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Measures of Angles Uil guld
Sl 5,15 o qugdd 438 10 Gl Ll 5a oS () Dyl O jas
A s e 17360

ol LA e 1/60 = (") sl dilar )] e 160 = (') LGl
31U 3 Gyl 0 (il SOl g it Ly e 13600
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Example 1.1 '1.1 JL’“

(@) 62.4° =62° + 0.4 (60") = 62°24’



(b) 23.9°=23°+0.9 (60") = 23°54’

(c) 29.23°=29°+0.23 (60") =29°13.8" = 29°13" + 0.8 (60")
= 29°1348"

(d) 37.47° =37° + 0.47 (60") = 37°28.2" = 37°28’ + 0.2 (60")
= 37°2812"

(€) 7817 =78 + 17°/60 = 78.3° (5,2 o3 ) ityhe)

(f) 58°22°16" = 58° + 22°/60 + 16°/3600 = 58.37° (g% »;> ) 4,0)

inga w3 iy S I gl am sl O my (rad) (g 0y 0
A-3 s il Gl Caas (gab B 300 g0 e

1-3 JS&

LS 0 i alie 8,100 Lk Civas o r OF s 2272 6 S Laoous
SUA .360° Wa,luds
57° 17'45.= 57.286° = 180°x = (g 51) 1
rad. 0.107453 g 5l> W180= (i»;3) 1
. n=3.14159 : Ol o
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Example 12 (a) 7/12 mrad = (T/12)(180%7) = 105° 1.2 Jlke

g Ol 3 ) 65 e gl
(b) 50° = 50(n/180) rad = (57 /18) rad

NI P | I RICICH PR PV |

Arc Length weddl Jelo
LSJJLL“ JJ-LE-J‘_! ) LAJ‘.LEA d_i;,o 4.3.3‘)_3 14 LDJ.LD —a '5)5‘) Uj

10 &35 el Gl 3L sdsadl s uedll Job O 1-4 S sradians
s=rf

:of L;i

xS g = gl Jsb

SAN paadl 48 a0l &

1-4 JSG
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L3S 0 iyl dog 30 W ki Ciai 3 810 ) Jgb (a) 1.3 JWbe
Len S50 13 Wi

Example 1.3  (a) On a circle of radius 30 in, the length of the arc
intercepted by a central angle of 1/3 rad is:

s=r8=30(1/3)=10in
1gp S0°

(b) On the same circle, a central angle of 50°
intercepts an arc of length:

s = r@=30(57/18) = 25/3 in

Surgll Byl ulgd¥f gkl
Lengths of Arcs on a Unit-Circle

o a5 G badly Ladsd) slae Y s Jo i JI Ll g S

|
I
-1
(1.0)
0
. —1
(a) -2
1-5 JS&
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Area of a Sector ¢ladll 4>l
05y S N g Lyaliy 1 Lon b i 5,300 K Ukail) L
ot S Azl

K=1%re

= 5l g Uadll i la 20 (6
LA il Gl Gl x SN e X 881 L s x 'y

8394 mey (18 cm La ki Ciouai 55000 ¢ Ui} imls dom gl 14 Ja
50° Ui &35 0 ol
Example 1.4  For a circle of radius 18 cm, the area of a sector

intercepted by a central angle of 50° is

K=" r?8=": (18)* 50/18 =45 n cm? or 141 cm? (U, %)
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Angular Velocity Ao gl )l s pdt
(ol 5 WO ,21) @ bl d oty v didasdl el oy &kl
L T ok Chai e

vV=rw
S99 o)l B o) ity 311 aEdl @ el Bamy OF S
A Ay Blas 5a>-y 2 v WS

dally el iy s agd @ v

ol 8y ki bagd v g7 sl
(aasdl) 4 ghalt

ie b damgl Lielud Jon 15 depy jdowin b lp> 15 JUs
Lo g 20 5yl b OIS 15) (dido/dd) dxlyal) Gl

Example 1.5 A bicycle with 20-in wheels is traveling down a road
at 15 mi/h. Find the angular velocity of the wheel in revolutions per
minute.

o pthadl Lol 4o dly Wl gy 10 92 dl)ull 5)b ki Ciial
el Jo 15 Llsdl ol go comy LI Lids/lilll soay
.in/min ma/wy >3 J)

v =15 mi/h
= (15/1)(mi/h)-(5280/1)(ft/mi)-(12/1)(in/ft)-(1/60)(h/min)
= 15,840 in/min

@ = v/r = (15,840/10)(rad/min) = 1584 rad/min

-15 -



i Al S W om B o B sas S 0 b g
.(r/rad) & ko

@ = 1584 rad/min = (1584/1)(rad/min)-(1/2x)(r/rad)
= (792/r)(r/min) or 252 r/min

Lo ki i 5,5 e 5L Loy W1 01 ety 11 4 dows Wlis
Jlas 36° Lajhiia &gl e i) (131 dadh damsl . oo 3960
AP [T

Solved Problem 1.1 Assuming the Earth to be a sphere of radius 3960
mi, find the distance of a point 36°N latitude from the equator.

:Jed!
36° = 'S rad, s = r = 3960(7/5) = 2488 mi.

