A.

Derivative
of
Trigonom
etric
Functions

In Exercises 1-12, find dy/dx.

I. v = —=1lx + 3cosx

3.;-=¢s¢x—4ﬁ+?

4.

5 ¥ = (secx + tanx)(secx — tanx)

6. v = (sinx + cosx)secx

7 g o= —COLX

+ ) 1 + cotx
4 1

2. ¥ =cosx Y oy

¥ a a
Il. y =x"sinx + Ircosx — 2smnx

1L y = r'cosx — 2xsinx — 2cosx

In Exercises 13-16, find ds/dr.
13. s =tanr -«

1 + ¢scy

15, 5 =
| = ¢scr

In Exercises 17-20, find dr/df .

17. r=4 — @ sin#

19, ¥ = sec B cesc

In Exercises 21-24, find dp/dyg.

|
cot g

. p=5+
sin g + Cos g
coag

25. Find y" if

A. V = CSCX.

1. p =

14.

6.

18.
20,

21,

i
¥ =x"colx — =
¥2
L _Losx
) 1 4+ sinx
. Cosx I
Y=-z3 COs X
o=t —gpgr 4+ 1
sin
= —
| = cosr

r=@8sm@ + cos@
r= {1+ secfl) sinf

p =114 cscq)cosg

__tang
P T+ tang

b. v = secx.



B.

The
Chain
Rule
and
Param
etric
Questi
ons

Derivative Calculations

In Exercises -8, given v = flu) and w = glx), find dy/dv =

Flgtx))g’(x).

Loy=6u—9 w=(12x* 2. y=2u"
J.y=siny, u=73r+1 4. v = cosu,
5 ¥y =cosu, #=snx 6. v = sinu,
T.y=tanu w=10-5 & y= —secu,

w=fx-=1
= —xf3
it =X — cosx

w=x"+Tx

In Exercises 9-18, write the function in the form v = f(u) and

u = gix). Then find dyv/dx as a function of x.
9. y= (2t + 1) 10, y = (4 - 3x)°

wre(1-9)

13. ¥

Il
~—
Dﬂl b
+
e
|
|
™

5
14, y = (% + %)

15, ¥ = sec(tanx) 16 y = cal( - %)

17. y = sin’ 18 y = Scas*x

Find the derivatives of the functions in Exercises 19-38.

19. p= W3- W.og=WV2r -
-4 4.

2l s = I sin 3 + - cos 51

43. v = sin(cos(2r = 5))

r i
45 v = (I + tan’ (ﬁ))
47. vy = V1 + cos ()

Second Derivatives
Find ¥" in Exercises 49-52.

13

49, y = (I +E)
1
9

51. ¢ = —cot(3x = 1)

=1
12y = (; - 1)

46.

48.

S,

Sl

. Bt 3w
1L 5 = zin (T) + cos (T)

23, r = (csc + cotd)™! 24, r= —(secfl + tanf)”"

15 y = rPsin'y + reos?x 26 ¥= %sin's_r = émﬁjx

-1
7.y = %{31— 27 + ( —ML)

]
8. _1.'=f5—1r}_3+%(%+ |)

29, p o= (dx + 3+ 7Y 30 p = (2r — 57t - 5x)f

31 hix) = xtan (2VE) + 7 32 k(x) = xfsac(})

. 2 -1
33, f(6) = (%) 3. gl1) = (%)

35, r = sin(#) cos(28) 36. r = sec VO tn (é)

3. =s'n( ! ) 38, =mt[ﬂ)
4 I Vi4 1 9 J

In Exercises 3948, find ov/dr.
39. y = sin’ (7 = 2) 40. y = sec’ i
4L y = (1 + cos2e)™ 42, v = (1 + cot{t/2))?

- o (55 (5))
= 2 (1 + cos? (7))

= 4sin (V1 + Vi)

= {1 - V&)

oun (%)



Impl
icit
Difff
eren
tiati
on

Derivatives of Rational Powers
Find dy/dx in Exercises 1-10.

Loy =x" 2oy =30

Joy= V2 4.y = Vix

5. v=TVx+6 6 y=-2Vx-1
7.y = (2x+ 5712 8 y=1(1-8x)*"*
9.y =x(x* + 1)'7 . y=xx*+ 1712

Find the first derivatives of the functions in Exercises 11-18.

