8.1

10.

11.
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Radian Measure of Angles
30°=30 L radians = il radian

180 6
120°=120 T radians = 2_n radians

315°=315 L radians = m radians
180 4

18°=18 T radians = I radians
180 10
72°="172 N radians = z—n radians
180 5
150°=150- I radians = 5_7t radians
180 6
b1 . 51 .
450° = 450 -—— radians = — radians
180 2
-210°=-210 I radians = _7_11; radians
180 6

-90°=-90- I radians = _r radians
180 2

990° =990 - I radians = % radians
-270°=-270 L radians = _3_71'. radians
180 2

—540° = -540 I radians = -3 radians

t

8 g = 47 radians

T

t=-3-—= _3_71 radians
2 2

t=7-

|3

= 7—n radians
2

t=9-

= 9_11; radians
2

o

t=-6 g = —37 radians

t= —5-g= _5_7t radians

t:2-£:2—7E radians
3 3

12.

13.

14.

15.

t

5 L radians
4

&
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16.

17.

18.

8.2

Y )

Y Y

The Sine and the Cosine

. 1
SiInt=-—;cost =
2

ol ol

. 2
Sint =—;cost =
3

r=\/x2+y2 =\/32+22 =13
sint—i'cost—i
J137 J13

A\ 1

12.

13.

Section 8.2 The Sine and the Cosine

r=yx*+y%, so

xz\/rz—y2 2\/42—12 Z\/E
V15

1
sint =—;COSt=—
4 4

s 3
Sint = —;cost = ——

J34 J34
PP 37 =22+ 12 =45

o 2
Sinf =—=;C0St =———=

NG N
r=yx? )% =22 +(=3)° =13

sint=—%;cost=%
r=y 437 = (22 +(2)° =8
2_2 2

B 22 2

-2 2 V2

COSZ‘=E=—E=— 5
r=yx? 437 =6 +(8) =1

sint =

sint=§=.8;cost=£=.6
1 1

r=yx? 437 =(-0.6) +(-0.8)> =1

sinf=—=-.8;cost=—=-.6
1 1

r=yx? 437 =(8) +(-6)* =1

sintf=—= —.6;cost=§=.8
1 1

a=12,b=5,andc=13

sint =2=i: .3846
c 13

t = .4 radians
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Chapter 8 The Trigonometric Functions

t=1.1and c=10.0;
. b . b
sint=—=sinl.l=—=
c 10.0
b=.89121(10.0) = 8.9
t=1.1landb=32

. b . 32 32

sint=—=sinl.l=—= c= =

c c 89121
t=4andc=5.0
cost=£:> cosO.4=i:>

c 5.0
a~=(.92106)(5.0)=4.6
t=4,a=10.0
cos.4=10'0:cz 10.0 =109

c 92106

t=.9,¢=20.0

sint =2=>sin0.9 =L=>
c 20.0

b~ (.78333)(20.0) = 15.7

a a
cost=—=c0s09=—-=

c 20.0
a~(.62161)20)=12.4
t=.5,a=24

a 24
cost=—=c¢08.5=—=

c c
24

87758
. b . b
sinf=—=sin.5=——=

c 2.73
b= (.47943)(2.73)=1.3
t=1.1,b=35
. b . 35
sint=—=sinl.1=—=

c c
o= 35 -3

89121

a a
cost=—=cosl.l=—=
c 3.93

a=(0.45360)(3.93) = 1.8

T T
COSt=COS| —— | =>t=—
( 6) 6

COS? = COoS )

3
cost_cos(m):,_
(-

4

4n)
:t—

COSt =CcoS| ——
6

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

Sn Sm
CoOSt=cCcoS| —— | =>t=—
8 8
371: 3n
cost=cos| —— [=t=—
4 4
. 3n T
sint=sin| — |=>t=—
4 4
. n o
sint=sin| — |=>t=——
6 6
411: T
sint=sin| —— |=>t=—
3 3
. (3m 3n
sSinf=—-sm| — | =>ft=——
8 8
T T
sSinf=-—sm| — |=>t=——
£)=r-%
T T
sintf=-smn| —— |=t=—
( 3) 3

. T
smt=cost:>t=z

. T
Slan—COSl:IZ—Z

cos ¢ decreases from 1 to —1 as ¢ increases

fromOto 7.

. 3n
As t increases from tto —,

3n .
from 0 to —1. From 7 to 27, sin ¢ increases

from -1 to 0.

sin 57t = 0; sin(—2m) = 0

. (17m . [(—13m
sin| — |=1;sin =-1
2 2

cos Sm=-1; cos (2m) =1;

cos(”—n =0; cos ﬂ =0
2 2

sin(.19) =v1—cos?.19 = .2
cos(.19 —4m) =cos(.19) =.98
cos(—.19) = cos(.19) = .98
sin(—.19) = —sin(.19) = -2

Copyright © 2018 Pearson Education Inc.
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40. sin (—42) =—sin(.42) = -.41
sin (6 —42) = sin (—.42) =—.41

cos(.42) =1—sin’ 42 = 91

41.

a.

[0, 365] by [—10, 75]

59+ 14cos| = (45 - 208)
365

=59 +14cos(-2.81) = 45.76

The temperature on February 14 is
approximately 46°.

The coldest temperature will be when
cosine has the value —1, and the warmest
temperature will be when cosine has the
value 1.