BLally oty Jyb bs Lo Olais Ot 4o 12 1 ylows Ulns
Sl 331 am sl L e 270 L

Solved Problem 1.2 Two cities 270 mi apart lie on the same meridian.
Find their difference in latitude.
:Jod!

rad or 3°54.4'

-~ 16 -
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Angles in Standard Position Wig)l bl gyl
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9l | First-Quadrant Angle JsY! tg,” Lalp Lol e

o e Al ) Wl 06y e JoW M G ais A
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Trigonometric Functions of a General Angle
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sin 8 = l/csc © tan 0 = 1/cot O sec 0= 1/cos 0
cos O =1/sec © cot @ = 1/tan O csc 8 = 1/sin @
c..oj_l.u Ot sd>g dly r.l:n.....u B D] odn HJ)LE.O o C"j JSJJ

03 5, W B e 28T Jlaaa Yl dasls 045y L2laadl Jlg
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=P il b Sy
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s P(x, y) cos § sin §
0 (1,0) 1 ' 0.
/2 0, 1) 0 1
™ (-1,0) -1 0
3nl2 0, -1) 0 -1
Circular Functions A pldl Jguldl

cos 5, sin 5 duliadl gl o - 9j s g J b J
g sl s «coss 3 S5 gl Je
) :i,_;l.dl IV iy (s,cos5) DIL 059
ssins oo JS Ol 30 iU ay iyl ples
oz i S DN ey (5, sins) DAY O a9 i Slde

cos 5,sins o JS ol o L A el gas Jlgtdl odny .45l )
i gl 550 olitas] a
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t sins forsz & +k sde k Of e

an s = Of S # — + kR oo 2
cos § 2
Cos § -t

cots = — for s # km femee 24 kOl o
sins

sec s = : fors# u +kr Ca-..oa.u-koi\:...’
cos s 2 d )
: for s #k sde k of &

cSC s = = OF S £ KT purw s
sins

dad OS5y ol a0 dutliadl Jlgad) OS5 Lo 8 00 g 3101 JHsl) 045

Ao b dalzadl Sl adie OS5 ) degil] § bl 1) Jlaes
Latlaadl Jgadl o jeed O G 51 8 (520,000 (g0 ol s

Leiizd! 31N 4 St Jaudly & k8 Caadl Gla
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Solved Problem 2.1 Using a rectangular coordinate system, locate the
following points and find the value of r for each: A(1, 2); B(-3, 4);

C(-3,-3 \/37 ). D(4, ~5) as shown in Figure 2-9.

‘Y
B(-3,4)
—i X
~3./3 s
D4, - 5)
c(-3, -3./9)
2.9 JS&
:Jd!
ForA: r= J12+y2 =Jl+4=J§ AM&.‘JLT .Lo...”
For B.r= yxi+y? ={0416=5 B ihid Ll r aall
For C:r= y¥2+y? =9+27=6 C ik} il r dal

ForD:r= Jx2+y2 =416+25 =441 D i) ddly r saldl

W Ll o JS) ulail) p gl o I ey 22 A glona Vs
(385° =15° (210° 1125° Lalazall Lylg il oo IS dor gl e J1 0
2710 JS&) misgn o LaS -870° (-955° ~370° (930°
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Solved Problem 2.2 Construct the following angles in standard posi-
tion and determine those which are coterminal: 125°, 210°, ~150°, 385°,
930°, -370°, -955°, and -870°, as shown in Figure 2-10.

I\
210°
5 X
) )Y
o 3857%
X K —t X
; q:—m"
Y Y
930° —370°
) ¢ X
Y Y
-953° —-870°
X b '¢
2-10 JS&

548 sl o 5 Gglhall Lig g 2710 S o
101 e —955° & obl dgyllas 125° ol 101 dou o !
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125° = —955° + 3. 360° .5 5| 5,9y 9} ~955°=125-3 , 360°
0f e ilaze Loylpy o» 870° (930° (=150° 1210° Lylyjils
—870° = 210° — 3.360° 5 930°=210°+2. 360° ;-150°=210°—- 1, 360°
= sy 385° Js Yl gl Ala OF o 2710 JSa g
S LI e Qi Y Olgly Lang -370° 2y il 3 )
W oYl e IS 3 0 dsls a5 ) s g 2:3 D s Ds
Pl o 05y Lasie (8) S g g}l o 056 Loie (@)
095 Loz (@) SR iyl it b 048 Lawze (o) SUWIL &l
?\.:a.-y & 3 CLLB

Solved Problem 2-3 In what quadrants may @ terminate, if: (a) sin 6 is
positive?; (b) cos @ is negative?; (c) tan 8 is negative?; (d) sec 8 is pos-

itive?

Jedt
¥ iy dmgn ¥ dad O dirgo sin 0 duttal) 2l O Lo @
o 1B Ll OB y Lad oy rge ol WL L] 0SS

SPCRRUPY [P

Y icaiy &l x icawd Ol (@l cos 0 Liktadl i) OF Com (B)
) P a5 Lol Ol x dad cmmy g0 of L Lo} 0SS
ROV IC]

dagdy Wl O4S5 x dagd OP AL tan 6 dlzad) L) OF Eom (0)
Wl y dady o gn 035 1 iads OF s oSl 5l drgo y
2 g ol S S s gl O

g e gn 053 x o Off Ar g s00 8 Lkl ) O 2o (@)
2 gt sl Jg Y d1 8 aar G gl O G sall x
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¢ sl DYy A gl Ll () iy Sy A
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_ opposite side Jadt 4

sin = hypotenuse . c

adjacent side  L\idl  p

COSA = h f— = -

ypotenuse sobadl €

opposite side i o a

tan A = adjacent side = 2 s
29\adl

adjacent side sobmadl B

COtA = —— = = -

opposile side Syl a

hypotenuse gel=adl

secA = adjacent side ~ J.,U.dl Y

hypotenuse #4l c

cscA= opposite side Jilaadl =7

kA Ua) gl pld AL 3o

Trigonometric Functions of Complementary Angles
Ol e Lalma Loylyj g ABC dpgl}h U1 cdaald sslod) L !
101 dawi 3-1 S5 ey A + B=90°

sinB=>blc=cos A cosB=alc=sinA
tan B = bla = cot A cotB=a/b=tan A
sec B=cla=cscA cscB=c/lb=secA
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s i ezl = tliadl Jlgd e 1o BN 0 Jrass
csc plad! abliy sec eb\ls ccot plad] Jbs tan Jhll ccos plad]
(S0 DIl Gl a3 DI ey Vgl o 5T e Bl ST

ol oda pladd G edt DI (golus ol gl Wls T O Ul

ABC iy g1 o3\ edzadl lgj) dtlzd) Jhgl) o3 dxol 3.1 Jlte
3-3 s c..ay)l

Example 3.1 Find the values of the trigonometric functions of the
angles of the right triangle ABC in Figure 3-3.