L. s = Vi 12 r = ¥
13y = sin[(2t + 527 4. = = cos[(1 - 60%%)
15. f(x) = V1 = vx 16. g(x) = 2217 4 1)

17. h(@) = ¥1 + cos (24) 18. k(@) = (sin (8 + 5))°*

Differentiating Implicitly
Use implicit differentiation to find dy/dy in Exercises 19-32.

19y +mi =6 . 5+t = 18y
2I.1ry+y1=.r+y Il.xi—xy+y3=l
23 Xix -y =x =y 24. (3xy + 7Y = 6y
I 1 :__r—J.'
25,y = 10 2. x* =3
27. x = tany 28. xy = cotlxy)
29, x + tanixy) = 0 3. x + siny = xy
31 ysin (}) =1-x 32 yicos (%) =2c+ 2y

S0, 32— 2x — 4y — 1 =10,

Find dr/d® in Exercises 33-36.

330 4 = 3M.r—2Ve =380 + 6

[ L
Lt |

35, sin(rd) =% 36. cosr + cot = r@

Second Derivatives

In Exercises 37-42, use implicit differentiation to find dy/dy and then
dPyfdn’.
L+l =1 38 24y =1

39 3P =x 4+ 2x 40. P - x=1-2

4L 2Vi=x-y 42,0+ =1

43, If x* + 3% = 16, find the value of a%y/dx” at the point (2, 2).
44. Ifxy + 3* = 1, find the value of d”y/dx” at the point (0, —1).

Slopes, Tangents, and Normals

In Exercises 45 and 46, find the slope of the curve at the given points.
45 P 4+ x =" - 2x (-2 Dand (-2, -1)

d6. (x> + 3y =(x =)} a (1,0pand (1, —1)

In Exercises 47-56, verify that the given point is on the curve and find
the lines that are {a) tangent and (b) normal to the curve at the given
poant.

T+ —yt=1, (2,3)

48. 7 + 37 =25, (3, -4)

49 =9 (-1,3)

(=2, 1)

S 6" + 3y + 7 + 1Ty =6 =0, (=1,0)

2. x7 — V3g + 27 =5 (V3,2)

. 2xy 4+ wsiny = 2,

. xsin 2y = ycos 2x,

(1,0)
(0, 7)

85, ¥y = 2sin(wx — y),
86, x-cos y — siny = 0,

(1, w/2)
(7/4,7/2)



D.

Relate
d
Rates

. Area Suppose thai the radius r and area 4 = wr? of a circle are

differentiable functions of 1. Write an equation that relates o/
to dr/dt.

. Surface area Suppose that the radius r and surface area

§ = 4mr? of a sphere are differentiable functions of 1. Write an
equation that relates dS/di to dr/dr.

. Volume The radius r and height h of a right circular eylinder are

related to the eylinder’s volume I by the formula 1 = wrh.
a. How is V) dr related to dh/dr if r is constant?
b. How is di/dr related vo dr/dr if } is constant?

e. How is o1/ dr related to dr/dr and dh/dr if neither r nor & is
constant?

. Volume The radius » and height & of a nght circular cone are re-

lated to the cone’s volume I by the equation I = (173} 2h.
a. How is dF/dr related vo ai/dr if r is constant?
b. How is dF/dt related to dr/dr if } is constant?

c. How is dF/dt related to dr/dr and d/dyr if neither r nor & is
constant?

. Changing voltage The voltage I (volts), current [ (amperes),

and resistance R (ohms) of an electric circuit like the one shown
here are related by the equation 1 = IR. Suppose that I” is in-
creasing at the rate of 1 volt/sec while 7 is decreasing at the rate
of 1/3 amp/sec. Let 1 denote time in seconds.

Iy

b. How is ds/dr related to dx/dr and dy/dt if neither x nor v is
constant?

¢. How is dx/dr related to dy/d if 5 is constam?

. Diagonals Ifx, y, and = are lengths of the edges of a rectangular

box, the common length of the box’s diagonals 15 5=

Vxl + J': + =22,

a. Assuming that x, v, and = are differentiable functions of 1, how
is s/t related to dx/dr, dv/di, and d=/dt?

b. How is ds/dr related to dy/dr and d=/dt if x is constant?

c. How are dx/dr. dv/di, and dz/dr related if s is constant?

