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EXERCISES for Section 6.1

In Exercises 1 and 2, determine two coterminal ang!es
(one positive and one negative) for the given angle. Give
your answers in degrees.

1. (a)

r

2

= (a)o =300° (b) Q —420°

In Exercises 3 and 4, determine two coterminal angles
(one positive and one negative) for the given angle. Give

your answers in radians.
g AT
;_\_ T3

3. (a)
8w

9=5%

0 =

- \

T
9

(®)
(b)

In Exercises 5 and 6, express the given angle in radian
measure as a multiple of .

5. (a) 30° (b) 150°
(c) 315° (d) 120°
6. (a) —20° (b) —240°
(c) —270° (d) 144°

In Exercises 7 and 8, express the given angle in degree
measure.

7
7. @ 2 ® 7
© -2 @ 7

--”\7’\

7
8. (@) 5 ® -1
11 34
© 5 @ 2

9. Let r represent the radius of a circle, g the ¢
(measured in radians), and s the length of lehmral g,
tended by the angle. Use the relati(mShip 6e e g
complete the following table. = tfry,

r 8 ft 15 in. 85 c¢m ﬁ\.

1

8642'“j

0 1.6 3—471- 4 n |
3

\\}

10. The pointer on a voltmeter is 2 inches in length
figure). Find the angle through which the Pointer oy,
when it moves 3 inch on the scale.

}lﬂ

FIGURE FOR 11

FIGURE FOR 10

11. An electric hoist is being used to lift a piec® of equf

ment (see figure). The diameter of the drum onone ﬁ:ﬂ.
is 8 inches and the equipment must be ral_Sed e 6
Find the number of degrees through which
must rotate.

¥
12. A car is moving at the rate of 50 miles per ho¥
the diameter of its wheels is 2.5 feet.
(a) Find the number of revolutions pef
wheels are rotating. in e ¥
(b) Find the angular speed of the wheels
minute.

minute that »



and 14, determine all six trigonometric

o5 102 9.
nﬂ‘erclsior e given angle.
:unﬂmnS ®
b @, | 3, 4

@, -15)

12,79

@, -1

n Exercises 15 and 16, determine the quadrant in
which 6 lies.

15, sin § < 0 and cos <0
16, sn0>0andcos 6 <0

In Exercises 17—22, find the indicated trigonometric
functions from the given one. (Assume 0 < 6 < /2.)

- 17, Given: sin 0 = % 18. Given: sin 6 = %
Find: csc 6 Find: tan 0
| ‘ /ﬂl
2 i 6
]
;
. - Given: cos g = % 20. Given: sec 0 = -153
Find: cot Find: cot 8

‘
. 13
4
[’}
5
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21. Given: cot § = % 22. Given: tan 6 = %
Find: sec 6 Find: sin 0
1
8
9 0
15 2

In Exercises ?3—26, evaluate the sine, cosine, and tan-
gent of the given angles without using a calculator.

23. (a) 60° () .231
T S

© 7 @
2. (a) —%’ (b) 150°

T T

(© ) @) )

25, (a) 225° (b) —225°

(c) 300° (d) 330°
26. (a) 750° () 510°
107 177

© 3 @ 3

In Exercises 2730, use a calculator to evaluate the
given trigonometric functions to four significant digits.

27. (a) sin 10° (b) csc 10°
28. (a) sec 225° (b) sec 135°
29. () tan -g () tan 1‘;—'"
30. (a) cot (1.35) (b) tan (1.35)

In Exercises 31—34, find two values of 8 corresponding
to the given functions. List the measure of 6 in radians
(0 < 6 < 2m). Do not use a calculator.

V2 V2
31. (a) cos 6 = > (b) cos 6 = ===
32. (a) sec 0=2 (b) sec 6 = =9
33. (@) tan 6 =1 (b)cot0=—\/§

3 3
34.(a)sin0=—2— (b)sin0=——2-

In Exercises 35—42, solve the given equation for 6
0 < 6<2m. For some of the equations, you should
use the trigonometric identities listed in this section.

35, 2sin? =1 36. tan? 6 = 3

37, tan? 6 —tan 6 =0 38. 2cos> 6 —cos 6 =1
39, sec fcsc 0 =2csc 6 40, sin 6 = cos §

41. cos2§ +sin 6 =1 42. cos (6/2) — cos 6 =1
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EXERCISES for Section 8.2

In Exercises 1-10, determine the period and amplitude
of the given function.