59 + 14(—1) = 45° is the coldest tap water
temperature

59 + 14(1) = 73° is the warmest tap water
temperature

L

Hinirumm
HZEEEOON0T YEHE
Estimate: ¢t = 25.5

. 21
S -n)=-1, —(t—208)=-m
ince cos (—m) 365( )
1-208=-2
2

t= —%+208 =255

Tap water is the coldest on January 26.

Haxirum
HzEoE0a00l Y=PE
Estimate: t = 208

. 27
S 0)=1, —(—-208)=0
ince cos (0) 365( )

t—208=0;¢=208
Tap water is the warmest on July 27.

42.

Section 8.2 The Sine and the Cosine 267

2
f. 59+ 14cos| —=(r—208)|=59
365

cos[z—“(z—zos)} -0
365

2% —208)=T
365 2
1—208=3%
t=299.25
Z_R(t — 2()8) = 3_7'[
365 2
t—208 = @
4

t =481.75, which is
equivalent to 481.75-365=116.75.

Tap water is 59° on October 27 and
April 27.

-~

Inkgrseckion
n=116.7E ¥=E£8

Inkgrseckion
n=ehoek ¥=£a

TN

[0, 365] by [—100, 1000]
. [ 2m
720+ 2005sin %(45 —179.5) | = 608.08

The shortest amount of daylight will be
when sine has the value —1, and the
longest amount of daylight will be when
sine has the value 1.

720 + 200(—1) = 520 minutes of daylight
720 + 200(1) = 920 minutes of daylight
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PN

Hinirum
H=FET.zE0nl T=Een
Estimate: ¢t = 353.25

Since sin (3_75) =-1,
2

20795 =T

365 2

£-79.5 =$:» t=353.25
t=353.25

The shortest amount of daylight is on
December 20.

PO

Haxirmurm
n=l70.ry9ee  ¥=8z0

Estimate: ¢t = 170.75

Since sin| X |=1, 2% (1~ 79.5)= % =
2) 7365 2

t—79.5 =%=>t= 170.75

The longest amount of daylight is on
June 20.

720 +200sin| 2% (1 79.5) | = 720
365

sin| 2% (1-79.5) |= 0
365

2 279520 (=795 =n
365 365
1=179.5 g 365
2
t =262

The two days during which the amount of
daylight equals the amount of darkness
are March 21 and September 19.

Pl
=

Inkgrseckion
=ro.E Y=ren

8.3

10.

11.

12.

13.

" T

Inkgkseckion
=Zhe Y=ren

Differentiation and Integration of
sin 7 and cos ¢

% sin4t = (cos 4t)(4) = 4cos 4t

d . .

7 (2cos2¢t) = 2(—sin2¢)(2) = —4sin 2t
d .

—4sint = 4(cost) =4cost

dt

d . .
Zcos(—4t) = —sin(—4¢)(—4) = 4sin(-4¢)

% 2co0s3t = 2(—sin3¢)(3) = —6sin 3¢

dfosindt)_df 1 Gna)=—Licos3r) )
dt 3 dt 3 3

=—cos3t

%(Hcos mit) =1+ (—sinmt)(m) =1 — msin 7t
d . .
E(tcost) =¢t(—sint)+(l)cost = cost —tsint

%sin(n —t)=cos(n—t)(—1) =—cos(n—1¢)

% (WJ _ %Gcos(zx - 2))
= %(— sin(2x +2))(2)
=—sin(2x +2)

d . .
?cos3 t=@3 cos’ t)(—sint)=-3 cos’ ¢sint
t

3
isin3 = i(sintz)
dt dt
2

=3 (sin tz) (cos 12)(2t)

= 6t cos#” sin” £
disinx/x —1=cos(x-1)""? %(x -2

X

_cosvx—1
2W0x -1
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Section 8.3 Differentiation and Integration of sin t and cost 269

d . .
—cose” =—sine*(e*) = —e" sin(e”)
dx

% sin(x—1) = %(sin(x ~1))""* (cos(x - 1)) (1)

cos(x—1)

2/sin(x —1)

—sin x) = —(sin x)e

d
ihedll eCOS X COS X ( COS X

dx -

d 8 70 .

E(l+cost) =8(1+cost) (—sint)
= —8sins(1+ cost)’

% Isin 7t = %(sin m)_z/3 (cos 7t)(7r)

T COS 1Tt

33/(sin 7l't)2

% cos?x* =2 (cos x> ) (— sin x° ) (3x2 )

= %7{ cos 7zt (sin ﬂt)72/3 =

= —6x”sinx° cos x°

d 2 LN _d
E(cos X +sin x)—g(l)—o

d . .
d—(ex sinx) =e* cosx+e sinx
x

= e (cos x +sin x)

4 (cosx +sin x)2
dx

= 2(cos x + sin x)(—sin x + cos x)
= 2(cos” x —sin® x)

%[sin (2x)cos (3x):|
= sin (2x)-[ —sin (3x)](3)
+ [2 cos (Zx)] cos (3x)
=2cos (Zx) cos (3x) —3sin (2x) sin (3x)

i(l+x)= cos x(1) = (1+ x)(—sin x)

dx \ cosx cos’ x
cosx +sinx + xsinx

COS2 X

d ( sint ) _ cost(cost)—sin#(—sint)
dt cos’ ¢

2, 2
_cos"t+sinr 1

cost

cos2 t cos2 t

26.

27.

28.

29.

30.

31.

32.

33.

d 2x+3 | _ . 2x+3 2x+3

ECOS [e ] = —sin [e ](e )(2)
— 2% gin (ezx+3)

iln(cost)=L(—sint)=—ﬂ=—cott

dt cost cost

d 1 2cos 2t

—In(sin2¢) = 20)(2) = ——

g NI 20) = o (Cos20@) ="a

=2cot2t

d . 1) cos(In?)