. Area The area 4 of a triangle with sides of lengths o and b en-

closing an angle of measure # is
4 = Labsing
=3 .

a. How 1s d4/dr related to af/dr if @ and b are constant?
b. How is d4/dr related to af/dr and da/dr if only b is constant?

c. How is dd/dt related to af/dr, da/di, and db/dr if none of a,
b, and @ are constant?

. Heating a plate  When a circular plate of metal is heated in an

oven, its radius increases at the rate of 0.01 cm/min. At what rate
is the plate’s area increasing when the radius is 50 em?

. Changing dimensions in a rectangle The length [ of a rectan-

gle is decreasing at the rate of 2 emy/sec while the width w is in-
creasing at the rate of 2 cm/sec. When ! = 12 cmand w = 5 cm,
find the rates of change of (a) the area, (b) the perimeter, and (c)
the lengths of the diagonals of the rectangle. Which of these
quantities are decreasing, and which are increasing?



14.

15.

6.

17.

. Electrical power

R’

a. What is the value of dV/di?
b. What is the value of df/di?
c. What equation relates dR/dt to dV/dt and dlfdr?
d. Find the rate at which R is changing when I* = 12 volts and
I = 2 amp. Is R increasing, or decreasing?
The power P (watts) of an electric circuit is
related to the circuit’s resistance R (ohms) and current J (amperes)
by the equation P = R
a. How are dP/di, dR/df_ and dl/di related if none of P, R, and |
are constant?

b. How is dR/dl related to &f/dr if P is constant?

. Distance Let x and y be differentiable functions of ¢ and let

5= W' + 1% be the distance between the points (x, 0) and
(0, ¥) in the xy-plane.
a. How is ds/di related to ax/dv if v is constant?

W

13-t ladder

LI] x(rh

Commercial air traffic  Two commercial airplanes are flying at
40,000 ft along straight-line courses that intersect at right angles.
Plane A is approaching the intersection point at a speed of 442
knots (nautical miles per hour; a nautical mile 15 2000 yd). Plane
B is approaching the intersection at 481 knots. At what rate is the
distance between the planes changing when A is 5 nautical miles
from the intersection point and & is 12 nautical miles from the in-
tersection poini?

Flying a kite A girl flies a kite at a height of 300 fi, the wind car-
rying the kite horizontally away from her at a rate of 25 ft/sec. How
fast must she let out the string when the kite is 500 ft away from her?

Boring a cylinder The mechanics at Lincoln Automotive are
reboring a 6-in.-deep cylinder to fit a new piston. The machine
they are using increases the eylinders radius one-thousandth of
an inch every 3 min. How rapidly is the cylinder volume increas-
ing when the bore (diameter) is 3.800 in.?

A growing sand pile Sand falls from a conveyor belt at the rate
of 10 m*/min onto the top of a conical pile. The height of the pile
is always three-eighths of the base diameter. How fast are the (a)
height and (b) radius changing when the pile is 4 m high? Answer

12.

13.

20.

11.

11,

Changing dimensions in a rectangular box Suppose that the
edge lengths x. p, and = of a closed rectangular box are changing
at the following rates:

dx dy .
i I m/sec, w s =2 m/sec, i

1 m/sec.

Find the rates at which the box's (a) volume, (b) surface area, and
(c) diagonal length s = Vx® + y* + =% are changing at the in-
stant whenx = 4, v = 3. and =z = 2.

A sliding ladder A 13-ft ladder is leaning against a house when

its base starts to slide away. By the time the base 1s 12 fi from the

house, the base is moving at the rate of 5 fi/sec.

a. How fast is the top of the ladder sliding down the wall then?

b. At what rate is the area of the triangle formed by the ladder,
wall, and ground changing then?

¢. At what rate is the angle & between the ladder and the ground
changing then?

a. At what rate is the water level changing when the water is 8 m
deep?
b. What is the radius r of the water's surface when the water is
¥ m deep?
c. At what rate is the radius r changing when the water is 8 m
deep?
A growing raindrop Suppose that a drop of mist is a perfect
sphere and that, through condensation, the drop picks up moisture
at a rate proportional to its surface area. Show that under these
circumstances the drop’s radius increases at a constant rate.
The radius of an inflating balloon A spherical balloon is in-
flated with helium at the rate of 100w ft’/min. How fast is the
balloon's radius increasing at the instant the radius is 5 fi? How
fast 1s the surface area increasing?