B
¢=109 a = 60
4 b=l c
3.3 JS&
. opposite side Jelio)! a 60
sin A = hypotenuse S ST 109
adjacent side  js\=aJl P 9]
cos A = = = T =T
hypotenuse FRl c 109
opposite side  })\aal} a 60
tan A = adjacent side = JY{PAT “ b 91
adjacent side  jy=a)l B 9]
COtA = S e— = =

opposite side PR a 60



hypotenuse Sl c 109
SeCA = —7 = =T = a5
adjacent side aloall b 1
hypotenuse T ¢ 109
csc A = opposite side J_,L;Al a2 60
opposite side Ll p 9
sin B = TR T )
hypotenuse S ¢ 109
adjacent side  g\>all a 60
cos B = = T
hypotenuse S c 109
opposite side Ll p 9]
tan B = adjacent side N JYIeoN] = :z- = 60
adjacent side  ,s\=ad\ 4 60
cot B = opposite side el T
hypotenuse 53 c 109
sec B = adjacent side ~ ol = 7~ 60
hypotenuse Y c 109
cscB = it cide - =T S ——
opposite side bt b 91

60°9 45°,30° ‘helidl Lighd Adll Jigu

Trigonometric Functions of 30°, 45° and 60°
60° 445° «30° oLl saladl Llg 0 dalzall | Ol uga.-
umgf&l\@&his;.hwﬁ de walie LS JSg a0l By
Jodadly o ge ga S o 2de

sin 6 cos 0 tan @ cotf sec 6 csc 6
30° 1 I MI|I V3| VI W3 2
45° VI W2 o 1 Vi | V2
60° VI ViIiwvil 2 [ 3
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Trigonometric Function Values dutlit! Jigulf Al
diliadl ol ] ol dthsal! Jlodl Pluad s Clinday b
) o] Sy g medt dolid! Lot oy Yis e Ly
of dtleall el J gl plaseialy iy glhaad) g1 adg) il
il | Jgadl o o 5 pandly iwlond] DN plasead,

e ey I L jhe

sin @ cos 8 tan @ cot @ sec B csc 6

15° 026 | 097 | 027 | 373 | 1.04 | 3586
20° 034 | 094 | 036 | 275 | 106 | 292
30° 050 | 087 | 058 | 173 | 1.15 | 200
40° 064 | 077 | 084 | 1.19 | 131 | 156
45° 071 { 071 | 100 | 1.00 | 141 | 141
50° 077 | 064 | 119 | 084 | 156 | 131
60° 087 | 050 | 1.73 | 058 | 200 | LIS
70° 094 | 034 | 275 | 036 | 292 | 1.06
75° 097 | 026 | 373 | 027 | 386 | 104

a8 Ll oy alzalt Sl o Sl Y Lulodl DY plisaal wie
sl e Logary DT iy sy pall olacladl g Lsl s
9» degree mode d>-,J] ‘-Uas 8] o a5 Ly e (1) LY ol ghsd
Lglhad) Ll s s Josmal 2 ddTY pasued) LI
ol 3 G glhadl Laliadl o) - lie Jo bl (3) cdnlsd)

ool 8L Lo & llaadl D1 L 131 (@)

tan 15° Ltkiad) L)) dor gl sl DY) phasuanly 32 Jle

Example 3.2: Find tan 15° using a calculator.
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s el D oL suey Ltan 15°=0267949 O LIy dslal
ObL- L e a5 Y
JI3a3l in glaoy B3Lsdl 4ol 11 e sl Y bl p sy
(inv)key  —uSall CL.“.&A.H r\..bu_..ab Wiy .4 glhaadl § of U dilzall
sy ) e JUss) vy .(20) key W) DVY & ko
D ke Laidss o emaalondy 3 g gad) (inV)key ouSad) - Lidal!

il Olbes el ZILEY 290
Accuracy of Results Using Approximations

Joadl 1 3y sl oy & oy o 280 sl Y plaseal we
REPRUR BT W (1 P PR Sty | gt Y R W PYL RO O
i il gaad ) Jilead) am gl Jati odiey .Jsb
iad JS9 il o B Ldany 0585 0 Sl L ol |
S Ll e sily B J3W o 05 OF oy g
Gglhaad| B 5,80 Jais ¥ @ Las JS OB My pllaed
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Selecting the Function in Problem Solving

Logl P @Sl cdial ¢ 3ol 0w Slom ) e
plase il oSy e 2l o gl s dunghaes
e s Cdidl o Lakiadl Jisdl (po s o
St comy DL > diey L ghing Do o0
GO S L) o gl il 0S4 o i) D1
ol oldes plisid Ll RR A L T KT
Igadh O dlod) phasernd sy i ed) Oles s ol
G gl Jby dgl plas o gl o b Bl
lalodl B liay dltan Lalzall Jlgdl oda O

A plise oy dadl 546 o 20 12y e e e 33 Jle
2 LaS 2y BV (g gredl wa 15° Wajlads L3l aremy o
AL b gl .34 S e s

Example 3.3 A support wire is anchored 12 m up from the base of a

flagpole and the wire makes a 15° angle with the ground, as shown in
Figure 3-4. How long is the wire?

12m

15°

34 S5
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PN tl.}a.\l Jebsy ;0 12 r_,.\.la.” tL.‘aJl Jsb Jeis csc15° sin 15°
plasaaly ALl fod il e ol phasccnd (Sass ox ool
gl o 3 olaladl plisanl o Jgul ozl QLo Jglar
Jodi Lol M dahiad! IS o oS 9 cesc 15° plusunly Jiluadl o
plisuid ey cosecant plasdl AbUS ol secant pblall lsall o)
g ¥ Y sin 15° Gl cand Gtltad) D11 posns Ll

.4 9} ;1) cosecant r\.u]‘ clpl.s Jooy D1l CL':.E.o

e r|.L-.n....-\.| J.n.”
$4dadl Jamdt Sl
Manual Solution Calculator Solution
cse 15° = — or sin 15° = 12 sin 15° = 12
12 X X
- 0 _ 12 _ 12
x=12csc 15 X = _Sil'l 15° X = s 15°
12 12
= 8 X = =
x = 12(3.86) 0.26 ¥ = 0258819
x = 4632 x=46.15 x = 46.3644
x=46m x=46m x=46m

