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7.5 Trigonometric Functions: Unit Circle Approach
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Section 7.5 Trigonometric Functions: Unit Circle Approach

&5 20 J5 . 2
5. P: ,—ED a:—,b:_
£33 3 3
5
Sil’]t:Z Csct:i:]_ %+:§
3 R0 €29 2
&30
cos.t——5 sect—L—l 3 g_ixé—%
3 RGO 6d55 J5 o5 5
3p
®0 X5 0
tant_@_ai&%?’ 9_ixé—z—JE COt_g_S B—wﬁga}g—é
Bfs0 €0 &Eo V5 W5 5 B3 £3580 2
3y &30
bS] 0
6 P:gﬁ,z_ﬁ:p a:-ﬁ,b:&
5 5 g 5 5
®5 0
SH']tZZ—‘,3 cst= 1 :1X8i+x£:£
5 BJ50 " &/504J5 2
5 5
J5 1 ® 50 5
cost = -— set= - =1XG —=X —= = -y/5
5 =R VS Ea Y
£5 5
23, = /50
b5 0 2O 50 €5, ®YEO®s o 1
& 52 §5 5€ V5o 859 €5 560 2
g 5% é 5 &

7. Forthepoint (3,-4), x =3 y=-4 r:‘/x2+y2:‘/9+16:\/2_5=5

sinez-%1 cosH = = tan(%):-il

wlon 91w
Nl @

CSC@Z-?1 seco = coto =-

717



Chapter 7 Trigonometric Functions

8.

10.

11.

12.

13.

14.

15.

16.
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Section 7.5 Trigonometric Functions: Unit Circle Approach
cso( 450°) = csc(360°+ 90°)= csc(90°) =1
se0(540°) = sec(360° + 180°) =sec(180°) = -
cot(390°) = cot(180°+180°+ 30°) = cot (30°) = v/3
sec( 420°) = sec(360°+ 6 0°)=sec(60°) = 2
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tan(-30°)=-tar(30°):-§ 32 sin(-135°9:-sin(135°):-§
sec(- 60°) = sec(60°) =2 34. cso(-30°) =-csc(309) =-2
sin(-90°¥ -sin(90°) = -1 36. cos(- 270°¥cog(270°) =0
(5 $] pO ) .
tang 7= - tang— = -1 38. sin(-p)=-sin(p) =0

719



Chapter 7 Trigonometric Functions

41.

45,

47.

48.

49.

50.

51,

52.

53.

55.

56.

®epd B0 Jo ®@pb 0 |3

- % 28 P 2 40. SE 3 I&3p T

_@3pd . apd

tan(- p) = - tan(p) =0 42. sing o= -singDoc (-3 =1
&no 0

csog B= - csogls= - V2 44, seo(- p)=sec(p)= -1
o ZP0 PO 243 2pb_ 0_ 243
K 65 %6 3 46. S 35 SG3p T3

sin(- p) +cos(5p) = -sin(p) +cos(p +4p) =0+cos(p) = - 1

®e5po  Fpo_ . Bpo - 6@9
tang— 5 z COtg 2!-2,— tangg. COt8—+2p = tang— cot
_ LB
=-3-0=7%

& po o]
sec(- p) +oscg- ggzsec(p)- csc?ggz-l- 1=-2

9po_ B onls &O_
an(- 6p) + cosg—==- tan(0 +6p) + cosg> + 2p:=- tan(0) + cog=== 0+
G0 Eeopd_  %Bpl ®po_ gp0
r54r'aang4_ng_mg n844zang44e
=_-g —|- arg J—
co%ael7p0 rgesg(;—cosg—ﬂ swg—*-co%—+2>Qp+ smgh—
PO, Bpd_V2 V2
= cosc— D=">-1
CO%4 Zﬂ 2 +tD

The domain of the sine function is the set of all real numbers.

The domain of the cosine function isthe set of all real numbers.
f(0) =tan6 isnot defined for numbers that are odd multiples of % .

f(0) = cotO isnot defined for numbers that are multiplesof p .
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Section 7.5 Trigonometric Functions: Unit Circle Approach

f(0) =secO isnot defined for numbers that are odd multiples of %

f(0) = cscO isnot defined for numbers that are multiplesof p .

The range of the sine function is the set of all real numbers between —1 and 1, inclusive.
The range of the cosine function isthe set of all real numbers between —1 and 1, inclusive.
The range of the tangent function is the set of all real numbers.

The range of the cotangent function is the set of al real numbers.

The range of the secant function isthe set of all real number greater than or equal to 1 and
all real numbers|lessthan or equal to —1.