Hauling in a dinghy A dinghy 15 pulled toward a dock by a
rope from the bow through a ring on the dock 6 ft above the bow.
The rope is hauled in at the rate of 2 fi/sec.

a. How fast is the boat approaching the dock when 10 fi of rope
are oul?

b. At what rate is the angle # changing then (see the figure)?

Ring at edge
of dock




in centimeters per minute.

18. A draining conical reservoir Water 15 flowing at the rate of
50 m*/min from a shallow concrete conical reservoir (vertex

down) of base radius 45 m and height 6 m.

a. How fast (centimeters per minute) is the water level falling
when the water is 5 m deep?

b. How fast is the radius of the water's surface changing then?
Answer in cenlimeters per minute.

19. A draining hemispherical reservoir

Center of sphere

)

\ Water level 1

24. Making coffee Coffee is draining from a conical filter into a
cylindrical coffeepot at the rate of 10 in®/min.

a. How fast is the level in the pot rising when the coffee in the
cone 15 5 in. deep?
b. How fast is the level in the cone falling then?

Homw fast

level falling?

How fast
is this
level rising?

Water is flowing at the rate
of & m*/min from a reservoir shaped like a hemispherical bowl of
radius 13 m, shown here in profile. Answer the following ques-
tions, given that the volume of water in a hemispherical bowl of ra-
dius B is 1 = {w/3)*(3R — y) when the water is v meters deep.

26.

17.

28.

19.

23. A balloon and a bicvele A balloon is rising vertically above a

level, straight road at a constant rate of 1 ft/sec. Just when the
balloon is 65 ft above the ground, a bicycle moving at a constant
rate of 17 fit/sec passes under it. How fast is the distance (1) be-

tween the bicycle and balloon increasing 3 sec later?

¥

Cost, revenue, and profit A company can manufacture x items
at a cost of ¢(x) thousand dollars, a sales revenue of Hix) thousand
dollars, and a profit of p(x) = r(x) — cix) thousand dollars.
Find de/dr. dr/dt, and dp/dt for the following values of x and
dle/dt.
a rix) =9, e(x) =2 — fx” + 15x, and defdr = 0.1
whenx = 2
b r(x) = T0r, elx)=x" —6x® + 45/x, and dr/di = 0.05
whenx = 1.5
Moving along a parabola A particle moves along the parabola
y = x* in the first quadrant in such a way that its x-coordinate
(measured in meters) increases at a steady 10 my/sec. How fast is
the angle of inclination & of the line joining the particle to the ori-
gin changing whenx = 3m?
Moving along another parabola A particle moves from right to
left along the parabolic curve v = %=x in such a way that its
x-coordinate (measured in meters) decreases at the rate of § m/sec.
How fast is the angle of inclination 8 of the line joining the parti-
cle to the origin changing when x = —47
Maotion in the plane  The coordinates of a particle in the metric
xy-plane are differentiable functions of time 1 with dx/dr =
=1 m/sec and dv/dt = —5 m/sec. How fast is the particle’s dis-
tance from the origin changing as it passes through the point
(5. 12)?



25. Cardiac output

In the late 1860s, Adolf Fick. a professor of
physiology in the Faculty of Medicine in Wikezberg, Germany, de-
veloped one of the methods we use today for measuring how
much blood your heart pumps in a minute. Your cardiac output as
you read this sentence is probably about 7 L/min. At rest it is
likely to be a bit under 6 L/min. If you are a trained marathon
runnet running a marathon, your cardiac output can be as high as

30 L/ mun.
Your cardiac output can be caleulated with the formula
g
=5

where ) is the number of milliliters of CO; you exhale in a
minute and [ is the difference between the CO; concentration
{ml/L} in the blood pumped to the lungs and the CO; concentra-
tion in the blood returning from the lungs. With @ = 233 ml/min
and D = 97 — 56 = 41 ml/L,

233 ml/min )
= m = 5.68 L,-’mm,
fairly close to the 6 L/min that most people have at basal (resting)
conditions. (Data courtesy of 1. Kenneth Herd, M.D, Quillan Col-
lege of Medicine, East Tennessee State University.)

