Sec. 2.3 The Trigonometric Functions 57

Concepts Review

1. The natural domain of the sine function is
its range is

s

3. Since sin(—x) = —sin x, the sine function is
and since cos(—x) = cos x, the cosine function is

El

4. If (—4, 3) lies on the terminal side of an angle 6 whose ver-
tex is at the origin and initial side is along the positive x-axis, then
cosd =

2. The period of the cosine function is ; the pe-
riod of the sine function is ; the period of the tangent
function is
Problem Set 2.3 )

1. Convert the following degree measures to radians (leave
7 in your answer).

" (a) 30° (b) 45° (c) ~60°
(d) 240° (e) —370° ) 10°
(g) 22%° (h) 600° (i) -120°
2. Convert the following radian measures to degrees.
(a) ¢ (b) iw () i
@) 3m (e) _17377 0 &
(g) 3w (h) ¥ () —3m

[€] 3. Convert the following degree measures to radians
(1° = 7/180 = 1.7453 X 107? radians).

(a) 33.3° (b) 46° (c) —66.6°
(d) 240.11° (e) —369° () 11°
(g) 22.5° (h) 359° (i) -121.35°

4. Convert the following radian measures to degrees (1 ra-
dian = 180/7 = 57.296 degrees).

(a) 3.141 (b) 628 (c) 5.00
(d) 0.001 (e) 0.1 ® 36.0
(g) —2.00 (h) 1234 (i) -10.0

5. Calculate (be sure that your calculator is in radian or de-
gree mode as needed).

56.4 tan 34.2°
@ ~a3are
(c) tan(0.452)
(e) cos(—0.361)

6. Calculate.

(b) 5.34tan21.3°
sin3.1° + cot23.5°

(d) sin(—0.361)

(f) tan(-0.361)

234.15in(1.56)

———— b) sin?(2.51) + Vcos(0.51
(a) cos(0.34) (b) sin®(2.51) cos(0.51)
7. Calculate.

56.3 tan 34.2° ®) ( sin 35° )3
@ —nser Sin26° + cos 26°

8. Verify the values of sint and cost in Figure 6.
9. Evaluate without using a calculator.

(a) )tan<—76z) (c) 5;0(3—47{)
(

(b) sec(m)

(d) csc %) (e) cot (%) ® tan(——})
10. Evaluate without using a calculator.

(a) tan( ) (b) sec (%) _ (c) cot (%)

(d) csc<%) (e) tan(—%) ®) cos(— %)

11. Verify that the following are identities (see Example 2).
1

sec’z

(b) (sect — 1)(sect + 1) = tan’¢

(c) sect — sinttant = cost

(a) (1 +sinz)(1 —sinz) =

2
sec’t — 1 .
(d) — = sin?¢
sec’t

12. Verify that the following are identities (see Example 2).

. 1
(a) sin*v + —~=1
sec?v

(b) cos3t = 4cos’t — 3 cost Hint: Use a double-angle identity.

(c) sin4x = 8sinx cos®*x — 4sin x cosx Hint: Use a double -angle
identity twice.

(d) (1 + cos@)(1 — cosh) = sin?0

13. Verify the following are identities.
sinu , cosu

( ) =1
cscu secu

() (1 — cos?x)(1 + cot’x) =1

(c) sint (csct — sint) = cos’t

1—-csc?r -1
(@ 2, a2
csc’t sec’t
14. Sketch the graphs of the following on [—, 27 ].
(a) y = sin2x (b) y = 2sin¢
(c)y= cos(x - %) (d) y = sect

15. Sketch the graphs of the following on [—r, 27 ).
(a) y = csct (b) y = 2cost

(c) y = cos3t (d) y= cos(t + -g)
Determine the period, amplitude, and shifts (both horizontal and
vertical) and draw a graph over the interval —5 = x < 5 for the func-
tions listed in Problems 16-23. N

16.y=3cos32‘- 17. y = 2sin2x

1
18. y = tanx 19. y=2+gcot(2x)

20. y =3 + sec(x — ) 21. y = 21 + 7sin(2x + 3)

kU m
22.y=3cos(x—-—2—) -1 23 y=tan(2x—§>

24. Which of the following represent the same graph? Check
your result analytically using trigonometric identities.
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(b) y= cos(x + %) .

(d) y = cos(x < )

(f)v y= coé(x - %)

(h) y= sin(x - %)

25. Which of the following are odd functions? Even func-
tions? Neither? '

(a) tsint
(d) lsint|

(@) y = sin(x + 127—)
(¢) y = —sin(x + @)

(e) y = —sin(7 — x)

(g) y = —cos(m — x)

(b) sin*t
(e) sin(cost)

(c) csct
() x +sinx

26. Which of the following are odd functions? Even func-
tions? Neither?

(a) cott + sint (b) sin’¢ (c) sect
(d) Vsin*t (e) cos(sint) (f) x* + sinx

Use the half-angle identities to find the exact values in Problems 27-31.