20 46 ga gllaadl SN U gb

A PEN (PRIV]y (RFTY)

Angles of Depression and Elevation
Sgimsy W (G adl 5 geamead) Dol IV a poliss W Gyl
iy gmameall Lyl o g Ly Y1 dpalis L Bugd) g Jind J) k!
gl g Jel I il ggrmes Y1 (5 grmal)
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Oldas Lang 39 (g grmal) Lol dalia alisaVly pLiy ¥ iy
Olzgly Lagd LIy 4B abLdll o cpunilises g B3 Ol gas
.a=[)'oi Lsi soly glaza

3.5 JS&

U1 Edaald 53! L) Gttt Jlpdl ol 30 3 gl Wlees
b=24 ks Jlsbl iagluny 36 JS2y mge g2 LS ABC &yl!

=253

Solved Problem 3,1 Find the trigonometric functions of the acute
angles of the right triangle ABC, Figure 3-6, given b = 24 and ¢ = 25.

29
‘/_]"7
A C

bm4

3-6 JS&
) gt &l ook 1 2!

a=ct-b= (257 - (4)1=49,a=7

o A Qs Ztlaadl Jlgal)



opposite side Jadl g 7

sin A = hypotenuse = _f;”_ RPN T
adjacent side sl b 24
COsA = h = . = -z —
ypotenuse Sdl C 25
opposite side Jldt g 7
tan A = 2 facent side = 3lnall “b " 24
adjacent side wadl 5 24
cotd = opposite side — m =7 -7
hypotenuse 7 o)
sec A = - . = "J’! = f— = 2_5
adjacent side soladl B 24
hypotenuse 5 ol 2
CSCA = . . = i = i = i
opposite side JEPATI” 7
‘B 4l Jaelbg
sin B = 24/25 cos B =7/25 tan B = 24/7
¢sc B=125/24 sec B = 25/7 cot B=17/24

pA5 120 Iy b g 35 100 L) g 620 32 U gles Plos
orntl) gLyl gy gl 377 Sy mnge g2 LS

Solved Problem 3.2 A tree 100 ft tall casts a shadow 120 ft long, as
shown in Figure 3-7. Find the angle of elevation of the sun.

B
100
A 120 C
37 JSé
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A G glj oo | wallaadly AC= 120t (CB=100ft 3-7 |3l oye @ Joud!

cB 100
= e——= =) 83
tan A T Do 0.8

A =40°

il ol i e 520 120 4} Hb dad e 33 W ghoes Dlis
LBl dny oS 38 IS g WS 15° a oyl plisidl gl

Solved Problem 3.3 From the top of a lighthouse, 120 m above the
sea, the angle of depression of a boat is 15°, as shown in Figure 3-8.
How far is the boat from the lighthouse?

3.8 JS&

A=157 3-8 JS2 mogedl gl WS Cdiadl g glandl ope - o
WIS Jodl gl O (CB=120m
cotA=AC/CB

AC=CBcot A= 120cot 15° = 120(3.73) =447.6 m

Ol e e 447.6 O day
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Solved Problem 3.4 A tower standing on level ground is due north of
point A and due west of point B, a distance ¢ ft from A. If the angles of
elevation of the top of the tower as measured from A and B are ¢ and J3,
respectively, find the height & of the tower, as shown in Figure 3-9.

ol gl Ayl

3.9 454

39 JSay oo ga LS ACD Lyl LB el 5 1 Jod!
=29 .cot § = BC/h .BCD i_sl;ll ‘.Jl_.iﬂ\ cdzall g cot a=AC/H
BC=hcotf y AC=hcota Of Jow urtliad| s Yall
s22353Us (A0 +(BOY = 101 daws ABC &gl (S eldial) oy
AC, BC i ;¢

R (cot o) + hicot B> =c* = h*((cot @)® + (cot B)*) = c*

h=
J(cot a)’ +(cot B)*
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3lS 1345 5310 dagn o plily il 555 o5 35 & glows Uls
d=2rsin (180%n) &5 S slane oo cpuimad (655 50 oy dBlall
o Lejsall wlowdl sus oo n @511 8 Ciai ga 7 OF Cum
n=4 3 r=20in OsS5 Ldkie d Blusdl drsl 551001 Laous
Solved Problem 3.5 If holes are to be spaced regularly on a circle,
show that the distance d between the centers of two successive holes is

given by d = 2r sin (180°/n), where r = the radius of the circle and n =
the number of holes. Find d when r =20 in and n = 4.

A

L)

AN

3.10 JS&

il 1S 0 Len B g A Ol 5,45 310 S b ge g WS 2 o)
OF yo sy .0 oS ay r La ki Cilaai 5,815 Jaous ey izal]
ade 639059 AB 5} Civayy AOB cJial) O Ll 31 dpgl5 Cduats

.C b gl 56 A0C edad) OF

sin ZA0c= 4€_2/2_ 4
r r 2r
o 3 b T
d = 2rsin ZAOC

= 2r sin ;- ZAOB
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p [ 360°
= 2r sin AL

180°
n

= 2r sin

r=20andn=4.d=2-2osin45°=2-2o(~5/2) = 202
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Exaniple 4.1 An airplane is traveling N40°E at 200 mi/h. Its velocity is
represented by the vector AB in Figure 4-3.

N

4-3 &

ot by SU W 3 il Jon 12 6 oun s o )6 42 J0
A4 J S8 e pily 9o LS Aol Joo 4 4 s W G5 de e g0
ey g olin ety AB azally S} i pu J2ay CD il
SN Sl AB asuall OB Sy LS sl 5 )Ll de

.CD 4=zl Jliaf

Example 4.2 A motor boat having the speed 12 mi/h in still water is
headed directly across a river whose current is 4 mi/h. In Figure 4-4, the
vector CD represents the velocity of the current and the vector AB rep-
resents, to the same scale, the velocity of the boat in still water. Thus,
vector AB is three times as long as vector CD.