Suppose that when {0 = 233 and D = 41, we also know
that [ is decreasing at the rate of 2 units a minute but that O re-
mains unchanged. What is happening to the cardiac output?

30.

3l.

3z.

A moving shadow A man 6 1t tall walks at the rate of 5 {1/sec
toward a streetlight that is 16 ft above the ground. At what rate is
the tip of his shadow moving? At what rate is the length of his
shadow changing when he is 10 ft from the base of the light?

Another moving shadow A light shines from the top of a pole
S0 ft high. A ball is dropped from the same height from a point 30
fi away from the light. (See accompanying figure.) How fast is the
shadow of the ball moving along the ground 1/2 sec later? (As-
sume the ball falls a distance s = 1667 fi in rsec.)

Light

«Ball attime ¢ = 0

1/2 see later
501t
pole

NOT T SCALE

Videotaping a moving car  You are videotaping a race from a
stand 132 ft from the track, following a car that is moving at 180
mi/h (264 fi/sec). How fast will your camera angle 8 be changing
when the car is right in front of vou? A half second later?



E.

Indete
rminat
e Form
and
L'Hopi
tal’s
Rule

Finding Limits
In Exercises 1-6, use I'Hopital’s Rule to evaluate the limit. Then eval-
uate the limit using a method studied in Chapter 2.

. x=2 . &in Sx
I. Iim = 2, lim =
r=1x* = 4 ==}
I e ) =1
3. lim I,— 4. lim —
=2 Ty~ 4+ ] rldy” = x = 3
5. lim L—S08X 6. lim =t 3%
=+ x° = x 4+ x4+ 1

Applying I'Hépital’s Rule
Use I"Hopital's Rule to find the limits in Exercises T-26.

.
. &Ind . A=
. sinfl . 1 = sinx
% J—]{"L m =@ 10. :LET'.:';: 1 + cos 2x
1 ginx — cosx 12 cosx — 0.5
w4 x — /4 a3 x — a3
13, lim - ( - Ejla.nx 14, lim —=
x—+{w/I) 1 0y 4 TVI;
o2l = (34 DV 42 Ve +5-3
15, lim 6. lim ————
Pl x=1 =1 oyt =4
o Wala +x)—a o Ising = 1)
17, lim ———————, a =0 18 hm ————
o * =T &
. xfleosx = 1) sinl(a + h) — sina
19, lim —— 2. lim —
=) SINX — X ==} h
_alr” = 1) o
Il Im'; — -7 "2 positive integer
s -

22, lim G - L) 23, limi(x = Vil + x)
=0’ \‘.-’; T—+0

24. lim xtand 25, lim —x—3
00 =400 g = g 4 F

) sin Tx

26. IIE'L tan 1 1x

Theory and Applications

'Hapital’s Rule does not help with the limits in Exercises 27-30. Try
it; you just keep on cycling. Find the limits some other way.

27, lim w2t 1 8. lim Vi
S VS " r=0" \/5inx
SeC X col x

29, . lim ===

lim =2cX
xe(my2)” WANX et CECX

3.

32.

33.

35

Which one is correct, and which one is wrong? Give reasons for
YOUF answWers.

a Ii.t'n']r_?'=lirnl=l
C a3 gl =3 =32r @&
., x—3 0

b 1 =—=1
:E.'i!ixz—3 [

@ foc Form Give an example of two differentiable functions
f and g with lim, o flx) = lim; oo glx) = oo that satisfy the

following.
Al alx) : b. lim, elx)
& :Ilrrgo glx) -

Continuous extension  Find a value of ¢ that makes the function

Ox — 3 gin 3x
5y
e, x =10

]

flx)

continuous at x = (. Explain why your value of ¢ works.
Let

{}_{x+2,.ratﬂl i “_{x+1,x;eu
fx =1, x=0 ¢ W=, x=0.
a. Show that

im £ b tim £

=0 g(x) w=l g (x)

b. Explain why this does not contradict I'Hépitals Rule.
0/0 Form Estimate the value of

Cont oA+ )W 42
litn

aren

==l x=1

by graphing. Then confirm your estimate with I"'Hépital's Rule.

Ed 36. == — = Form

a. Estimate the value of

lim {x - Wyl +.r)

=00

by graphing fix) = x — Vx® + x over a suitably large
interval of x-values.

bh. MNow confirm your estimate by finding the limit with
I"'Hépitals Rule. As the first step, multiply fi{x) by the
fraction (x + Wxt + x}l."(x + Wl + .r} and simplify the
new numerator.



