Math 121 Sec. 12.7 Higher order derivatives Lec. 13

We know that f'(x) is the derivative of the function f(x), the derivative of the function f'(x) is

I
dx?

2
r d )2} . Similarly
dx

Called the second derivative of f(x) and symbolized by f"(x) or

3 3
f""(x) is the derivative of the function f"'(x) and symbolized by f"'(x) or d é; (3x) or Cclixi}

and is called the third derivative of f(x). Also the fourth derivative of f(x) is

" d4f(x) d4y . . " " "
f(x) = i = o and so on ... . The derivatives f"(x), f"'(x), f""(x), ... are called
x X

the higher order derivatives of f(x).

Example (1) Find all higher order derivatives of the function f(x)=4x> —12x> +6x+2.

Solution

S'(x)= —5 F(x)=403)x’ —12(2x) + 6 = 12x*> —24x +6.
X
£ =4 7106 =122 - 24(1) = 243~ 24
X
S () = dif "(x) = 24(1) = 24.
X

" _i " —
ST =) =0.

Hence, f""'(x) =0 and any higher order derivative more than 4 is vanished.

Example (2) If y=(2x-1)’, find y".

Solution:
’ d 5 4 d 4 4
y=—02x-1 =52x-1)".—2x-1)=52x-1)".(2) =10(2x-1)",
dx dx

y' = j 102x—1)* =4(10)(2x—1)’ .di(zx —1) =40(2x-1)*.(2) = 80(2x -1)’.
X

X

2
Example (3) If x* +8y = y*, find Z J; when x=3, y=-1.
X

Solution: By diff. both sides of the equation w. r. to X,
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= 2x+8d—y = 2y.ﬂ,
dx dx
= SQ -2 y.ﬂ =-2x = 4Q - y.ﬂ = —x . Then solving the equation for 4 we obtain:
dx dx dx dx dx
X X

Do N dy _ _
I T T T e

2

d dy e X X
sy _d =(y—4)(1)—xa(y—4)=(y—4)—x.$:(y 4) x-(y_4)=(y 4) (-4
dx’  dx (y—4) (y—4) (y—4) (y—4)° (y—4y

(y—4)-x’
I N S ) B G Mt 8
e’ (y-4) (y=4)
Cdy ((1-9'-(3)° 25-9 16
'dxzxf_l_ (-1-4) -125 125

Example (4) If f(x)=(3x—5)e™", show that f"(x)+4f'(x)+4f(x)=0.

Solution
f'(x)= %(.’m —5)e > = e_z".%(?sx -5)+3x- 5).% e

=e . (3)+(Bx— 5)i e =3 +(3x— 5).e‘2x.i(—2x)
dx dx
=3¢ +(3x=5)e > .(-2) = e *[3-6x+10]
= e [13-6x].
" d ’ d -2x d —2x —2x d
=— = — e [13-6x]=[13-6x]—e > +e " —[13-6
S(x) dxf(x) ¢ [ x]=[ x]dxe e dx[ x]
= (13-6x).e > (=2)+e " .(=6) = e " (=26 +12x —6) = e " (<32 +12x)
=4e7*" (-84 3x).
Now,
(X)) +4 1 (x)+4f(x)=4e™ (-8+3x)+4e (13— 6x) +4de>*(Bx—5)
=4e (-84 3x+13-6x+3x-5)
=4e " (=13+13+6x—6x)

= 4¢7°(0)
- 0.
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Finding rate of change of higher derivatives:

Since f"(x) = 9 d(X) ,then f"'(x) represents the rate of change of the function f'(x) with
X

respect to x. Similarly, then f"'(x) represents the rate of change of the function f"'(x) with

respect to x (and so on).

Example (5) If p=500-50g—¢° is a demand equation. How fast is the marginal revenue
changing when q = 5?
Solution
Since r = pgq then
r=(500-50g—q%)q
= (500g —504° —¢°)

The marginal revenue is ? =r'=500-100g —34".
q

. : .d
The rate of change of the marginal revenue with respect to q is d—r’

! "

d
= —r=r
dq

=i(500—100q—3q2)
dq
= -100- 64.

dar'
dq

2
dr
- 2

When q = 5 then =—-100-6(5) =-130.

q=5 q=5

This means that when q is changed by 1 unit from 5 to 6 the change in marginal revenue will be

decreased by 130.

Home Work: Solve your book pages 626 and 627, problems number: 2, 14, 30, 34, 37.
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