12 mi

9]

4 mi/h

et e—

i~

4-4 JS&
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Joors 201b Layldio 545 Jtay AB anall 45 S 3 4.3 Jlte
CD wonzadly ol jgouad cor gall oW ps 35° Lnjlotis iyl
or gl ol 3l e 150° Wajlide Doty Juars 3016 Lajlide 548 Jiny
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Example 4.3 In Figure 4-5, vector AB represents a force of 20 1b mak-
ing an angle of 35° with the positive direction on the x axis and vector

CD represents a force of 30 Ib at 150° with the positive direction on the
x axis. Both vectors are drawn to the same scale.

D
Jp
/6 150°
C X
4-5 JS&

i i s plecta Olgmiad O 15 Ol slose gamsadl O JUi
.o\.‘gJYb

Vector Addition gl A
Olgall r Lo gormad Lol pen! 31 Resultant i_Loasal!
Sgraall s ams 50 ks oS gimnadl s 5 305 0
N TRIRVIVYIFUR RERTE AW |
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Components of a Vector dxadl QLS p

s el (6 g adll bl a L gl Lo 06 aid) 450
igraall Lhow Llas S U 5yin 0355 b WG ay L sl
copelane ol B

Fi = Focos 30° © »4-8 |S& 3 F igil LYl LS ) 4.4 Jlke
faomall oa F Ol L= os F, = F sin 30° Ll ) 45 0l
F, 9 Fy i o8l dlamad (gl
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Example 4.4 [n Figure 4-8, the force F has horizontal component F, =
F cos 30° and vertical component F, = F sin 30°. Note that F is the vec-
tor sum or resultant of F, and F,.

Air Navigation dagaull A
0 olas ¥l su_sw) 53U Ol olomil ga Heading (531331 oloni Yl
i Ll ooylis Olyes olast 3 ool ol ¥ by (Do gl 513
Ole odt s 3don s @3 Ol W s Jledl e
ol ¥l 4 Course 5 sLLI| JL_ng .S LI plogd) 35 s de
Obs olawl o8 Hladl by o) W dwady 5 W &S 0 o
Jedd) e el O)lis

55Ukl e, » Ground Speed 5,5l Ll &o, Y1 Ll o )
(2o N L,

O (cr gadl) 3,381 Y (c-’“ & of3) Drift Angle 3Los¥l 4 sl;
ladly ol oo
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wind angle
oAl e
wind specd
course |
0 B
S8\ 71 s Y

heading

Sol ol | g £ NOA

SLI el gl iU s = 0A

A dbi IV e adsd) Jlezd) b ga AN
lae Oly90 ool 3 Lulde c}“ Laly) » LNAW
Szl b st g dell)

- slad! oot Z NOB

ity Y il ie 1 = 0B
Al 44ly LAOB

In Figure 4-9: ON is the true north line through O
ZNOA is the heading
OA = the airspeed
AN is the true north line through A
ZNAW is the wind angle, measured clockwise from
the north line
AB = the windspeed
ZNOB is the course
OB= the groundspeed
ZAOB is the drift angle
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4-10 JS8 il W 059 amie WS 0 2 F, 9 Fy OB S

11.2° Gl oay o Sgtams o ity 5001 @39 oo 4.5 Jlte
Y35 ot Joo ol il a3 3 Al B Y g rmall e
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(I Y1 Jlen)
Example 4.5 A 500-1b barrel rests on an 11.2° inclined plane. What is
the minimum force (ignoring friction) needed to keep the barrel from

rolling down the incline and what is the force the barrel exerts against
the surface of the inclined plane? (See Figure 4-11.)

4-11 JS&

F, = 500 sin 11.2° = 500(0.1942) = 97.1 Ib

F, =500 cos 11.2° = 500(0.9810) = 491 Ib

=31 Y e Jea,dl el i3 g 8T O guias il oy
4911b ga (gyiuall (g3ganll Jaidl 3)3 97110 & Jisl
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.4-12J.§..L'

Solved Problem 4.1 A telegraph pole is kept vertical by a guy wire
which makes an angle of 25° with the pole and which exerts a pull of F
=300 Ib on the top. Find the horizontal and vertical components F, and
F, of the pull F. See Figure 4-12.

| S

4-12 JS&
F, = 300 sin 25° = 300(0.4226) = 127 Ib

F, = 300 cos 25° = 300(0.9063) = 272 Ib

B e oy o il Bl oy o 42 4 gl Dlews
5e—i) L V) LS edl dx gl (a) .1001b \nylddn 54d U3 27° iyl
il S 13) Ly gllaadt 2l 548 Aol (B) Ldemaed I LS ud0y a2l
T o)W grms 3 100D a igall L3 Y1 LS Ll
Solved Problem 4.2 A man pulls a rope attached to a sled with a force
of 100 Ib. The rope makes an angle of 27° with the ground. (a) Find the
effective pull tending to move the sled along the ground and the effec-
tive pull tending to lift the sled vertically. (b) Find the force which the

man must exert in order that the effective force tending to move the sled
along the ground is 100 Ib.
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27°
F, =100 Ib

4-15 JS&

tJodt

LS, S 1000b W ig Lo o5 4-14 JSE9 4-13 JSS b (a)
TS YRV JUIKPRRSVI BT JP WA PR K JIPS S
R R RVATIP NS S TIE]

F, = 100 cos 27° = 100(0.8910) = 89 Ib

F, = 100 sin 27° = 100(0.4540) = 45 Ib

F iglhall szl syd) 2.9 &S ) 415 JSy mige go WS ()
05} Fy=1001b ,a

F = 100/cos 27° = 100/0.8910 = 112 Ib
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Solved Problem 4.3 A block weighing W = 500 Ib rests on a ramp
inclined 29° with the horizontal. (a) Find the force tending to move the
block down the ramp and the force of the block on the ramp. (b) What

minimum force must be applied to keep the block from sliding down the
ramp? Neglect friction,

i

4-16 JS&

1!
e Fo Fi S e (I) O30 P 416 JS2 I £ 2 L @)
e Ldges U Fr ggaal) Ljlee Lanlis| L J1gd)
S ) 8 s gl o Fy OF o F, (g gl
sl g e 301 el 58 2 By (ggaall i
F, = Wsin 29° = 500(0.4848) = 242 Ib