25, y = f(sin(lnf) + cos(lng))
26, y = In(secf + tan®)

M y= |nxﬁ 8 5= ;—m%
29, y = :jl':‘: 3.y = Vinwvt
o ) 3L y = In(sec (Ing)) 2y=1I (7"":";;“:9)
Derivatives of Logarithms —
. _ . (¥ +1¢ [(x +1F
In Exercises 5-36, find the derivative of 3 with respect to x, 1, or 8, as 33. p=In 3.y =lIn,y 5
: Vi-x N +2)
appropriate. o
5 y=Inlx 6. v = Inkx, kconstant 35y = [’ In \/7 dt 36. y = L_, Intdt
7.y = In(?) 8 3 =1In(*?) - '
9. y = ln% 0. y = lnlx—ﬂ Integrahll:ln . .
Evaluate the integrals in Exercises 37-54.
1L y = Inid + 1) 12, y = In{28 + 2) . /'fg . 3 dx
13. 3 = Inx?® 14. y = (Inx)’ - x‘b 32
— 2 L v dy &rar
15, 3 —.rEInr} ., 16. 3 —.'Jln.' ; 39'/5.1_25 40-]4*3_5
) = B - 1 o T sint 3 4sind
17y =7l =15 18y =33 a [T o [T
, = Int o LA s 22inx 4 de
19. y = = 2. y = — o [ u [
In x xlnx e T
2L = —— 22y =
} 1 + Inx ; 1 + Inx 45 /; x(lnx)* 46 : 2xVInx
23. y = In{lnx) 24. v = In{ln(lnx)) 3secs secytany
! ! * - E T ztan 48 2+senyd"
w2 x w2
49, tan l dx S, Cotb I df
0 =4
T mfl2

sl.

sl
i

6 tan 3x dx

sec x

Vin (secx 4+ tanx)



The
Natur
al
Funct
ion

In Exercises 510, solve for y in terms of 1 or x, as appropriate.
S.lny=2+4 6 lIny=-r+3

T. In(y — 40) = 5t & In(l —2y) =1

9 In{y— 1) — In2 = x + Inx

10, In(y* = 1) = ln(y + 1) = In(sinx)

In Exercises 11 and 12, solve for &
1. a. ¥ =4 b. 100e™ = 200 e M0 = 4
12 a. ¥ =}‘ b. 80ef = 1 e ™0 = g

In Exercises 1316, solve for r.

13. 8. e ™ =127 b e = . M0 = g

1
2

—nal — o 1 w2 = 1
14, a. e 1000 b. & 0 [ 3
15, Vo= 2 16, el = ot
Derivatives
In Exercises 17-36, find the derivative of y with respect to x, 1, or 1, as
appropriate.
17, yp=e™ 18, y = ™"
19, = 5T 0.y = glvEe)
2.y = et — & 22y = (14 e ™

23y = (x' = 2x + 2)e"
25, y = e'(sinf + cosd)

51, /zm"’df

24,y = (9 — 6x + 2)e™
26. y = In(30e™)

Ix
3. | S

X

id .
55. (1 4+ &™) sec” 6 a8

i

&7. fe"’”’sa: i tan 7t df

27, v = cos (e

18.

¥ = e~ cos 56

29, y = Ini3e™) 0. ¥ = Ini2e " sing)
W ‘V{E
3Ly = In|—= ) 32.'=1n( )
! (l + e ! 1+ Ve
33, y = glomtting 3. 3= e (lns? + 1)
nx e
sy = sin e’ d 36 y = f lnrde
i v
In Exercises 37-40, find dy/dx.
37. lny = &'sinx 38, lnay = &7
39, e =sinix + 3 40. ny = ¢° + Inx
Integrals
Evaluate the integrals in Exercises 41-62.
4l. /{93" + Se~7)dx 42, /{Ze‘ = 3e7) o

In}

43 f & dx
In

47, / e
Ind

-
gr

RV

’ 2
45, [ Belr*V gy
In9

49 dr

4.

46

48,

50.

52, f et gy

s [

i

— it
E ]
; i
X
II.’