—sin(Int) = cos(Int)-| - |=———

7 (In7) (In?) (J ;

d 1

—I|(cost)Int|=cost-——sint(Int

7 [(cos?)Int] ; (In?)
=%St—(sint)lnt

y=cos 3x

slope = b —(sin 3x)(3) = -3 sin 3x
dx
When x = 13_75’
6
. 13
slope = —3sin (3 'T) =-3()=-3.

y=sin 2x

slope = b _ (cos 2x)(2) =2 cos 2x
dx
When x = S—TE,
4
S5
slope = 2cos| 2 oy =2(0)=0.

y=3sinx+ cos 2x

When x=£,
2
LT T
=3sin—+cos2{ — |=3+(-1)=2.
y > (2) )

slope = L =3cosx+(—sin2x)2
dx
=3cosx—2sin2x

When x ZE,
2

slope = 3cos£—2sin2~E =0-0=0.
2 2
The equation of the tangent line is

y—2=0(x—§) ory=2.
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34, y=3sin2x—cos 2x
When x=3—n,
4

y :3sin2(3—nj—0052(3—n) =-3-0=-3.
4 4

slope = % =3(cos2x)2 —(—sin2x)2
X

=6cos2x+2sin2x

When x=3—n,
4
slope = 6c052(3—n)+ 2sin2(3—n)
4 4
=0-2=-2

The equation of the tangent line is

3n 3n
-(-3)=2| x—— =-2x+—-3.
y—(-3) (x 4)ory X >

3s. jcos 2x dx = %sin 2%+ C

36. j3sin3x dx = 3(—%00s3x]+€

=—cos3x+C
37. J.—lcosi abcz—l 7sin£ +C
2 7 2 7
=—lsin£+C
2 7
38. J.Zsinﬁdx=2 —2cos£ +C=—4cos£+C
2 2 2

39. J.(cosx —sinx)dx =sinx+cosx+C

40. J.(Z sin3x + c0s22xjdx

= J(Z sin3x + %cos 2x) dx

=2 —lcos3x +l lsin2x +C
3 2\ 2

= —Ecos3x+lsin2x+ C
3 4

41. J.(— sin x + 3 cos(-3x)) dx

=cosx —sin(-3x)+C
=cosx+sin3x+c

42. J.sin(—2x)dx = %cos(—Zx) +C

= %cos(bc) +C

43.

44,

N

45.

46.

47.

.[sin(4x +1) dx = —%cos(4x +1)+C

Joos 352 Jir= feos( -1

:2sin(lx—1)+c
2

:2sin(x_2j+C
2

J
J

costdt=smt| =51n5—sm0=1
0

/4 1 /4

sin 2t dt = ——cos 2t|
2 0

= —1{005(2-1)—0%(2-0)}
2 4

= —1(0051—0080)
2 2

1 1
= —— —1 = —
7 (=3
P=100+ 20 cos 6¢
9P _ (220 sin 6£)6 =120 sin 61
dt
2
‘;_f — (=120 cos 666 = —720 cos 6t
t

Setting 6;—? =0 gives —120 sin 6t =0 =

sin6t=0= 6t=0, n, 2w, 3w, ... =

t: 0’ E) E’ E’ .
63’2
When ¢t =0,
2
d—f =-720 cos 6(0) =-720.
dt
When ¢ = E,
6
2
d—f = ~720cos 6(Ej = _720(~1) = 720.
dt 6
When ¢ = E,
3
2
d—f = _720cos 6(Ej = _720(1) = -720.
dt 3
When ¢ = E,
2
2
d—f = ~720c0s6| = | = -720(~1) = 720.
dt 2

(continued on next page)
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(continued)

Thust=0and ¢ = % give relative

maximum values for P. The maximum
value is

P=100+ 20cos6(§j
=100+ 20(1) =120
T T . .
t=—andt= 7 give minimum values for P.
The minimum value is

P= 100+200056(%) =100 —20 = 80.

b. The length of time between two maximum

values of P is i seconds. The heart beats

T
every 3 seconds. Therefore the heart rate

.1 .
is 180 =~ 57 beats per minute.
T

48. BMR(t) =.4+.2cos (%),

BM = JBMR(t) di

I{A +2 cos(%ﬂ dr

=4t +ﬁsin(ﬂj+ C
T 12

49, Since sin% =1,

nfen)-1in(g)-sin)

lim = lim
h—0 h h—0
=L@t ixz ~J@

fx)=sinx and Ax =k, a=§.

Therefore,
. s sin(a + h) —sin(a)
(sm(a)) = P
sin (% + h) —sin (%)
- h

’

but (sin(a))’ = [sin (gn =cos (g) =0.

50. fix)=cos (x),Ax=h,a=m=

So,
(COS(G))/ = lim cos(m + 1}11) —cosm
— lim cos(m+h)+1 -
h—0 h

(cos(n))/ =-sint=0

51.

®

£(18)=54+23 sin[i—g(ls— 12)}
~ 54+ 23sin(.72) = 69.17 = 69°

2n

() = 2,
b. f(t)—23c0s[52(t 12)}(52)
120) = 23008 22012 |[ 25
f (20)—23005[52 (20 12)}(52)
= 23c0s(.97) (i—;j =1.6

The temperature is increasing 1.6 degrees
per week.

