AP Calculus AB

Unit 4 — More Differentiation



AP Calculus AB — Worksheet 32 Higher Order Derivatives

1 . . R x* 5 32

Find the first four derivatives of y = T + EX -X"+9x-1.
2 Find the first and second derivatives of y=-7x>—9.
3 , , - 5 7

Find the first and second derivatives of f (x)=9x"—-—.

X

4 5 5 3

Find 3V for y=[3+—|.

dx’ X

5 . 4

Find y" for Y =X(3x+2) .
6 X2 —2x

Find f"(x) for f(x)= .

(%) for (=X =2

7 Find an equation of the line perpendicular to the tangent to the curve f (x)=x°—9x+3 at the point (3,3).
8 Find the points on the curve f (X) =4x3 +6x* —72x+18 where the tangent line is parallel to the x-axis.
9 d 9

Evaluate &(f(g(3x )))




AP Calculus AB - Worksheet 33 Linear Approximations, Calculator Derivatives, Higher Order Derivatives

L If £(x)=x*+3x, approximate f (2.01) using linearization centered at X=2.
2. Approximate ~/24.9 +(24.9)2 using linearization.
3. Find an approximate value for f (—3.9) on f (x) =\x*+9 using linearization.
4. | Approximate using tangent line approximation: 4/17
5. Approximate using a tangent line approximation (8.4)%.
6. - d’y fory X+1 simplify
in =——. Simplify.
dx? X—2 P

" | Find f "(x) for f(x)=x(x+ 2)3. Simplify. (Hint: factor after taking the first derivative to make the second

derivative a bit easier)
8. 1

Evaluate f'(1) for f(x)=x®—-x"+4x using a calculator.
9. Vs . .

Evaluate f'(~=| for f (x)=sin® x using a calculator.

4

10 e*

Evaluate f'(2) for f (x)= ss using a calculator.

X+2
11| Find all values of x for which the function below is differentiable.
(x+3)2, x=-2
g(x)=¢ 2x+5, -2<x<5
(6-%7, x=5
Answers:

1. 14.15 2. 624.99 3. 492
4. 2.031 2

s w2y

7. f£1(x)=12(x+2)(x+1) 8. 2.333 9.1




AP Calculus AB - Worksheet 34 Derivatives of sine and cosine functions.

Know the following theorems:

isin[|:cosD-ﬂ and icosD:—sinD-ﬂ
dx dx dx dx

Find the derivative of each function. Simplify, if necessary.

L] y=sin(3x* - 4x)

2| y=-5cos(x’)
3 f (x)=cos®x
4 y =sin xcos x
5 y = 2XC0S X
6 f(x)=%+53inx
7 X

y=_

COS X

8 COS X

f(x)=

(X) 1+sinx

9 y=(1+c052x)3

10 | y=sin*(3zt—-2)

11 .
Find the equation for the line that is tangent to f (x)=sin(x)+3 atx = % :

12 | Find the equation of the normal line to f (x) =sinX+cosx at x=r.

13 | Determine all values of x in the interval (0,2r) for which f (x)=cosx has horizontal tangents.

Answers

1) Y'=(6X—4)cos(3x2—4x) 2 ﬂzlsxzsin(xs) 3) f'(x)=—2cosxsinx

dx
" a2 2 [ _ H
4) y'=—sin” X +c0s” X 5) y'=2(cosx—xsinx) 6) f'(x):—iz+5cosx
X
COS X + XSin X 1 dy 2 .

Ny =——— 8) f' =— 9) —=3(1 2X) -(—2sin2

)Y cos® x ) F(x) 1+sinx )dx (L+cos2x)"(~2sin2x)
10) 7 3 12) y+1=x-x

dy . . 11)Tiy——=£[x—zj

E=23|n(37rt—2)cos(37z1—2)(37r) 2 2 6

13) x=x




AP Calculus AB - Worksheet 35 Derivatives of Trigonometric Functions

Know the following Theorems

dtanD ZD D dCOtD:—cs,CZD-dD OlseCD:s.ethanD-dD CICSCD——cschotD-ﬂ
dx dx dx dx dx

dx B

(#1-4 Optional)
**Use the quotient rule to prove the derivative of: [Hint: change into sin x and cos x and then take the derivative]**

1. tan x 2. cotx 3. secx 4, cscx

5cos x
1-sinx

5. Find f'(x) for f(x)=11x+3cosx

6. Find ay fory =
dx

7. Find a linearization of f (x) at a suitably chosen integer near a . Use the linearization to approximate f (a).
f(x)=3x"+9x-3; a=-0.9

8. Use a linear approximation for estimate /147 .

9. Estimate f(2.9) giventhat f(3)=5 and f'(3)=6.

10. Find y" for y=3xsinx . 11. Find f'(x) for f (x)=6sin xcosx

12. Find the derivative of f (x)=4secx+5cotx. 13. Find y" for y=8cotx.

14. Find the derivative of f(x)=cscxsecx. 15. Find f'(x) for f(x)=tan3x—cot3x

16. Find f(x) for f (x)= tan x . 17. Find f'(x) for f(x)=secx(tanx)
cosx—4




AP Calculus AB - Worksheet 36
Know the following theorems:

Derivatives of Exponential and Logarithmic Functions

d(0\_.0 d d[ | d d[ ]
—(e)=e--d[] d —(In[])=== —(log, [ )=
dx( ) &(bD):bD-dD-Inb dx( ) [] dx( .0 []-Inb
Find 3 |
dx
1. y=2¢" 2. y=e* 3.y =log, (sinx) 4. y=g™>
5. y:ez% 6. y=|n(x3) 7. y=xe 8. y =x"e* —xe*
9. y=4" 10. y=5(xz) 11.y =In(cos x) 12. y=(In x)2

13. y=(Inx+sin x)4

17. Find y" for y=x%".

18. Find an equation of the tangent line to the graph of the given function at the indicated x-value.

b)  (x) =

a) f (x)=3x*—-Inx, x=1

15. y = log, (X* —3x+cos x)

In(1+sinx), x=2=
n(l+sinx), x 1

16. y=xInx—x




AP Calculus AB — Worksheet 37

L’Hopital’s Rule and Quiz Review

L Hopital’s Rule: | Suppose that f(a)=g(a)=0. that f & g are differentiable on an open interval containing a.
. X . (x
and that g(x)# O on: then lim /) =lim s r{ )
e gx) eg'x)
Examples: i —4 0 , o ,
lim =0 = Use L'Hopital's Rule - Take derivative of numerator and denominator =
i ¥ — 2L
2x
lim—=4
=2 ]
. x=1 0 . . . 2ax
lim =—= Use L'Hopifals: lim =h_mi =
=l Jr—1 0 31 =l ]
2/x
2
.ox—=4 0 . .
lim = 1 = @ = You cannot use L'Hopital's Rule on this problem! Why??
=2 x+2

Evaluate each Limit. Use L’Hopital’s Rule where appropriate.

1 2 _ 2 . sinsx
fim 8 hmsm X
x=2 X _4 x=0 X
3 . A2+x -2 4 . \3/.\_'—1
lim—— lim
x—2 r—2 =l y—1
5 , —4dx+4 6 . 1—-sinx
lim ; T lim——
=2 0 —12x+16 % 1 4+ COS 2X
7 3 8 x—4
. 1 . X
lim——— lim——
>l 4x" —x—3 X2
Find each derivative.
| f(x)=e” 10 | y=e'
11| y=In[sinx| 12 y_ax+ax
13 | g(x)=cos’5x 14 ] y=xe*
15 | Use a tangent line approximation to estimate the value of 3/25.
16 | For f (x)=e*, use a tangent line approximation centered at X =0 to estimate f (0.1).
Answers:
1) 3 2) 5 1 1
3y — —
3) 4 K 3
1 1 3 8) -1
5) — 6) — |7 =
) 6 ) 3 ) T
N 10) v'=4x° 11) y'=cotx . 2x+1
9) f'(x)=2 )y 12) o 2%
2\/; X +x
13) g'(x) = ~15c055xsin5x 14) y'=e® (2x+1) | 15 19 16) 1.1
27




AP Calculus AB — Worksheet 38 Implicit Differentiation

1
Find d_y for x=cscy .
dx

2 For X°+y° =0 .
a) Find ¥ |
dx
b) Find the slope of the curve at the point(3,-3).

3 For y* =27x:
a) Find & .
dx
b) Find the slope of the curve at the point (1,3).

4 Forcos(2y)=Xx:

a) Find & .
dx

b) Find the slope of the curve at the point (0,%}.

5 2 _d%y .
Forl2x+2y* =8, find o in terms of x and y.
X

6 Find the slope of the curve 5y® +7x’ =9y +3x at the point (11).

7 Find the equation tangent and normal lines to the curve X2 + Xy — y2 =-1 atthe point(3,5) .
8 Find the equations of the tangent lines to the curve X2 + y2 =5 at the points when x=-2.
Answers
dy . dy x* 3 dy _ 9
1) —Z=—sinytan d__ 2 ) a) X _ 2
) dx yny 2) @) dx  y* dx y?
b) -1 b) 1
dy 1 d’y 9 46
4) a) L=——" 5 S 6) -—
) 3 dx  2sin(2y) ) dx?>  y® ) 31
1
by —=
) 2
7) T: y_5=l_1(x_3) 8) y—1=2(X+2)
7 y+1=-2(x+2)
7
N: y—-5=——(x-3
y 7(x=3)




AP Calculus AB — Worksheet 39

Implicit Differentiation

Find Q
dx
1 X’y+x° =6
2 | poxtt
Cx+l
3 x=tany
4 xX+siny=xy
5 XZ—XyZS
6 yzx%
7 y=€/;
8 y:(2x+5)'}/2
9

2
For x* +y® =18xy, show that j_yz by-x
X

y* —6x

10 | For x* +y? =13, find the slope of the tangent line at the point (-2,3).