/]
f e v
—in2
) fZEU-"”dx
In 16
/ e.'r..'d dy
]

f eV p
i
e

6. (1 + &%) ese’ 0 ot

wid
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log, x
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49, f 27 i
1]
vz o
51, f 22U oy
1

w2
23, f T sin ot dlt
0
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55, f (1 + Inx) dx
¥
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51,

54.

56.
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Evaluate the integrals in Exercises 57-60.

58. fﬂ’i-l:ﬁ
[
ﬁn.fxi'ﬂ-‘"dr

1

Evaluate the integrals in Exercises 61-70.

57. f 3V gy

3
su.f[vi+ 12 dy
i

61. fl'}g;r'”.:ﬁ
Y1n 2 log; x

63. Tiﬂ:‘
!

lllﬁ'.- + P
ﬁs_fwit
i

x4+ 2

931 + 1
67. [ %10 lx ]'.:tr
i}

r+1

dx

69, —
xlogpx

6l.

I

. [

fanié
) sec” ¢ dl

Ylog: x

X

2 In 1O log gqx
LT dx

Evaluate the integrals in Exercises 71-74.

h1.1:|

?I.f —-df, x>1
1 [
ll-'.'rl

T3 [ —df, ¥>=10
1 )

x
1o ( 10
ﬁﬁ.f ﬁgl+]cir
1/10
2 log.ix = 1
ﬁli.f g2lx — 1)
+ x—1
_dr
x[lngg:}:
I:'.
?1.[ l.:a'.r
L
'M.L -ldf. x>0
Ina [, !
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Trigonometric Function Values

13. Given that a = sin! (5/13), find cosa, tana, seca, o5,

and ot .

14. Given that o = tan~'(4/3), find sine, coso, seca. csca,

and cot .

15. Given that o = sec™' (—/3), find sino, coso, tan e, cSco,

and cot .

16. Given that & = sec™ (—=%13/2), find sin o, coser, 1an o, C8C o,

and cot a.

Evaluating Trigonometric and Inverse
Trigonometric Terms
Find the values in Exercises 17-28.

(o () oo
(1) el ()

21, csc(sec 2) + cos(an™ {—v3))
22, tan (sec™' 1) + sin(ese”(=2))

(o () ()
o () )

25, secftan' 1 4+ cse' 1) 26. seccot™' VI + cse”l(=1))

27. sec”! (sec (— %)) (The answer is nor —/6.)

28, cot™! (ccl (— %j) {The answer is nor —/4.)

Finding Trigonometric Expressions
Ewvaluate the expressions in Exercises 2940,

-1 £
10, sec (tan 2)

3. sec(tan' 2x)

31. tan (sec”' 3y) 32. tan (seu']}g)

33. cos (sin ' x) 34, tan(cos ' x)

35, sin(tan VT = Ix), x =2
Iy
36. sin (mn'l;) 37. ms(sin'] —)
Val + 1 3
. ¥ . X
38. ms(sm S) 39, sin (sec 4)
R 2+ 4
40, sin sec (T)
Finding Derivatives

In Exercises 49-70, find the derivative of v with respect to the appro
priate variable.

49, y = cos”' (xY) 50. v = cos”! (1/x)
51y = sin VW21 52y =sin (1 — 1)
53, y=sec ! (2s + 1) 54, y = sec! 5¢
55 y=csd (kP4 1), x =0

v = cac ' S
56. v = csc 3

| L1 3

ST y=sec'y O<r<1 5I|.y=3m':—:
59. y= cot! W 60. y = ot Vi — 1
61, ¥ = In{tan™' x) 62. v = tan”' (lnx)
63. v = ese (') 64 v = cos ' {e™)
65 vy == 1 -5 4+cos's 66 J.'=Vsz—1—sec'ls
67, v =tan "Wl = 1 4 esc 'y, x> 1

68, v cnl']% ~ tan'x 69. v = xsinlx + V1 - 7

.y = In(x® + 4) — xtan' (%)

Evaluating Integrals
Evaluate the integrals in Exercises 71-94.

n [ n [ i
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T.!-.f gx -
17 + x=