¢ 54+23sin| 2F(1-12)|=39
52
. (2m
sin (— (t- 12)) =-0.65=
52

2% 12)= =071 or 22 (=12)= 071+
52 52

t—12=-5.88 t—12=31.88

t=6.12 t=43.88

Average weekly temperature is 39° during
weeks 6 and 44.
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23 cos [2_75 (t- 12)}(2—11) =-1
52 52

cos| ZX(t-12) | =—036
52

i—;(t—IZ) =194=1¢-12=16.06 =
t=28.06 or

2—n(t—12) =2n-194 =

52

t—12=3594=1=4794
Average weekly temperature is falling 1°
per week during weeks 28 and 48.

The average weekly temperature is
greatest when sine is 1 and least when
sine is —1. Since

sin (E) =1and sin (3_71) =-1,
2 2

2 12)= o 2o1)=3T
52 2 52 2
t-12=13 t-12=39
=25 t=51

The average weekly temperature is
greatest at week 25 and least at week 51.

The average weekly temperature is
increasing fastest when cosine is 1 and
decreasing fastest when cosine is —1.
Since cos (0) = 1 and cos (n) = -1,

21 2n
—(@-12)=0 —@-12)=m=
52( ) or 52( )

t=12 t—12=26
t=38

The average weekly temperature is

increasing fastest at week 12 and

decreasing fastest at week 38.

£(42)=12.18+2.725 sin[i—;(42—l2)}
~12.18+2.725sin(3.62) = 10.9 hr

f(t)=2.725cos [i—; (t- 12)}(?—;)

"3) < 2T gy || 2R
f'(32)= 2.725005[ 2 (32 12)}( 52)

~ 2725 c0s(2.42)| 2%
52

=~ —25 hours per week

1
sect = =

12.18+2.725 sin[i—;(t - 12)} =14
sin| 221 -12) |= .67 =
52

i—;(r—n) =73=t-12=6.04
t=18.04 or

2—7T(t—12) =n-.73=

52

t-12=19.96=1=31.96
There are 14 hours of daylight per day
during weeks 18 and 32.

2.725cos 2—Tt(t -12) (2_7'5) =25
52 52

cos 2—Tc(t -12) [=.76 >
52

i—;(t—u) =071=>¢-12=588=
t=17.88 or

i—g(r—lZ) =2n-0.71=
t—12=46.12= ¢t =58.12, which is

equivalent to r = 6.12

The number of hours of daylight is
increasing 15 minutes per week during
weeks 18 and 6.

The days are longest when sine is 1 and
shortest when sine is —1. Since

sin (E) =1and sin (3_7‘5) =-1,
2 2
3

2n T 21
Mii-12)=" M i-12) =
s UT1D=7 or 1=

t=25 t=51
Days are longest at week 25 and shortest
at week 51.

The number of hours of daylight is
increasing fastest when cosine is 1 and
decreasing fastest when cosine is —1.
Since cos (0) = 1 and cos (n) = -1,

21 21
—(-12)=0 —(-12)=m=
52( ) or 52( )

t=12 t=38
The number of hours of daylight is
increasing fastest at week 12 and
decreasing fastest at week 38.

8.4 The Tangent and Other
Trigonometric Functions

hyp.
cost adj.
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_cost _ adj.
opp.

cott =—
sint

(adj)® +5° =13* = adj.=12

tan ¢ = sinz _ opP. _ 5
cost adj. 12
1 hyp.
sect:—:ﬂ;:2
cost adj. 12
3% + (opp.)> = 4> = opp.= J7
any = S _ opp. _ V7
cost adj. 3
hyp.
sect=—=£;=i
cost adj. 3

(2" +(1)* = (hyp)” = hyp.=+/5

tant = sint _ opp. _ 1
cost adj. 2
1 hyp.
sect=—=£=—£
cost adj. 2

22 +(=3)% = (hyp.)> = hyp.=+/13
_sinz _opp. 3

tant =—=
cost adj. 2
hyp.
sect = = yp _13
cost adj. 2

(-2)* +2% = (hyp.)? = hyp. =8 =242

fang=SRL_0PP-_ 2 _
cost adj. 2
1 hyp. 242
ecr=—_ P22 __
cost adj. 2

(0.6)> +(0.8)* = (hyp.)> = hyp.=1

tant = sint _ opP. _§=i
cost adj. .6 3
I S
cost adj. .6 3

(—.6)* +(-.8)* = (hyp.)> = hyp.=1

_sinz _opp. —8 4

tant

cost adj. -6 3
wero L1 s
cost adj. -6 3

Copyright
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10. (0.8)%> +(=0.6)* = (hyp.)* = hyp.=1

tans = sint _ opP. _ -0.6 _ 3
cost adj. 0.8 4
woro L _hw._ 15
cost adj. 8 4
1L 5 _iassmasd g
Ih_\.g_,,,,_‘_;hu\m&w.r- T
P
] \\
1 N
| ==
E——————
A 75 oo
40° = 40°x = 2% _o7
180° 9
tan(0.7)=ﬂ=&?'=£
cost adj. 75
AB =75 tan (0.7) = 63 feet
12. ¢
-7 B
_ATT
Al
70 m A

Let AC be the distance between the ground
and the top of the spire, and 4B be the
distance between the ground and the top of the
church.

tan(.4) = % = AC =70tan(.4)
tan(.3) = % = AB ="70tan(.3)

The height of the spire is
70 tan (.4) — 70 tan (.3) = 7.94 meters.