1. y = 2 sin 2x 2. =lsin mx
2

. X
5-)'=—281n§ 6.y=-—cos%
7. y = —2sin 10x 8.y=%cos2—3x
2
9. y = 3 sin 4mx 10.y=§cos%

In Exercises 11 and 12, use a graphing utility to graph
each function fon the same set of coordinate axes when
c=—2,¢c=—1,c=1, and ¢ = 2. Write a description
of the change in the graph caused by changing c.

12. (@) f(x) =sinx + ¢
() fx) =
—sin(27x — ¢)
(¢) f(x) = ccosx

11. (a) f(x) = csinx
(b) f(x) = cos(cx)
(©) f(x) = cos(mx — ¢)

In Exercises 13—26, sketch the graph of the given
function.

13. y = sin% 14. y = 2 cos 2x
15. y = —2 sin 6x 16. y = cos 2mx
17.y=—sim-213”—t 18. y = 2 tan x
19. y=csc§ 20. y = tan 2x

21. y = 2sec 2x 22. y = csc 27x

w™

23, y=sin(x + @) 24. y = cos (Zx = 3‘)

o w

25.y=1+cos(x—§) 26-y=—1+sin(x+5)

In Exercises 27 a_nd 28, find aq, p, and .
graph of the function matches the grapp, ini?l $4
& fi

&u

thy
e,
Y=aqa Sill(bx e

27. y = a cos(bx — ¢) 28.

y v )

In Exercises 29 and 30, use a graphing utijity -
pare the graph of f with the given graph. In each c;)m.
the graph of f is a Fourier approximation of the givs:'
graph. Try to improve the approximation by aq dingn
term to f(x). Use a graphing utility to verify that youar
new approximation is better than the original. Cay you
find other terms to add to make the approximation eye
better? What is the pattern? (In Exercise 29, sine terms
can be used to improve the approximation and in Exg.
cise 30, cosine terms can be used.)

29. f(x) = %(s'm 7x + % sin 31'rx)

FIGURE FOR 29 FIGURE FOR 30

1
30. f(x) = 3 %(cos ax + % cos 317x)

In Exercises 31—48, determine the limit (if it exists)

i — cos %)
31. lim 222 32. lim 24—
x—-0 S5x x—0 X .
_ tan
33. lim =22~ 2 ol 34. lim L
60 Osec 0 60 6
in2
35, lim 22 X 36. lim & sec
x=0 X 4)-11‘ ¥
cos x 1 — 't
37. i =
x—m2 COt X 38. 11_1.'7'34 sinx — cos ¥
. sin? ¢ in 7\?
39. 1im 2% [Hint: Find lim (S——) ]
t—-0 ¢ 10 t

40. Tim sin 3¢ o sin 3t).]
par P Hint: Find %1_{1& 3 /3t



2
g et 2sinZX)( 3x )]
[Hin“ Find l‘fg ( 2x 3 sin 3x
2x
tan
b
0 - cos ) 44. }}n(l) (1 + cos 2h)
m~h I
o % 7 46. lim secx
s % -2
) 48. lim
x—m2" CO8 X

. /
g, B sin ®

ises 49-54, find the discontinuities (if any) f
n B “which are removable? e

n .
ipe functio”
. _ X
0. f(X) = x +smmx 50. f(x) = cos >

X
51, [0 = csc 2x 52. f(x) = tan 5

cscﬁ, |x — 3] <2
L f® =
./t 2, |x=3l=2
tan'—”fE x| <1

x| =1

’

54, f(®) = l
x

g ln Exercises 55 and 56, use a computer or graphics
lculator to sketch the graph of the functionf, and find

ca
the specified limit (if it exists).
sin 5x .
5. f®) = Gn 2x’ %ﬂx)
1 — cos 3x
56. = i
f() PRI chl_rj(l) fx)

& In Exercises 5762, use a graphing utility t0 graph the
given function and the equations y = * andy = —xin

8.3 Derivatives of Trigonometric Functions
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the iewi
iie sSar:e viewing rectangle. Using the graphs to observe
queeze Theorem visually, find lim f()-
x—0