“.[L
V25 =2

Voads

LRV

T

dx

T4. f -
9+ 3x

v
..[I\,-'S_rl—lt

AT
T8. f :I'.—t_
o CE T

T 2
'.-'9.-[ T uu.f —dar
o B4+ 2 24 4 3
VT dv 13 ;
81, f . f 2
-1 ‘1-'\;‘4‘1-'3 =1 -2/3 J'V‘JJ': =1
83, 3 dr . 84, 6 dr
VI = 4 = 1) Va4 = (r+ 1)
dy dx
85, | ———— 8. | —————
_[2+[.r—|}‘ f1+{3x+|)1
s:-'.f &
(2¢ — DV(2x - 1) - 4

s:&f &
(x + 3)V(x + 3)F - 25

w2
49, f 2 cos ﬁ :J"I‘i'l
—mi2 1 4+ (sin@)

o1 fln\:'i &'zdl'

) o 1 + ™
g3, [ 2
W1 = J'd

92

Finding Antiderivatives

In Exercises 1-16, find an antiderivative for each function. Do as
many as you can mentally. Check your answers by differentiation.

I a 2x b. x*
2 4 6 b x7
oo -3 b x*
y3
4. a 2x? b. T + xt
1 5
5. 8. — b —
x! x!
2 1
6. 2. —— b, —
x 2
7. a %\/; b ——
2\/1.
8. a2 305 b ——
3 3V
9, a %x"’l b =x~%F
1 T
10. a. 2x b. 2x
11. a. —7 sin 7% b 3 sinx
m mx
12, a. 7 coswx b. 21:\:-;5 3
13. a. secx b 2ot
: 3 3
2 3 » 3x
14, a. cscx L—;csc-?
15. a. cscxcotx b. —csc 3x cot 5x

16. a. secxtanx

b. 4 sec 3xtan 3x

f‘rq
1

ese’ ¥ d

w4
o [ ond
w6 1+ (cotx)”

4 dt

i1+ In*r)
sec” ydy

S v

¥ =2+ 1
¥ — 6+ 8
'+ 2+ 3

L —x2 b x -1

Vi o+ L
L
LT

3 X

3 _-sp

-3

. sinwy — 3sin dx

X
CGST + T oosx

l h
—gac? 2%
“ 2
1 — Bese? 2x
—WBSBHGDTW—X
2 2
se X g TX

2 2

Finding Indefinite Integrals

In Exercises 17-54, find the most general antiderivative or indefinite
integral. Check your answers by differentiation.

IT.[(:+1)cir 18. [(S—-ﬁ:}dr

19. f(s.-’ + 21) di 20. f(;—z+ 4.-3) dt

21. f{zx3—sx+7}dr 12, f{l — 2% = ) dr
13.[&—;1—%)4& 14.[(%—3—3+1r)d:
25. f 3 e

27. f{\/E+ Vi) dx 28.

> o 30

3l. flr{l — x ) de 3z f:*(: + 1) drx
33. fov;ds 34 f‘”—s(d.-
1 I
35, f{—Zcust)d.' 36. f{—jsm.‘)d.r
T [Mn%m 38. [lccsSBdﬂ
5 sect x
39, f(—icsc'x}dx 0. f(—T)zi:
41 f@m 12 [%secﬂtan @ di
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47.

49

51

. [(4seuxmnx — Zsectx)dr 44, f%fc&czx — escx cotx) de

1 f{sin?_r — cactx) oy

1 + cos dr
[Hseta
.f{l + tan® #) aft

(Hini: 1 + tan’ @ = sec? #)

. fmljxdx

(Hine: 1 + cottx = cs::zx}

. [msﬁ{tanﬁ + sec @) dd

46

43.

. [{stlt— 3sin 3x) de

/

1 = cos br

3 dt

1 f{z + tan” #) aft

. [{1 - cof’ x) dx

-/

csc i
cscfl — sinﬂdﬂ
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Evaluating Integrals

Evaluate the integrals in Exercises 1-26.

o
1. f (2x + 5)dx
-2

]

13.

15.

17.

19.

2

Z5.

[6-5)e

.ﬁl[xl+ Vi) dx

_:|'!l
f _ﬁﬁr.'ll.!l:'
f&mxdr
fzsec—x.cir
]

I=/d
f csc @ cot @ a9
=4

fﬂ 1 + coss
—2

fﬂ (83 + siny) dy

a2

-1
f (r+ 17 dr
1

I T
[, (5-2)
W2 i
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f|.1:|.:i:'
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