F, = W cos 29° = 500(0.8746) = 437 lb

dsadl el J1 24216 (b)
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Solved Problem 4.4 The heading of an airplane is 75° and the airspeed

is 200 mi/h. Find the groundspeed and course if there is a wind of 40
mi/h from 165°. Refer to Figure 4-17.

gt
B o gy M ey aone iy O s n ) i Y o
ezl

(¥ i,-) groundspeed = ‘[(200)2 +(40)2 = 204 mi/h,
tan §=40/200=02000 and 6=11°20

course luat! ol

(Gl olail) coOurse = 75° -~ 8= 63° 40’
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Reduction to Functions of Positive
Acute Angles

' Jaddl fu 2
Wlaltl Wi v/
Adladl g3l Jiga ¢/
dilt Uiyt
Ligs A desd V/

Coterminal Angles ddiladl! Wigyll

03] tiualy sl a0 0 o

sin (8 + n360°) = sin @ cos (8 + n360°) = cos B
tan (@ + n360°) = tan 8 cot (8 + n360°) =cot 8
sec (8 + n360°) = sec 6 csc (8 + n360°) = csc 6

.M\gg@,gi@bjiwy@"ﬂéydiu“"%"
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Example 5.1 51 Je
(a) sin 400° = sin (40° + 360°) = sin 40°
(b) cos 850°=cos (130°+2 - 360°) = cos 130°

(c) tan (~1000°) = tan (80° - 3 - 360°) = tan 80°

01 Ayl 0 %5 s OIS 1)

sin (x + 2n7) = sin x cos (x + 2nm) = cos x
tan (x + 2n%) =tan x cot (x + 2nm) =cot x
sec (x + 2n7m) = sec x cs¢ (x + 2n7m) = ¢sc x

C.M.).LGLsingJid..a-

Functions of a Negative Angle ddlull 4¢3l Jiga

03] gy b g2 049l OF o i

sin (-6) = —sin 6 cos (—6) =cos 0

tan (-6) = -tan 0 cot (-8) = —cot 8

sec (—0) = sec 6 csc (-6 =—sc 6
Reference Angles I (R

1319 iz 4 0l5 CL_ou Y L.,ls dayy 405 P 0 iyol; csls 15)

r—>ee s 1 ol Cug B+ 1. 360° 5) 9.0 u.LP 4005 L;i Y ug.oi
360° 3] 0° cpn Llasl) deuzza Ly lomy] oSy 18 0° S 0< 360
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4 511 & rth Bl Jlul ol el
Quadrant for Relationship Function Signs
I R=16 L 9o W|J|‘9J|J§
II R=180°-4 4> 90 cSCR ssin R
Il R = 6-180° L0 COLR (tan R
v R=1360°-6 4.2~ g0 S€C R (cos R

Wil Al desd
Angles with a Given Function Value

Llastl o dadome b 3de Sing Galoce dislazed! Llasl Sl dagd
Ll Laes aie gg Ll Lalied) gl el 4 glue
DI e s Log Olargly i3le o gy 360° 3 0° o0 Ul
a1 i e DI s b el 3 Ll IS
o el Nty I dagd) 5,831 badow Gl gyl

pall Gyl PV B e 4o pis dyol I Slam Y pasis Gl 5 )
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Solved Problem 5.1 Derive formulas for the functions of -8 in terms of 6.

P(x, y)
y
X
)/
P\(xy, 1) Py(%5 ¥1)
(a) (®)
‘Y
(0 1) Py(x,, y1)
Y1
- X
y
Kx, y)
(c) (d)
5-1 S5

c-‘-o)_’ .L:J-L‘- OLQJL-&A L&b_, -0 .0 a;_"‘j Js Joe r.' 5-1 Jg-'; L’j

o JS5 S B3 OP=0P, 10 & i A e -0 gl )1
WA =y ax=x s r=r Olldl Gl i, Y Ja Y o
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sin (-0) = -’i-=_;-=_" =-sin @

cos (-) = #=;—=c039

tan (-0) = );}:-=::;=—£-=—tan9 .
cot (—6)=x—'1-=:%=—-;=—cot9

sec (—0) = -;'l—=-;-=sec9

csc (- =-'il—=:r;=--;7=—cscﬂ

OLINallg Lo ,00 8 DN 065 Ledie OY) oda Jam lasg

OF o Bty domgy i3l 8 sl 055 bokis i Uiy | 4L

b 90° 5 =270° 5 180° 5 —180° 5 270° 5 -90° 3§ —0° 5 —0° Ly} ;}!
Aiplaze Lly;

el Jam o
sin (—=0°) = sin 0° = 0 = -sin 0°, sin(=90°) = sin 270° = -1 = =sin 90°,
cos(—180°) = cos 180° g cot (-270°) = cot 90° = 0 = —~ cot 270°,
Gyainy 8 Lyl Ll Jaad) gals i 5.2 A gloes s
or= WJ y>03 x>0 1045 bokis R & ol 1
Solved Problem 5.2 Verify the equality of the trigonometric functions

for 6 and its reference angle R where x>0,y >0, and r = ‘Jx.z +yt
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P(x, )

- X

X

(9) (®)

(0 (d)

5-2 JS&
1o
L 5-2a) JS& it Jg W) it 5 6 ai Leaze ()

sin9='-v-=sinR cosG=-£=cosR
r r
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y X

tan == =tan R cot@=—" =cotR
X b4
r r

sec 8= — =sec R csc @= " =csc R
X y

S52(b) JKe st . gl w3V 30 ad Ledze (b)

sin 8= = =sinR cos @="""|7|=—<cosR
r
y -X X
tan =277\ ) =-tanR  cotf= T 77| | =—cotR
r - r r
sec =7 Y | =—sec R csc 6= ';':cscR