57. f(x) = x cos x
59. f(x) = \x\ sin x

61. f(x) = x sin 1
X

58. f(x) = |x sin x|
60. f(x) = |x| cos x
1

62. h(x) = x cos _
x

63. . oy
@ E:: ?;' g;\p—_lzmsgm utility _to graph f(x) =X, g(x) = sinx,
B X/J'c in the same viewing rectangle.
o p A e magnitudes of f(x) and g(x) when x is
close to” 0. Use the comparison to write a short par-
agraph explaining why liII‘l) h(x) = 1.
x—

& 64. Lfsg a graphing utility to graph f() = X» gx) =
sin? x, and h(x) = sin? x/x in the same viewing rect-
angle. Compare the magnitudes of f (x) and g(x) when
x is “close to” 0. Use the comparison to write a short
paragraph explaining why 1in(1) h(x) = 0.

65. Fi.nd the limit as x approaches zero of the ratio of the
triangle’s area to the total shaded area in the figure.
N

5 fx)=1—cosx

(—x,1 —cos X) (x,1 —cos x)
. X

-7 i B

(1B}

FIGURE FOR 65

66. When tuning a piano, a technician strikes a tuning fork
for the A above middle C and sets up a wave motion
that can be approximated by

y = 0.001 sin 8807t

where ¢ is the time in seconds.
(a) What is the period p of this function?
(b) What is the frequency f of this note? (f =1 /p)
(c) Sketch the graph of this function.
67. Prove the second part of Theorem 8.2.

Derivatives of sine and cosine functions = D

In the previous section, W

erivatives of other trigonometric function

s = Applications

e discussed the following limits.

1—cosAx____

sin Ax _ :
lim —Ay =1 and A‘}fi‘o Ax 4

Ax—0

These tWO limits

proofs of the derivatives of the sine

are crucial 10 the
of the other four trigonometric func

The deriv atives

~ncine functions.
PUTHDI ¢ 5
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iti . we have x = 8. Finall

ing the positive so!utlon, ‘ ' " iy

Srr/lgo:rlldgx = 8, the velocity of the piston 1§ 0.
96007V3

MMOOW) =——13 =~ —4018 in./mip_

7 6(1/2) — 16

the velocity in Example 12 is negative because tpe pist,
Ui

REMARK Note that
moving to the left.

—

EXERCISES for Section 8.3

In Exercises 1—44, find the derivative of the given
function.

l.y=x2—%cosx 2.y=5+sinx

1
3.y=;—35inx 4. g(t) = wcost

5. f(x) =4Vx + 3 cos x
6. f(x) =2sinx + 3cosx

7. f(t) = t*sin ¢ 8. fx) = ﬂ;ﬁ

9. g() = 50:—’ 10. f(6) = (6 + 1) cos 0
11. y=tanx — x 12. y=x + cotx

13. y = 5xcscx 14.y=§°%§

15. f(6) = —csc 6 — sin 0
16. h(x) = x sinx + cos x
17. g(t) = ?sint + 2t cos t — 2 sin ¢
18. h(9) = 5 sec 36 + tan 30

19. f(x) = sin 7x cos mX 20. f(x) = tan 2x cot 2x

1+ cscx sin
21,'y_1—cscx 2.7 =T "cos 6
23. y = cos 3x 24, y = sin 2x
25. y = 3 tan 4x 26.y=2cos§
27. y = sin mx 28. y = sec x?

1
29.y= i sin? x 30. y = 5 cos® mx

1
3. y= 2 sin? 2x 32. y = 5 cos (mx)?
33, y = Vsinx 34. y = csc? 4x
35. y = sec® 2x 36. y = x?sin :
X

37. y =In|cscx —cotx| 38,y =In|secx + tan x|
39. y = eXGsinx + cosx)  40. y = tan’ ¢*

41, y = e~ 42. y = In|cot x|

43. y = In |tan x| 44. y = In |sin x|

In Exercises 45-50, use i_mpliicit differentiation t, fin
dy/dx and evaluate the derivative at the indicateq pointd

o i S—
m
45. sinx + cos2y =2 (E’ 0)
. — (z i
46. 2sinxcosy = 23
47. tan (x + y) = X ©,0)

48. coty =x — )
49. xcosy =1

1
50. x = sec —

y

In Exercises 51 and 52, show that the function satisfies
the differential equation.

