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LESSON 36

36.A
angles
greater than
3607

J6.B

sums of
trigonometric
functions

Angles Greater Than 360° « Sums of
Trigonometric Functions « Boat-in-the-River
Problems

In polir coordinates. we melsure positive angles counterclockwise from the positive T avi
aged measre wegative angles clockwine from the poastive 1 axis, Thus, the poitive @ anis is the
initial side of the angle.

Y oehl”

[ Initial side

In the lefi-hard figure. we see thar +307 and <3 1F have the same terminal side, and we say
that these angles are coterminal angles. In she ghi-hard figere, we soo Uiad +220° and =1 40°
are albio coterviinal angles, For many purposes, we can think of cotermingl angles as being the
samme angle but with & dafferent name. Angdes that differ by integer multiples of 3607 are
coderminal angles. Two times arcund countencbeckwise would be 7207, 50 angles that differ
hy T e ofdcrmmnal ;uu'_!n Thres tmes zroand countenclockane woubd be 1080°, so
angles 1has differ by 1080° are also coterminal angles. as anc angles that differ by 14407 for
Fowir eaates aroand counterclockwise, cic

¥ ¥

W' o« 30° = 410 -TAF + (-50°) = -TH"

O thee e, we soe that 307 and 3107 ape coterminal angles bevaose 3107 is once around
fior 3607 alus 5407 more. Onibe night, we see that -5 and —770F are coterminal anghes bécause
TT0" is twace aroard for =7TH0" plus mother <507

Probiems that requirs the addition of trigowometne functions of angles n all quadrnms will
prowide practice that will kead to grester understanding of the values of rigonometns fRctans
and will also give peactice in simpGfying expressions that contain madicalz, The three
expressacas shean here are equivakent exprossons

. i | W2 W3 -

(e ":- - (b} - —j- 3 (15}
.\[.ul.:. ]\.‘-dli'l-! prulrr CXpressIOn ehat o ot lave pedicals inothe desonunscor. Inothiz case, I]'II:':.'
wimyld prefer capressions ibhand (¢l In this Book, we will combine Be parts as i (<) Because
of the o e ithis prvs edue e whes and not because tha form of arswer is neﬁ-sm:l.}' i
desirabic

_
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example 36.1  Cvaloate: cos 135° & pan 330

solufion It is always helpful 1o sbetch the problem and pote the related angles. We also draw the
neference mangles.

HEFEREKCE THIAMNOLES

-
. 135*
-1 1
0~ -
= 2
1
|
The cosine of 45° w1 [VZ, and the cosine is megative in e secom] quadmant
o J35% = —oon 457 = e
T
N2
The tangeat of 307 is 1T, and the tongent is segative in the founh quadrase.
1 A3 = ~tan W =
n
Therelore. we have
oo 1357 & tan AU = —gos 45 tan 30 sybsmitubed
| 1
g = sum of fencliions
E Y3
'\:? 'l,_1
- s abofialieed depommators
L
= f added

oxample 36.2  Evaluate: cos =6} + com 210

SOIMON  First we sketch the problem and note the related angles, We also draw the reference 1angle

¥ ¥
i i

REFEREMCE TRiANCLE

- . = -

Thee cosine of 60F 15 172, nnd the cosing = PosidEve 1\ ilie Toupk .|I.Iil.|:|J'.I.I'II:'

3

cis (=60 = cos A =

The cosine of 30" iy 2, and the codine 15 negative in the third quadmant

w3
=~

cos 2P = —con W' =
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Therefore, we Fave

cos -6 & cox ZI0F = com &° — oos 3P srhstituted
= £ g, . s of functons
¥ -
i -3
= = sdded

exampie 36.3  Evaluae: cos ST0° + sin (-7657)

L (-] 10 by reducing the absofute valpes of 1he angles ; a1 2 nme until we gel an angle
solufion W begin by i g the absol | f 1he angles 36 1 & gl
whoae ensuny (v fess than 360

SN0 - 3ale = 270¢ ThA 160" - 60" = 45°
Now we sketch the angles and note the related angles. We alio draw the reference tmangies