.5-2(¢) Jﬁ.: St el @,\\ 0 o Ledis (0)

-X X

sin 0= :l:‘(l) = -sin R cos = —= "[-)=-cos R

r r r r

-y y -x_x
tan 8= ——=<==tan R cot@=——=— =cotR

-X X =y Yy

r _|(r r r)
sec@=_—""| 7| =-—secR csc f= '_—y=" ; =—sc R
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sin @ = -_y=_(_y_) =-sinR
r r

® |\

2-4).
tan @= e = —tan R

F
sec@=— =secR
X

X
cos 8= — =cos R
r

x _ [x
cot9=;" ] =-cotR
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Variations and Graphs of the
Trigonometric Functions
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Line Representations of Trigonometric Functions
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Sm9=-o—P-= MP COSO=-C-)F-=OM
MP  AQ OM BR

tan TRy AQ cot 6 5 =08 BR
OP 0Q OoP OR

sec 8 o -Od 0Q csc 0 P - OB 0

o N dady dasiius alii A AQ 9 OM MP iasiinall alaill
bl alawil Lonsuomy D101 5,L8 )0 5 bl daiiinad! dankadll J4b
duis Lorge 0955 OR 3 00 Lo gal! dagitual! ahailly . dositivnal!
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As 8

Increases from 0° to 90° 90° 10 180° 180° to 270° 270° to 360°
sin 8 l.from0Oto | D.from!lto0 D. fromOto -1 Il from-1t0
cos 0 D.fromlitw0 D.fromOto -1 I from -1t 0 I fromOto ]
tan § 1. from 0 1. from large 1. from 0 I, from large

without limit negative values wilhout Jimit negative values
(0to +=) to0(-»to0) 0t +m) 100 (-t 0)
cot D. from large D. from 0 D. from large D. from 0
positive values without limit positive values without limit
to 0 (+=to0) (010 —=) to 0 (+= 10 0} 010 ~x)
sec @ 1. from 1 1. from large D, from -1 D. from large
without limit negative values without limit positive values
(1to +x) to =l (== —-1) (=] o —@) tol {(+@ 10 )
csc 0 D. from large 1. from | 1. from large D, from -1
positive values without limit negative values withoul Jimit
tol(+=tol) (1 to +=) to-1(-=to-1) (-1t —m)

{c}

6-1 JS&
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Variations of Trigonometric Functions

s g 5,80 J g deLdl ylie Olygs oS 8 P dhais OF o,
L .360° J)0° e 5l jennly i 6= ZAOP O A dhis g0 &)y
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Graphs of Trigonometric Functions

I sl oy 5000 jpaadl sllans x Lglll o U Jpdad) 3
D) dad o Yoy Al 200 (x dagd) B,m0 b 0955 Litlzadl JHg !

62 82 dm g0 Ltltad) Jlgdl Olioese el 2

x y=sinx | y=cosx | y=tanxr | ymcotx | y=secx | y=cscx
0 0 1.00 0 T 1.00 et
/6 0.50 0.87 0.58 1.73 115 2.00
4 0.71 0.71 1.00 1.00 1.41 1.4]
) 0.87 0.50 .73 0.58 2.00 1.1
w2 1.00 0 tx= 0 t® 1.00
273 0.87 ~0.50 -7 -0.58 ~2.00 1.15
Inl4 0.71 -0.71 -1.00 -1.00 -1.41 1.41
5m16 0.50 -0.87 -0.58 -1.73 ~1.15 2.00
- 0 ~1.00 0 o -1.00 +0
116 -0.50 -0.87 0.58 1.73 -1.15 ~2.00
Swi4 -0.71 -0.71 1.00 1.00 -141 -141
4N -0.87 —0.50 .73 0.58 -2.00 ~1.15
im2 -1.00 0 @ 0 *o ~-1.00
Sud -0.87 0.50 -1.73 -0.58 2.00 ~115
74 -0.7 0.71 -1.00 -1.00 1.4} ~1.41
16 ~0.50 0.87 ~0.58 -1.73 115 ~2.00
27 0 1.00 0 *m 1.00 +
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() y=tanx () ymootx
Y Y
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- 6 F =X -R IO l ZI-X
A RANENA A
@) y=secx © y=acx
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Horizontal and Vertical Shifts
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Periodic Functions A gl Jlgudt
s B3 ous ilyed B Lpnad S 3y x el ) s 6
dolS 5,95 & Gl s x dad) i Wi gdadly .Periodic &,z
sl wliouad L gLl Jacdl ey "Y1 5 2" o DN dad e
plasdl g cndd a2} Sl oliimie &l OF da ditiel!
Ol Uiy in a4l plad Jby Jhall Ly 2 o8 4l cblsj
sowad) iy y=cosx u.'.a..:AH Cl:.'.::..«! oy sin('/o% + x) = cos x (1)

bl G am \aylade Bl y=sinx
u.bu’».” Jau y=cscx u.::..'.a.“ GL::.:...‘ OS“-'J csc(/om + x) = sec x (2)

eed| dgr 'am Laylade Blis y=secx
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(@) y=sinx

& X

-- &les
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() y=msinx+2

(¢) ymsinx—1
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(d) y = sin (x + x/4)

(¢) y=sin(x-xf3)

AY

14
0 - X
-1
6-3 S5 MG
Sine Curves o | i

o 2T 9 1 o y=sin x suald period 5,31y amplitude del
- a‘l> 0 L.oJ...o y=asin x JIIl x b ot dad J¥9 el
o y=sinx DU Ll OB Wiy y=sinx JW| S a 0, Jools
y=sin D101 L O x=2wby bx=2x Wi Uayly 275 2401y