51. y=2sinx + 3cosx
y+y=0

52. y = e*(cos V2x + sin V2x)
yn_2y1+3y=0

I_n Exercises 53 and 54, find the slope of the tangent
line to the given sine function at the origin. Compare
this value to the number of complete cycles in the 1"
val [0, 27].

(b) y = sin 2x

53. (a)y = sinx

el
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5-62, evaluate each limit, using |

Ha-
jses necessary.
i £)(erfiule wher ; > Oportiong] ¢, its ;
l® . 56. lim -S0X Pl‘.oportionaﬁty. net Weight. (Let k be the constant of
p‘ 2 Shde ) Fmd e
| 5111/3 x»mX = g i th ock and gy mmlnlmumfor?aneededto
i gn . § — k08 § 1t F cos ¢ ; € comresponding value of §.
605 anx 58. lim ——>2 Y and F gy g+ o the force j . 2 :
) Sin ¢ n the direction of motion
L s 00 block, Thege, '° 2mount of f ing to 1
By S 0 i F i Theref"fe, the o nding to lift the
== 60. lim (an2x — seq 5, Sin 6] Fet weight of the block is W —
jm 40 1 — ex 2. Whey
I 62. lim —< o 18Rt Waves gy
sin x~0 sin x ke the surface o a :ee o in  transparent medium
fl jim ¥ X 0d t0 “beng » This 1o c:nd ransparent medium, they
‘o is given s v CeNCY i called refraction, and
- 6366, sketch tpe graph of each function ) by Snelr’s Law of Refraction, A
y Elefc'j-ec ted interval, making use of relative extrema Sn 6, _sin 6,
0™ slection. iy,
otfe’ 15 of inflec V2
n
o P Interval Where ¢
: Interval X 1and 6, are th i
unction in the aCCOmpaznyin g magnitudes of the angles shown
: in 2 0,2 " . roingligure, and v; and v, are the veloc-
x + sin 2x [0, 27] ities of | 9 »
=7 sin ight in the :
two medi
) . ] a. Show that light waves
@ fl 5 sin x + €08 2X [0, 2a1] traveling from P to O f s
o f0 = i % [0, 4] Q follow the path of minimum time.
=X ’
.10 —x [0, 4]
=CcoS X ’
A f(x)

Frercises 67 and 68, sketch the graph of the function
: e interval [~ a]. In ?é_lCh case use Newton's
yethod t0 approximate the critical number to two dec-
imal places.

a.f0 =% sin x 68. f(x) = x cos x

ight of a weight oscillating on a spring is given
. gihl::eegqhuation y =3 cos 12¢ — § sin 121, where y is FIGURE FOR 72
measured in inches and ¢ is measured in seconds.
(a) Calculate the height and velocity of the weight
when ¢ = /8 seconds.
(b) Show that the maximum displacement of the weight

73. A sector with central angle 6 is cut from a circle of
radius 12 inches, and the resulting edges are brought
together to form a cone (see figure). Find the magnitude
of 6 so that the volume of the cone is maximum.

. % inches.' ’ 74. The cross sections of an irrigation canal are isosceles
() Find the period P of y. Find the frequency,f (umber trapezoids, where the length of the three sides is 8 feet
of oscillations per second) if f = 1/P. i s (see figure). Determine the angle of elevation 6 of the
M. The general equation giving the height of an oscillating sides so that the area of the cross section is maximum.
weight attached to a spring is
. k
Y:Asm(\/nglt)+Bcos (\/%t) g 8 o
\ ke B ]
Where k is the spring constant and m is the mass of the <10
Weight,
. FIGURE FOR 74
) Show that the maximum displacement of the weight
©) lSsh\/l? {lations FIGURE FOR 73
OW that the frequency (number of oscillatio . ' _
Per second) is (1 /2m)Vk/m. How is the frequency 75. An airplane flies at an altitude of 5 miles tow:val;d :)POTE:
changed if the stiffness k of the spring is increased? directly over an observer (see figure gn nexF 11:1 dg‘hé e
OW is the frequency changed if the mass m of the speed of the plane is 600 miles per hour. T "
ight i i e ; f elevation 6 is changing for the
g Weight is increased? ; at which the angle 0
" “mponent is desi i block of steel 0 following angles. .
Wej designed to .shde a ey b=30° (b)6=60 ©8=15.
e . CT08S a table and into a chute (Sfi (a)
otion of the block is resisted by a frictional force
b

[ L5l
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