HIGHER ORDER DERIVATIVES

1. Find the first and second order derivatives of the given function.

f(x)=x*-2x"+4x> -6 f(x)=x" +4x" —2x° +2x
a) f'(x)=4x"—6x"+8x b) f'(x)=10x" +28x" —6x* +2
f"(x)=12x" —12x+8 £"(x)=90x" +168x° —12x

f(x)—\/xz—+—(x2+l)%
F= Y1) 2x=x(e 1)
)f"(x)=1-(x +1)/+(—%)(x2+1)_%-2x-x
(.2 _% 2 2| _
_(x +l) [(x +1)—x ]— 1(x2+1)%

A

f(X)=i/;+\/—:x/3+x%
f'(x)=%x_% +%x_%
d) f"(x):%.—%x_%+%__% —%:y'_y S/ y'_%x_%

—1/(// )(// )_ (;*9/)

f(x)=In(3x +4)’

f(x)=(GBx+2)’
©) f(x)=3Bx+2)-3=9Gx+27 ) fi(x)=
FM"(x)=9-23x+2)" -3=54(3x +2)

el 3(3x+4)>-3=9(3x +4)"

) =9-—1(3x +4)7 3= ——2]

(Bx+4)

f(x)=(4x+ 1)%
f(x)=") fl(x)= %(4x + 1)% 4=3(4x+ 1)%
g) f(x)= e (5x+3) 5= Se(5x+3)

h . .
fu(x) —5. e(5x+3) 5= 256(53‘*3) ) fv'(x) =3. —14 (4x + 1) A 4= _3(4X + 1) A




2. Find the third derivative of the given function.

F@)=5x—1=(5x- 1)

f'(x)z/(Sx—l)A-S—%(Sx—l)%
a)f(x)—/ /Sx N7 5o 2/5x 1)

()= — 2/ /Sx 1) e 37/5x 1)

375

8(5x - 1)%

1-—x -1
f(x)zmz(l—x)(1+x)

£ ==1(1x) 41 (14 x) 1 (1=x) = (14x) T [10+0) - 11— x) | ==2(1+x)
® frxy =2 2(14+x) - 1=4(14+x)"
12

e
1+x

=51+x%)"

5
J&O=15
fl(x)=5--1(1+x7)" - 2x ==10x(1+x*)~
f"(x)==10(1+x*)? +=2(1+x*)7 - 2x-=10x ==10(1+ x*) > + 40x* (1 + x*)°

=10(1+x7) [ =(1+x7) +4x" | =101+ x7) (32 - 1)

©) f"(x)=10-=3(1+x")* - 2x(3x* = 1)+ 6x-10(1+ x*)"’

= —60x(1+x*)™ (327 = 1) + 60x(1 + x*)”
= 60x(1+ x*)™ [—(3x2 1)+ 1(1+x2)}
120(1—x%)

=60x(1+x*)*(-2x* +2) =
( ) ( ) 1+ 22)




3.1 £(x) = (230", find £(0), £(0), £'(0), and £ "(0)
f0=(2- 3x)% =

v
F0)=(2-30) =2/ =—1 = J2

fix)=— 36
2(2- 3(0)) 2\/_

£e= Y Y (2-3x) 322 (2-3x) "
27 21 2
4(2—3(0))% 428 32

=2~ (2-3x) 32405 (23 = 2O,

o405 405 405V2
8(2—3(0))% 827 128

f'(x)=

4.Iff(x) = (2 - t)°, find £(0), £'(0), £"(0), and £"'(0)

f@) = Q2-*) =

f0)=(2-(0)°)" =2"=64

fiH=602-1) - 2t=-1212-1*) =

f'0)=-12(0)2-(0)*)’ =0

fO=-122-1Y +52-1)" -2t =12t ==122 = *)* [ (2 = 1*) + 5(=21)(1) | =
~122-t)'2-11)=

['0)=-12(2—(0)*)*(2-11(0)*) = -12(2)*(2) = -384

) ==12-4Q2—¢*) - =2t-(2—-11£*)+ 22t -—12(2 —1*)* =

2412-1*)’[4(2-11£)+11]=2412 - *)’ (19 - 441°) =

£1"(0)=240)[2- (07 ] [19-44(07 =0



5. Find a second-degree polynomial " f" such that f(2) = 5, f'(2) = 3, andf"(2) = 2
f2) = 5f(2) = 3, andf"(Q2) = 2

f'xX)=2x+c=3=2Q2)+c=>3=44+c=>-1=c=

flix)=2x-1
f)=x"-x+c=25=2Y-Q2)+c=5=4-2+c=3=c=
fx)=x"—x+3

6. Find a third-degree polynomial " f" such that f(1) = 1, f'(1) = 3, f"(1) = 6,and f"'(1) = 12.
J@ = Lf'M) = 3,f"(1) = 6,and f"(1) = 12

') =12x+c=6=12()+c=6=124+c=>-6=c=

f'(x)=12x-6
f(x)=6x"-6x+c=3=6(1"-6()+c=3=6-6+c=3=c=
f'(x)=6x"—6x+3
f)=2x"=3x"+3x+c=1=2(1 =31’ +3\)+c=1=2-34+3+c=-1=c=
fx)=2x"=3x>+3x-1

7. Note: the first derivative represents the velocity of an object as a function of time.
: the second derivative represents the instantaneous rate of change of velocity with respect to
time (acceleration)

Each equation represents the motion of a given particle with distance in meters and time in
seconds. Find (a) the velocity and acceleration as a function of time, b) the acceleration after 1 sec,
and ¢) the acceleration at the instants when the velocity is 0.

a)st)=1" -3t
s'(tH)=3t-3
a) s'"(t)=6t
b)s"(t)=6(1)=6
0)s't)=3"-3=20=3"-3=23=3"=21=t"=r=1..s5"(t)=6(1)=6

a)s)=t"—t+1
s't)=2t—-1
b)  s"(t)=2
b) s"(t)=2
O)s'()=2-1=0=2-1=1=2=1= ) . 5"(0)=2



a)s(t)=21"=Tt> + 41 +1
s'(t)=6t"—14t+4
$"(t)=12¢ — 14
b) s"(t) =12t —14 = s"(1) = 12(1) — 14 = 5"(1) = =2
©) ) s'(t)=61>—14t+4=0=61* —141+4=0=3" Tt +2 =

0=(3t-1)(t-2)=1= Y or2..

)= 2142 ) =41 =)0

§"(2)=122)-14=5"2)=24-14 = s5"(2)=10