11 | For x* +xy—y* =1, find the equations of the tangent lines at the point where X =2.

12 d2y

X2

Find vl for x> —y® =9 interms of x and y.

13 | If y'=x*+4x-2, find three possible equations for y.

Answers:
2
dy __2xy+y 2 ﬂ:;z 3) d—y=0052y
dx  2xy+X° dx y(x+1) dx
dy _ 1-y dy 2x-—y dy 9 2
4) Y _ & @_2
) dx x—cosy 2 dx X 6) abc_4x4
2 3
7) Q:l){? 8) Q:—(2x+5)7 10) dy _2
dx 3 dx WXl (29 3
11) Tangents 12) d_zy:_i
@ (2.3): y—3=£(x—2) dx* oy’

@ (2,-1): y+1=—%(x—2)




AP Calculus AB - Worksheet 40 Derivatives of Inverse Trigonometric Functions
Know the following Theorems.

i arcsin :—d[l i_ rctan = d|:| i_arcsec ] :—dD
9 Farccos[]] = ./l 9 arecot[ ] = ~d[] 9 Tarcese[ ] :i
dX|: |:|i| '1_|:|2 dX L tl:l_ 1+|:|2 dX L |:|_ |:| |:|2 _1

Find the derivative of y with respect to the appropriate variable.

1. y=arccos(x’) 2. y=arcsin~/2t 3. y:arcsinti2

4%y =xarcsin X ++/1—x° 5. y=arcsec5s 6. y =arctan/t —1

7. Which of the following is diarcsin Gj?
X

A - B) - C)

4-x 4% 4+ x° 4-x° 4-x*

Find the derivative of the function.

8. y=3-7x"+3x’ 9. y:2X+1 10. y:cot(gj
2x-1 t
11. y=x/2x+1 12. r:tanz(B—Hz) 13. y=In/x
14. y=xe™* 15. y=In(sinx)
Answers
1. y'=- 2 2. p'= ! 3. y'=- 6 4 y'—sin‘lx
' 1— X SRGNG YN ' tt =9 |
1 1 2 6
5, y'=—F—— 6. y'= 7. E 8. y'=-21x"+21x
|s|V255% — 1 2Nt -1
2csc’ 2
9. y'=—L 10, y'=— 12 11. y'= X+l 12. y'=—40tan(3—6" )sec’ (3—-6°)
(2x—1)2 t’ V2x+1
13. y':i 14. Y'=—87X<X—l) 15. y'=cotx



AP Calculus AB — Worksheet 41

Find each derivative.

Derivatives and Linear Approximation Review

1 f(x)=ex3

2 y = In(csc3x)

3 f(x):ln(x2+3—esx)

4 f (x)=sec®(2x)

5 | y=In(xsinx)

6 y — 2003x

7 y=x%

8 y=vx’+4x+2

9 . cot(x+h)—cotx

lim
h—0

10 | What is the slope of the line tangent to the graph of y=¢e

sinx

+X when X=7x7

11 | Approximate /7.6 using linearization.

12 | For f(x)=x*+2x+8, approximate f(2.9).

Evaluate lim

X—3

13 tan(x—3)

Answers:
1) '(x)=3x%" 2) y'=-3cot3x 3) f1(x)= 2x —5e* 4) f'(x)=6sec’ 2xtan 2x
x* +3—¢*
,  XCOSX+sinx 6) y'=-2"(In2)sinx 7) y'=xe*(x+2) 8) o X+2
5 = y -
)y sin x Vxt+4x+2
9) —csc’ x 10)0 12) f(2.9)~222

11y 2
30

1
13) -
)2




AP Calculus AB — Worksheet 42 Derivatives Review

1.

10.

11.

12.

13.

€ at x=1?
X+1

What is the slope of the line tangent to the graph of y =

Find the equation of the tangent line to f (x)=(2x-1)(x+3) when x=0.

If f(x)=cos’(4x),then f'(x)=

(x+h) _ Ax
lim =
h—0 h

For the function f, f'(x)=2x+1and f(1)=4. What is the approximation for f(1.2) found by using the
line tangent to the graph of fat x=1?

If x’y—3x=y®-3, then at the point (-1,2), %:
X

y =arcsin(5x), then %:

X

If y=xsinx, then %:

X

If y:(x3—cosx)5,then y'=
If f(x)=\x*~4 and g(x)=3x~2, then the derivative of f(g(x)) at x=3 is

The function f is defined by f (x) =L2. Find points (x,y) on the graph of f that the line tangent to f at
X+

(x,y) has slope %?

If %2 —2xy+3y? =8, then show that & — Y=*
dx 3y—x

An equation of the line normal to the graph of y=+3x"+2x at (2,4) is