13. isect = a1 = 0- (—512nt)(1)
dt dt \ cost cos”t
=tantsect
14. icsct _d .1 _0- (cozs )
dt dt \ sint sin” ¢
=—cotresct
15. icot = i C?St
dt dt\ sint
_ —sint(sint) — cost(cost)
sin’ ¢
—sin’t—cos’ ¢ -1
sin’ ¢ sin’ ¢

- 0502 t
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16. Lotz = 4 [ c0s3t) _ (=sin3n)(3)sin3t — cos3r(eos30)(3) _ —3(sin? 37 + cos’ 3¢)
Codr de\ sin3t sin” 3¢ sin” 3¢
= —_.(32)(1) = —3csc’ 3t
sin” 3¢
17. itan 4t = 3
dt cos 4t cos’ 4¢ cos” 4t

4()

cos” 4¢

( sin 4¢ j (cos 4t)(4) cos 4t —sin 4¢(—sin 4t)(4) 4(c0s2 4t +sin? 4¢)
=4se

o2 4¢

18. %tan it = sec? (mt)-m=m sec’ (mt)

19. di [3tan(n - x)] = 3sec? (m - x)(~1) = -3sec’ (1 - x)
X

20. di [5tan(2x +1)] = Ssec® (2x +1)(2) = 10sec” (2x +1)
X

21. di[“ tan(x2 +x+ 3)} = 4sec? ()c2 +x+3)2x+1)=(8x+4) sec’ ()c2 +x+3)
X

22. 1[3 tan(1 - xz)] =3sec(1- x2)(=2x) = —6xsec? (1 - x?)
dx

23. itan X = itan X2 =sec? 2| = ! x 12 =3¢ \/_
dx dx 2 2\/_
-172 2 x? -
24, i|:2 tan/x? — 4} = i2 tan(x2 - 4)1/2 = 2sec’ ()c2 - 4)1/2 (l(xz - 4) (2x)j = 2xsec’ Vx —4
dx dx 2 2 -4

d
25. d—[xtanx] = xsec’ x+(tanx = xsec’ x + tan x
X

26. i[ tan 2x] = ¥ sec? 2x(2) + & (3) tan 2x = &3 (2 sec? 2x +3 tan 2x)
dx

27. 4 tan’ x = 4 (tan x) =2 (tan x) (sec2 x) 2 tan xsec® x
dx dx

d _d 2 _ 1 ~12( 2 \_ Sec’x
28. . tanx—d—(tanx) —E(tanx) (sec x)——

x x 2+/tan x

29, %(1 +tan20)° =3(1+ tan )’ (sec® 2) (2) = 6sec? (20)[ 1+ tan (21) |

30. %tan“ 3= %(tan 30)* = 4(tan 3¢)° (5602 3;)(3) = 12(tan" 3¢)sec? 3¢

Copyright © 2018 Pearson Education Inc



Section 8.4 The Tangent and Other Trigonometric Functions 275

1 1 i
31. i1n(tant+scct) :iln(tant+ j: (seczt+Ln;)
dx dx cost tant +sect cos” t
1 i 1 1
=—(seczt+ st j= (sec2t+tantsect)
tan? +sect cost cost) tant+sect
1
=————(sect +tant)sect = sect
tant +sect
d 1 5. cost 1 . /8
32. —|In(tan?)|= sec” t = . 2 7 _ 7
dx[ ( )] tant sinf cost 38. J:mg sec (x+§) dx = tan(x+—)
1 -r/8
=———=csctsect =1-0=1
sinzcost
1 2
39, [—g—do=[sec? xdv=tanx+C
33. a. y=tanx:>ﬂ=sec2x cos? x v T ) see rar=tany
dx
3 3
L =se02£:2 40. I 5 dx=3jse022xdx=—tan2x+C
dx|_z 4 cos” 2x 2
ool Chapter 8 Fundamental Concept Check
7 4 Exercises
1. On a circle of radius 1, a central angle of one
b. | Y | radian is determined by an arc of length 1
! ! along the circumference.
| |
! ! 2. To convert degree measure to radian measure,
-m/2 | T == L7/ . /4
- . multiply the angle measure by ——.
: 0 7_[/4 J‘ x p y g y 1800
| |
: i d=d°- il radians.
| | 180°
3. Given the right triangle shown below.
d
34. a. y= tanx = 2 = sec? x =
dx
d Opposite
= =sec’0=1 side
dx x=0
y=-0=1(x-0)=y=x
. Adjacent side
b. Y y = tan x .
| ( E Ging = Opposite _ y
! ! Hypotenuse r
| —y =4 Adj t
B} I cos = xdacent X
g o glypoténuse r
f ‘{ tan 0 = pposne _J)
} ! Adjacent x
2 1
35. Isec 3x dx = Etan3x+ C
1
36. J' see” (2 + D= > tan(2v +1)+ €
/4 /4
37. J. sec” x dx = (tan x) =1-(-)=2
-r/4 /4
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N

T (@]

Given a number 7, consider an angle of ¢
radians placed in standard position as shown
above. Let P(x, y) be a point on the terminal
side of the angle. Let  be the length of the

segment OP; that is » = \/x* + y*. Then, sint
t, cos t, and tan ¢ are defined as the following

. . x
ratios: sint :Z, cost=—, tant = 2.

r r X

We say that the sine and cosine curves are
periodic with period 27 because their graphs
repeat every 27 units. Therefore

sin(¢+27)=sint and cos(t+27) = cost.

Sin #: As t increases fromt=0to t =—, sint
increases from O to 1. As ¢ increases from

T .
t= > to ¢t = 7, sin ¢t decreases from 1 to 0.