RereRsmcs TraanGLEs

The comane of J0° 15 -._i -, and the cosine negalive in e thurd q_:l.:nJl’a.l.'II:.
s ST = cos INF = =pom JF = -

The sine of 43 i 1 [{3, 2nd the sine is negative in the founh gquadrant

sin (-T657) = sin (- 45%) = —un 45" = —%
Thenefore, we have
con ST = sin (=765 = —cos 307 = sin 45 snibatatuted

UE] 1 a2

= . — sEiEm O TonRcTioans
2 y 4
43 LB

i common denominator

43 -1

mhled]

36.C

bﬂﬂt-lﬂ- W have called F-:whlrnh. wm whach hoatx travel dedtandes with and agansd the cufrent Pisinil - 0=

the-river the-river problems. There 15 2 downstream cquation i which the rate i the sull-water spead
ol the boat p1u\ [-4"5 1.|1¢r..'l of the water ( + WL There iv alss an USIFe AT OpUATiOn i which

problems ; 5 : .
the rate is the stll-water speed of the boat mimas the speed of the water (8 - W),

DeyavssTrEas BoUaTion UrsTrEas Botamion

a) (& + WiT, = Dy (b} i - Wl = D,

_
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e same osighil proocss and -:qaul.i-.'q;.x are aprplwalble in pmhh‘m- 1wy an lrplang Tlaes
directly againsg the wind ased darectly with the swend, a we see il the best example. The setug
of s problem is straighitoewand, ot the wolutiom s a little awkwand unbess a double-vinable
subsbiutiod s tsed

pxample 36,4  One dav Selby Foand than her pline cosild 11y at 5 timies the speed of the wind. She Mew 394
mules downaind in 'h\.'-u sere than i ook her w Ay (32 mules upwiond, What was the speed
of et pliise i still air sl what wies the speed of the winsd !

Snl:'-l'uf-'an Farst we winte the cujpiilmis, We woll use A for the speed of the meplaine o sbill s ask Wt
the :\F-c-:d ol the wind, Sance defance = i mles armd irme 1 an bours, e spegily wall be innukes
jor hasir

Doy Boe Ao Trrwesn Egiration

[E T L Ig:r"“jl i4 “--f‘ -F?‘

Meiovwy we subnlitutc 30 Bor A, 59 and |32 for the dhslarnses, amd T, = Hasp f_l
iy

s W T, o | = 3 (M - WO, 32

Sonl we mulnply, sumplidy, and @=ct
GWT, o+ W ELH T, 142
S, 11 wee have worked a problem Bike this one before, we mede that the mghi-handd eguomon
cak b sarlviee Fon W and this walue el be used for 97, in e Jert-hard equation, Fose we
sslve the night-hand equation Tor WT, -
3k J( = |1} cyualien
W, 11 shivided by 4

Naowy s uine 3N i place of WT,a the belt i exnation and solve

BUITY + 3N = W6 substitufed
195 + IW = 306 miulnplied
W = tbmph solved

W swere given that A equals 50, o
1 = Fh5

A = 33 mph

pmhlern 881 1. Bruce found that his plane could only fly ar 4 fimes the spoed oF the wind He flew 200
35 rrele s dovwaywersd en B hoss maare than i
of the plane i still air and what was the speed of the wind?

sk fin H} '-I'IH::;L_'-.J:i*m.uﬁ What was ihe wpeed

L, l\-;lhl: porcent ol the number of wintes eacoedod the nambser ol 1ods |l:\ 10, Ay, iliree
fifths of the number of bloes was exactly cqual to 3 fies the numbet of reds, How many
wf gawl were theie o Ten peioont of the sun af the s angd Blugs was 93 loss dua the
e Dser o whates?

&, Engo needed o finish with 32, bai ber answer was 2{46, By wle namber should she
have muliiphed her famber to get the answes slie necded

4, Jam traveled momiles @t o mieles per o anad mimyed 3 haowmirs carly, Bhow fas ahwmilil sbie
have raveled i order o amive on fime?

10 e Tempih ol o rechimgle is increassd by 2059 and the width of the saine ievtaagle o
devreisad by 2095, whint is the percent chamge in the area?

6. Fuul the pumber that s 5 of the way from 3 o ds
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