7. cost ¥ = i % =
27. cos 3 28. sin’ ¢
29, sin® ~ = . cos? = =
sin 6 30. cos D
31 in? T =
sin’ 3

32. Find identities analogous to the addition identities for
each expression.

(a) sin(x — y) (b) cos(x — y) (c) tan(x — ¥)
33. Use the addition identity for the tangent to show that
tan(t + ) = tant for all in the domain of tan £.

34. Show that cos(x — ) = —cos x for all x.

[=][<€] 35. Suppose thatatireona truck has an outer radius of 2.5
feet. How many revolutions per minute does the tire make when
the truck is traveling 60 miles per hour?

[=]1 36. How far does a wheel of radius 2 feet roll along level
ground in making 150 revolutions? (See Example 3.)

[=][<] 37. A belt passes around two wheels, as shown in Figure 15.
How many revolutions per second does the small wheel make
when the large wheel makes 21 revolutions per second?

Figure 15

38. The angle of inclination « of a line is the smallest positive
angle from the positive x-axis to the line (e = 0 for a horizontal
line). Show that the slope m of the line is equal to tan e.

39. Find the angle of inclination of the following lines (see
Problem 38).

(@ y=V3x—1 (b) V3x+3y=6

40. Let £, and £, be two nonvertical lines with slopes m; and
m,, respectively. If 6, the angle from £, to ¢, ,is not a right angle, then
m, —
tanf = My T My
1+ mym;

Show this using the fact that 6 = 6, — 6;in Figure 16.

y b
4
)
6
= / Tx
Figure 16

41. Find the angle (in radians) from the first line to the sec-
ond (see Problem 40).

(a) y=2x,y =3x (b)y=§,y=—x
() 2x—6y=12,2x + y =10

42. Derive the formula A = 377t for the area of a sector ofa
circle. Here r is the radius and ¢ is the radian measure of the cen-
tral angle (see Figure 17).

RN RIS

Figure 17

43. Find the area of the sector of a circle of radius 5 cen-
timeters and central angle 2 radians (see Problem 42).

44. A regular polygon of n sides is inscribed in a circle of ra-
dius r. Find formulas for the perimeter, P,and area, A, of the poly-
gon in terms of n and r.

45. An isosceles triangle is topped by a semicircle, as shown
in Figure 18. Find a formula for the area A of the whole figure in
terms of the side length r and angle ¢ (radians). (We say that Ais
a function of the two independent variables r and t.)

Figure 18
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3. (a) 0.5812; (b) 0.8029; . (¢) —1.1624; (d) 4.1907;
(e) —6.4403; ( 0.1920; (g) 0.3927; (h) 6.2657,
(i) —2.1180

5. (a) 68.37; (b) 0.8845; (c) 0.4855; (d) —0.3532;
(e) 0.9355; (B —0.3775

7. (a) 46.097; (b) 0.0789
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Answers to Odd-Numbered Problems A-5

19. Period = 7; shift: 2 units up

i)

21. Period = 7;amplitude = 7;shift: 21 units up, 3 units left

y
2!
20
15
10
5

-4 2 2 4 x

23. Period = 7; Shift % units right

25. (a) Even; (b) Even; (c¢) Odd; (d) Even;
(e) Even; () Odd

27.F 29.% 3L

35. 336 rev/min

37. 28 rev/sec

39. @35 (b) ¥

41. (a) 0.1419; (b) 1.8925; (¢) 1.7127

2-V2

2 2gin L cos L+ ™ gin2 L
43. 25 cm 45. r°sin > cos 5 5 sin >
nn+1
47. Si(n) = % 49. Sy(n) = in*(n + 1)
51. 67.5°F

53. Ast increases, the point on the rim of the wheel will move
around the circle of radius 2.
(a) x(2) =~ 1.902; y(2) = 0.618; x(6) ~ —1.176;
y(6) = —1.618; x(10) = 0; y(10) = 2; x(0) = 0; y(0) = 2
M) x(t) = —2sin(%1), y(t) = 2cos(%¢)
(¢) The point is at (2,0) when Z¢ = %; that is, whent = 3
55. (¢c) A;sin(wt + ¢;) + Agsin(wt + ¢,) + Azsin(wt + ¢5)
= (A;cos ¢, + A,cos ¢, + Az Coss)sinwt
+ (A;sing, + A,sing, + A;sing;)coswt

57. (a) (b) y