. 3z .
As tincreases from ¢t = 7 to t:T, sin ¢

decreases from 0 to —1. As ¢ increases from

RY/4 ..
t= 7 to ¢ = 27 sin ¢ increases from —1 to 0.

The graph is periodic with period 27, so it
repeats.

. 4
Cos t: As tincreases fromt=0to ¢ = 5, cos
t decreases from 1 to 0. As ¢ increases from

T
t= B to t =, cos t decreases from 0 to —1.

. RY/4
As tincreases from t =7 to ¢t = ER cos t
increases from —1 to 0. As ¢ increases from

4 .
t= 7 to ¢t =2 cos ¢t increases from 0 to 1.

The graph is periodic with period 27, so it
repeats. The graph of cos ¢ is the graph of

sin ¢ shifted % units left.

10.

sin (—t) = —sint; cos (—t) =cost

. V4 .
sm( —tj= COSt; cos(z—t)=smt

NN

sin (t + 272') =sint; cos (t tan™! 27[) = cost

ﬂ=tant

cost

sin®+cos’ =1

sin 2t = 2sintcost

cos 2t = cos  —sin’

cos2t =2cos’ 1 —1

cos2t =1-2sin’ ¢

sin(t+u)=sintcosu+costsinu

sin( —u)zsintcosu—costsinu

cos(t+u)=costcosu —sintsinu
(r—u)

cos(t—u)=costcosu+sintsinu
y
P
(@ 9) ?
|
| r
yl
|
|
| \t
T O
X 0S ¢ 1
cott=—=——,sect=—=——,
y st X cost
r 1
csClt=—=——
y sint

tan® £ +1=sec’ ¢t

d

Lo ()] =[eos(z ()] ()
%[cos (g (t))} = [— sin (g (t)) 2’ (t)
%[tan (g (t))] = [Secz (g (t)):| g’ ()

Copyright © 2018 Pearson Education Inc



10.

11.

sint = 2P —i; cost=—adj' _3
hyp. 5 hyp. 5
tans = 2PP-_ 4
adj. 3

(—.6)* +(.8)* = (hyp.)> = hyp.=1
OPP- _ ¢ adj.

sint=——=.8; cost=——=-.6
hyp. hyp.
a8 4
adj. -—-.6 3

(=.6)* +(=.8)* = (hyp.)* = hyp.=1

sin¢ =%=—.8; cost =&=—.6
hyp. hyp.
adj. -6 3

3% +(—4)? = (hyp.)*; hyp.= 5

sintzﬂz——; ost=ﬂzi
hyp. 5 hyp. 5
tan¢ =&P'= —i
adj. 3

. 1 .
sint = g; (opp.)2 + (adj .)2 = (hyp.)2
1+ (adj.)? = 25; adj. = +v24 = £2J6

adj. _+2J8
hyp. = 5

CoSt =

12.

13.

14.

15.
16.
17.

18.

19.

20.

21.

22,

23.

24.

25.

Chapter 8 Review Exercises 277

2 .
cost = —E; (opp.)2 + (adj .)2 = (hyp.)2

+
(opp_)2 +4 =09;0pp.=*+/5;sin¢ =%

FA Ry
3w in mo_sm
4° 4° 4> 4
negative
positive
Let r be the length of the rafter needed to

support the roof.
2= (15)% +[15(tan 239) " = r ~ 16,3 fi

Let ¢ be the height of the tree.
t = 60(tan 53°) = 79.62 feet

fiH)y=3sint i3sint =3cost
dt
. d .
f(t) =sin3t; Esm 3¢t =(cos3¢)(3) =3cos 3t

F(t) = sin~/t =sins"?

isint”2 = (COS (tm))(ljt‘”z _ cos~/t
dt

2 N
f(t)=cos P
% cost® = (—sin#2)(3t?) = =3¢* sin £°
g(x)= x> sinx
i(x3 sinx) = x> cos x + 3x” sin x
dx
2(x) = sin (—2x) cos 5x

i[sin(—2x) cos 5x]
dx

= sin (—2x) (-sin 5x)(5) + cos(—2x)(-2) cos 5x
=— 5 sin 5x sin (—2x)-2 cos (—2x) cos 5x
= 5 sin S5x sin 2x — 2 cos 5x cos 2x

cos2x
f)=—>7r—
sin3x

i ( cos2x J

dx \ sin3x

_ (=sin2x)(2)sin3x — (cos 2x)(cos 3x)(3)
sin? 3x

3 2sin2xsin3x + 3cos2xcos 3x

sin? 3x
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26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

Chapter 8 The Trigonometric Functions

cosx—1

f(x) = 2

d (cosx—lj= (—sinx)(x3)—3x2(cosx—l)

dx x3 x6

_ —x° sinx —3x? (cosx—1)

x6

7(x) = cos® 4x

%0053 4x = (3cos’ 4x)(—sin 4x)(4)
=—12cos” 4xsin4x

£ (x) = tan® 2x

%taﬁ 2x = 3(tan? 2x)(sec’ 2x)(2)
= 6 tan’ (Zx) sec’ (Zx)

y= tan(x4 + xz)

%tan(x4 + x2) = (sec2 (x4 +x° )) <4x3 + 2x)

= (4x3 +2x) secz(x4 + xz)

y=tane >

4 tan e 2" = (sec’ e > )e 2 (=2)
dx
= —2¢ % sec? (672")
y = sin (tan x)

d .
. sin(tan x) = cos(tan x) sec® x
X

y =tan (sin x)

d . .
T tan(sin x) = sec’ (sin x)cos x
X

y =sinx tan x
d . . 2
—[sin x tan x] = sin xsec” x + cos x tan x
dx
= sin xsec® x +sin x
y=(Inx)cosx
d . 1
—[(In x)cos x] = In x(—sin x) + —cos x
dx X

coSx .
= —(Inx)sinx
X

y=In (sinx)

(cosx) =cotx

d
T n(sin x)

36

37.