The range of the cosecant function is the set of all real number greater than or equal to 1
and all real numbers less than or equal to —1.

The sine function is odd because sin(- 8) = - sinf . Itsgraph is symmetric to the origin.
The cosine function is even because cos(- ) = cosB . Itsgraph is symmetric to the y-axis.

The tangent function is odd because tan(- 6) = - tan6 . Itsgraph is symmetric to the
origin.

The cotangent function is odd because cot(- 6) = - cot6 . Itsgraph is symmetric to the
origin.

The secant function is even because sec(- 6) = sec6 . Itsgraph is symmetric to the y-axis.

The cosecant function is odd because csc(- 6) = - ¢scO. Itsgraph is symmetric to the
origin.

If sn6 =0.3, then sing+p)=-0.3
If cos® =0.2, then cos(+p) =-0.2
If tart® =3 then ta(+ p) =3

If cob =-2, then cof(+p =-2
_ _ 1

@ f(a)=-f@)=-3
(b) f(a)+f(a+2p)+ f(a+tdp)="f(a)+f(a)+f(a)
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(@ fta)=f@=7
(b) f(a)+f(a+2p)+ f(a- 2p) = (@) + f(a)+ f(a) =
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1
17777713
@ f(-a)=-f@=-2
by f(@+f(atp)+f(@a+tp)=f(a+f(ay+f(a)=2+2+2=6

@ f(-a)=-f(@=-(-3=3
(b) f(@+f(a+tp)+f(a+ap)="f(a+f(a)+f(a)=-3+(-3)+(-3)=-9

@ fta=f@=-4
(b) f(@+f(a+t2p)+ fatdp)=f(@)+f@+f(@=(-4)+(-4)+(-4)=-12

@ f(a)=-f(a=-2
(b) f(@+f(a+2p)+ f(a+4p)=f(@)+f(a)+f(a)=2+2+2=6

Let P =(X, y) bethe point on the unit circle that correspondsto an angle 6 .

Y = a. Then y=ax. Now X’ +y* =1 so x*+a’x’ =1.

Consider the equation tan = & =

1 a . . )
Thus, X =+ —— and y = +———; that is, for any real number a, thereis apoint
Jl+ a’ y Jl+ a’ y P

P = (X, y) ontheunit circle for which tan6 =a. Inother words, - ¥ <tan6 <+¥, and
the range of the tangent function is the set of all real numbers.

Let P =(X, y) bethe point on the unit circle that corresponds to an angle 6 .

Consider the equation coto = § —a. Then x=ay. Now X’ +y* =1 so a%’ +y* =1.

1 a
Thus, y =+ —=—= andX = t ——=
Y J+a Ji+a?
P =(x, y) onthe unit circle for which cot6 =a. Inother words, - ¥ <cot6 <+¥, and
the range of the tangent function is the set of all real numbers.

; that is, for any real number a, thereis a point

Suppose thereisanumber p, 0 < p< 2p, for whichsin(6 + p) =sin6 foral 6. If
0 =0, thensin(0 + p) =sinp =sin0 = 0; sothat p=p. 10 :g,then

B, O PO _ p. Thus, SineeR o= 1= SraPo=1, or - 1=1. 1pic.

sing + pz=sing==. But pP=p. SN 5 oy ™ - Thisis

impossible. The smallest positive number p for which sin(6 + p) =sin6 for al6 is
therefore p = 2p.

Suppose thereisanumber p, 0 < p < 2p, for which cos(6 + p) = coso for al 6. If

G:E thencan+ pgzco%gzosothatp: p. If 6 =0th s(0+ ): 0. But
>’ %2 P Séaﬂ : then co p)=cos0. Bu
p=p. Thus, codp)=-1=cod0) =1, or -1=1. Thisisimpossible. The smallest positive

number p for which cos(6 + p) = cosb for al6 istherefore p = 2p.
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1 .
secO Sosp - Since cosO has period P, so does se@.
csch = sno- since st has period 2p, so does csd .

If P =(a,b) isthe point on the unit circle corresponding to 6 , then Q = (- a,- b) isthe
point on the unit circle corresponding to 6 + p.

If P =(a,b) isthe point on the unit circle corresponding to 6 , then Q = (- a,- b) isthe
point on the unit circle corresponding to 6 + p.

Thus, cot(6 + p) = :—% = % = cot0 ; that is, the period of the cotangent functionisp.

+_SnB-0 _snO _
Slope of L* = 550 -0 -~ Cos0 - tano

Since L is parale to L*, then the lope of L =tan® .
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