (x) =

for which

><4

4 x 3

12 x 2

24 x

24

0

derivatives are also 0. So,

As the 5" derivative is 0, all other higher-order

Smallest n-value

' h =5
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Example 3

Given that y = e * cos x, show that,

y = e cos X

o
<
I

(e *)cos x + e (- sinx)

= Dy = e*(cosx - sinx)

. Dy = (e”)(cosx - sinx) + e*(-sinx - cos x)

> D’y = -2e*sinx
. D’y = -2(e¥)sinx - 2e*(cos x)
> D’y = -2e*(sinx + cosx)
D'y = -2(e*)(sinx + cosx) - 2e*(cosx - sinx)
> D% = -4e*cosx
> |Dfy = -4y
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AH Maths - MiA (2" Edn.)

e pg. 60-1Ex. 410 Q 2, 3, 4 (i)
5,7,8,9a.
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2

Ex. 4.10

2

: . d y B
a Find 1 dx(2x+1) 33

b What is the lowest value of » for which i:ﬂ(Zx + 1)} =02

3

d” 2% + 1) iii (20 + 1)°

dx3

Find the derivatives which do not equal zero for (2x + 3)*.

For each of these functions

1 write its first, second and third derivative

a CosXx b sin 2x

c % [Hint: (—1)" = 1 when n 1s even; (—1)” = —1 when » is odd.]

d lnx e f Vx g xe*
. _ dy . d%
a Giveny, = tanx, find P and 2
. dy — dY
b Given y, = In(cos x), find = and PR

¢ Write a connection between the derivatives of

9, = In(cos x) and y; = tan x.

X

Given thaty = 5"
y
)

a show that

sele

%
b show that 2 —4;
3 4
J J
¢ show that 5 24x_4'
: : dly
Given that y = ¢* sin x show that i —4y.

y=lx—1*

. dy d2y
a Fmd a and @
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2 a

Answers o AH Maths (MiA), pg. 60-1, Ex. 4.10

i6(2x+ 12 ii24Qx+1) il 48

b 4

3 Multiplications not performed to emphasise pattern.

8 (2x+3)3,48 (2x+3)2, 192 (2x + 3), 384

4 a i -—sinx, —CcoSx,sinx
b i 2cos2x, — 4sin2x, — 8 cos 2x
c i -x2%2x3%-6x71
di xhL-x2%2x°
e i 3e’9e¥ 27e™
f i %x_%,—%x_%,%x_%
g i e+ xet, 2e + xe, 3e* + xe*
5 a sec’x,2sec’xtanx b —tanx, —sec’x
driyl dn+ly2
c dx” = - A1
_ X J_ 1
7 a Y +1 7% 2x+1 and
dy (x+1).1-x.2 1 _
dx (2x + 1)? (2 + 12 x?
d?y —4 y
b Te=mrir- 4%
. dy 24 _24:v“
SR I A A
- dy .
8 y=e'sinx = - =e'sinx +e*cosx
d’y : .
=>er*smx+excosx+e"cosx—exsmx
= 2e* cos x
3
=>@=2€”c05x—Ze”sinx
dly . .
= W=Zexcosx— 2e“sinx — 2e*sinx — 2e* cos x
= —4e"sinx = —4y
d , d?y &
9 a a=§(x—1)3;@=§(x—1) 5
Jun 1-11:51
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