38.

39.

40.

41.

42,

43.

y = In(cos x)

d 1 .
—In(cosx) = ——(—sinx) =—tan x
dx cosx
y=e"sin"x

i[e“ sin® x]

dx
= ¢** (4sin’ x)(cos x) + €** (3)sin* x
= 4¢° sin’ xcos x +3¢** sin? x
y =sin* &
d . 4 3x _ 3 3x 3x 3x
Esm e = (4sm e )(cose )(e )(3)
=12¢* (cos e ) (sin3 e )
sint
)=
/0 tan 3¢
d ( sint ) _ costtan3/— (sec? 3¢)(3)sint
dt \ tan 3¢ tan” 3¢
_ costtan 37 —3sinsec’ 3
tan? 3¢
tan 2¢
f@)=
cost
d (tan2t ) _ (sec2 2t)(2)cost — (—sint) tan 2¢
dt\ cost cos’ ¢
_ 2costsec” 2t +sint tan 2t
cos’
f(t) — etal’lt

d
_etant — etant(seCZ l)
dt

f(t)=¢ tant

d 2 2 2 2

E[e tant] =e (sec”t)+¢ tant
= e (sec’ t + tan )

f(t)=sin*t

f'(t)=2sintcost

f7(@) =2[(sin¢)(—sint) + cost cost]
= 2(cos2 ¢ —sin? 1)
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44. y=3sin2¢+ cos 2t b. f”(t)= —cost—sint
" =3(cos 2t)(2) + (—sin 2¢)(2)
= 6cos 2t —2sin 2t 1 (%) =—+/2, so the curve is concave

y” = 6[(—sin 2¢)(2)] - 2(cos 2¢)(2)
=—12sin2¢t —4cos 2t
= —4(3sin 2t + cos 2t)
—4y =—12sin 2t — 4cos 2t
Therefore y” and —4y are equal.

down at t=%. f”(%)=\/§,so the

. St .
curve is concave up at ¢ = o Similarly,

4 .
45. fls, ) = sin s cos 21, gl =cos s cos 2t A (—T) =2, s0 the curve is
s
4
%—f = sin s (—sin 2¢)(2) = -2 sin s sin 2¢ concave down at ¢ = 2 and
t
. oz 0z yad 37 V2 , so the curve is concave
46. z=sin wt; — =1 C0OS wWt; — = w cOS wt 4 ’
ow ot
d up at = 3—”
47. f(s, t) =tsin st; a—f = #(cos st)(t) = t* cos st 4
s

of c. f”(t)z—cost—sint=0:>

== =t(cosst)(s) + (1) sin st = st cos st + sin st ir It x Sr

ot —cost=sint =t=—,—, -

_ _ , 4° 4 4’ 4
48. sin (s +¢)=sinscost+ cos s sin ¢

0 . The inflection points are at 3—”, 01,
Esm(s +1)=cos(s+1) 4

T 4 S
%[sinscost+cosssint] (T’O)’ (_Z’O)’ and (_T’O).

=sins(—sint)+ cosscost

=Cosscost—sinssint
Thus, cos (s + ) = cos s cos ¢ — sin s sin £.
sin ¢
49. y=tant=
cost
. T
T sin %
When t=—,y=—=%=1
cos%
p 2 2 T
slope= y’=sec“t=sec’| —|=2
pe=y (4) 51.

The tangent line is y—1= 2([ —%) .

50. a. f(t)=sint+cost
f'(t)zcost—sint
cost—sint=0= cost =sint =

7 St 3z Ix

t__n T
47 47 47 4
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52. y=2+sin 3¢t

/2
Area under the curve is f (2+sin3¢) dt .
0

/2 1
IO (2+sin3r) dr = {m ~ (cos 3:)(5)}

1 n/2
= [2t ——Cos 3t}
3 0

=n—%(0)—(0—%)

1
==+
3

/2

0

53. The desired area is
27

n 2n n
I sin¢ dt+j (—sint) dt=(—cost)| +cost
0 n 0

=2+2=4

s

54. The desired area is

n/2 3n/2
I cost dt+f (—cost) dt
0 n/2

.2 . \pns2
=smt|g +(—smt)|rE

Ly =1+2=3

55. Itis easy to check that the line y = x is tangent
to the graph of y = sin x at x = 0. From the
graph of y = sin x, it is clear that y = sin x lies
below y =x for x > 0. So the area between
these two curves from x = 0 to x = 7 is given
by

¥

- 2
Area :I (x—sinx) dx = {%+cosx}
0

0
)
= 7+cosn —[0+cos0]

2 7'52

T
= HED [0+ 1]=—--2

y
y=x
34
21
14
} X
™ [
2 .
y=sinx

Exercises 56—58 refer to the function
V(t)=3+0.05sin (160m - %) where ¥(¢) is the

lung volume in liters and # is measured in minutes.

56. a. V(0)=2.95, V(L) =3,
320

V(L) =3.05, V(ij =295
160 80

b. V'(f)=0.05 cos(l60nt - gj (160m)
Setting V’(t) =0 gives
cos(l60nt —%) 0>

7 & 3 5w

16077t ——=—, —, —, ...
2 2 2 2
160zt = 7,2, 37,...=
1 2 3

f=— = = ..
160° 160 160
V" (t) = —8msin (mom - g) (160m)

= 1280 sin (160111 - gj

At t= L, V”(t) <0, so this value of ¢
160
gives a relative maximum, and the
. . 1
maximum lung volume is V(@j =3.05

liters.
, b
57. a. V()= 8ncos(160ﬂ:t —5)

b. Inspiration (in the first cycle) occurs from
1 .
t=0to t= T60" To find the maximum
rate of inspiration, we need to find the

maximum of V’(¢) on | 0, L )
160

(continued on next page)
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(continued) .

62. J.cos(6 —2x)dx = _Esm(6 —2x)+C
V”(t) = —1280m” sin (160nt - gj )
63. J. [x —2cos(m— Zx)] dx

Setting V”(¢) =0 gives 1607t —% =0, n, °

v
1, .
= [—x + sin(7z — Zx)}
om, ... = 160m=§,37“,57”,... 22 Lo
. 3 s =7 to-0="
t=——-, —, ——,... Among these 2 2
320 320 320
T
values, only 1 is within | 0, R . 64. ,[ . (cos3x +2sin 7x)dx
320 160 .
Since V’(¢t) =0 at the end points of the = (% sin3x — %cos 7xJ
-
interval, ¢ = 1 must give the maximum 2 2
320 —0-|-21-lo=1=21|l=0
value of V’(¢) . Thus, the maximum rate 7 7

of air flow is X X
65. J.secz de = 2tan5 +C

vV’ L = 87 liters/min.
320

66. J' 2sec? 2xdx = tan 2x+ C

1
c. The average value of V’(¢) on | 0, —
160 zl4 4
is 67. j (cos x —sin x)dx = (sin x + cos x)|0
0

1 v
I-[o V(t) di V2 2

=—+——(0+1)
160 \/2_ 2
1/160 =2 -1
=160 J' 8ncos(l60m—£) dt
0 2 /4 /2
1/160 68. j sin x dx +j cosx dx
0 /4

= _8sin (160111 - Ej
2

/2
0

=8(1+1) =16 liters/min

V2 V2
58. During one minute, there will be 80 = —5 - -DH+1- - =2-2
inspirations. Each inspiration represents

/4 .
=(—cos x)|g + (sin x)

/4

V(L) CH(0)=3+0.05—(3-0.05)=.1

/2 T
160 69. J. (sin x — cos x)dx +J. sin x dx
/4

liter. Therefore, the minute volume is 0.1(80) a2 i 7

= 8 liters. In Exercise 57(b), we found that the = (—cosx—sin x)|”/4 +(—cos x)‘ P

peak respiratory flow was 8 liters/min. Thus NG "

the first statement is verified. In Exercise =0-1- (__ - _J +[-(=D]-(0) = J2
57(c), we found the mean inspiratory flow to 22

be 16 = 8 - 2 liters/min, verifying the second
statement. 7

VA T
70. J. (0—cos x)dx = —J. cos xdx = —(sin x)|
2 72 7/2

V4

59, j Sin(7 — x)dx = cos(7 — x) + C = [0-(1)]=1

60. J- (3cos3x —2sin2x)dx =sin3x+cos2x+C

/2

/2 1
61. J. cos6xdx = gsin6x =0-0=0
0

0
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282 Chapter 8 The Trigonometric Functions

b
71. Average = ;J. f(@®)dt
b—ala

1 2z . 1
= I 1+sin2¢t ——cos2t dt
2r—0Jdo 3

1 2

=— t—lCOSZt—lsin%
27 2 6 o

LN VS S O S | B
2 2 2

V4

V3
72. Lj (t—cos20)dt =—| L2~ Lsin 2
7—0Jo |2 2

0

72.2
{7—0—(0—0)}

D[N N

[

3z _
400

~ 4 10007 - IOOCOSZ(t —f)
RY/4 4
400

=i[7507r+100—(0—0)] =1000+—
RY/4 RY/4

73. f 1000+20051n2(t—z) dt

37/4

0

0
74. ;J‘ (cost +sint)dt
0- (—72') -7

0

Ip.
—;[smt—cost]%

=~ [0-1-0-(-I)]=-=
T T

75. Substitute tan’ x = sec® x —1.

J.tanzxdx=.|‘(seczx—l)dx= tanx—x+C

76.

77.

78.

79.

80.

Substitute tan’ 3x = sec® 3x —1.

J.tan2 3xdx = J.(secz 3x —1)dx
= %tan 3x—x+C

Substitute 1+ tan? x = sec? x.

I(1+tan2 x)dxzjseczxdxz tanx+C

Substitute 1+ tan? x = sec? x.

_[(2 + tan® x)dx = J.(l +1+tan” x)dx
= I(l +sec? X)dx
=x+tanx+C

Substitute tan’ x = sec” x — 1.

/4 ) /4 2
J. tan xdxzj (sec” x —1)dx
0 0

/4
= (tan x — x)|g

T T
=1-2-(0-0)=1-—
;070 4

2

Substitute tan’ x = sec” x —1.

/4 2
J. (2+2tan” x)dx
0

/4 5

= j [2 +2(sec” x — 1)]dx
0

/4

/4 5
=J' 2sec? xdx=2tany] =2-0=2

0

0
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