2 5 zdly 1 a b>0 ladie bx
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y = a sin bx :ﬂawﬁuru\wb
b>0 3a>0 Ol o
3 e y=35in2x suiadl O S g 270 & iy 0 wan O3S
y =3 sin g y=sinx goiadl 55 3, 6-4 Sy 212 = 45909
3mall ks Je 2x

e o

y = gin x + 3 sin 2x

X

6-4 JSb

Aty L lual Koy L gadl 8,01 o sy e JISST Hliny
.%\ow&a;ﬁﬂw@q
ot JS3 Bty 5393 B gt ) it o) 6.1 8 glous Blaa
s W Jladl
Solved Problem 6.1 Sketch the graphs of the following for one period:
(@y=4sinx; (b)y=sindx;  (¢)y=3sin (Y2)x;
(d) y =2 cos x = 2sin (x + (}2)7);
{e) y = 3 cos (Ye)x = 3 sin ((Y2)x + (Y2)m).
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(@) ymdiinx
Y
11
2 R
3 3
(b) ym=sin Ix

() y=3sinix

(d) ym2coex

6-5 JS& .
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Applhalt Slasmial) o JS3 8 28ly dadl o 0 gllaall oo

(6-5) s Ll
(@) y=4sinx 2= 5 zdlly 4 = dad
(b) y=sin3x 273 = i zidly 1= dadl
(€) y=3sin(/2)x 20/ (12) = 4n= 5,280y 3= daddl
(d) y=2cosx 2 = pdly 2= daldl

(&) y=3cos(‘/)x 4r =5aly 3= dadl

s Y Sl e JS3 el Py f"“'-" 6.2 l‘}lau i
Solved Problem 6.2 Construct the graph of each of the following:
(@) y='stan x; (b) y =3 tan x; (c) y = tan 3x; (d) y = tan (*4)x.

o IS bl ey el i pasna i Al S 1o
di> Ao e SO Oolall oldlis Yy dcdl olitasyl
it Gl Slimiad e S0 5zl dadt o o gllaad! o

66 JSs
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(@) y = tan x has period 7 (4) y = 3 tan x has period 7

. uf
2 - X 2 — X
]
|
(¢) y = tan 3x has period 73 (d) y = tan }x has period 7} = 47
ud
6 -2 x
=X - X
|
6-6 JS&

LI gl o IS iomiall et 6.3 U s Uls

Solved Problem 6.3 Construct the graph of each of the following:
(@) y = sin x + cos x; (b) y = sin 2x + cos 3x; (¢) y = sin 2x — cos 3x;
(d) y = 3 sin 2x + 2 cos 3x.
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(@) y =sinx + cos x

s b

= gin x +co8 x

(b) y = sin 2x + cos 3x
Y

f

y = sin 2x + cos Jx
( y = sin 2x

-1

6-7(b) JS&
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(c) y =sin 2x — cos 3x

6-7(c) JS&

(d) y=3sin 2x + 2 cos Ix

Y

y=3sin 2x 4+ 2 cos Ix
= 3 gin 2x

6-7(d) JS&
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Basic Relationships And Identities
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QA O il o V1
adlt ot v
Basic Relationships doabio ! QL)
Ll OB lis Bpbodl SO AT it Ly lad e
Reciprocal Quotient Pythagorean
Relationships Relationships Relationships
| .
csc = — tan 8= sin 6 sin? @+ cos? B = |
sing cosf
] 6
sec 6 = cot9=E-ch- 1 +tan? 8 =sec? @
cosé sin @
]
cot = — 1 + cot? O=csc2 8
tan @

iy 0 0d JSU 3dous sin” 6+ cos® 0= 1 Jlall Jo ey D1
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= iy @ a0 tan 6 o BP.JJSJ oo tan 0= sin @/cos O
0 iad lasla 38 n o 020 +00° BVl o 8 o JS ol

.05 8= 0 ¢sin 6#0 Jamni oI

Al O yuall! Lausensd

"~

Simplification of Trigonometric Expressions
ile J1os g 1 @) Jlaisl 3l o g dasladl aslgdll e
)90 Lol J]
Loy sin® 0+ cos? 0=1 Ladied) Ml r\.\:‘-.';.....l., 7.1 n}\’u Yl
.sin’ 8 + sin B cos’ 0 Zua""?\ sdiadl o

Solved Problem 7.1 Using the relation sin?  + cos? 8= 1, simplify the
trigonometric expression sin® 8 + sin @ cos? 6.

:Jed!
sin’@ + sin 6 cos? 8 = sin 8 (sin2 @+ cos? @) = sin (1) = sin 8

Trigonometric Identities st Oyt

b b 8 i JS) s ezl JIs ) Jas 31 e ¥aled)
) o o il bzl by ans Dalald

cos & csc 8 =cot 0 and cos O tan 6=sin 6
AN ORI 3 Bsladt b ol i i Ltz ool Uazad!
Lyno S of dinedl G LI Lt oy Ugasy . (Gl Y1 o)
Jolaall L;JLUAJfJ.mrauﬂbdlua.uusJ Jo..l\a...lu Lood

Bygeall s )
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General Guidelines for Verifying Identities

IS @lish ey ladl il Y Lalzadl SN @00 oy
i

259 s8I slaisly - by par Olgdes L5 a0 oy
Al HguS J) ) suSI

laped) 0l @y by izl Jolod) Sy el Y1
b bl b am Y Sl Yy o el Sllas olasead
5y g0 Ja|

Ol ) i Jal g faias S Y Dolaadl b as sl
gy ST Bolaadt 0SS Bslaadt o =

gl iy Witewn Dslaall i b o0 b JS J g
pyiadl Bype S gl Ollas Gl

Byg—e S Liltadl gl IS o god i gad) Oldes r.l.:'-.:.'..d
- i) o3 cosnie «sine

Aaadsf g8l 3 pliadly Ldl 0 JS 00

ady gy Hdadl Gdl e 3 0aall Lan 1 adad) jguS Ly
1V @bl
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Solved Problem 7.2 Prove the Pythagorean relationships

(@) sin2 @ +cos? @ =1, (b) | + tan? O = sec? 6,
(c) 1 + cot? @ =csc? 6.

A=(@@+y =r) 0B Plry) daisl) LI Jetad) oo o Jodl
WY+ omP=1 WOk P e A desds (@)
sin? 6+ cos’ 6= | ol
1+ (W) = (r/x)? W O 2 e A dasdy (b)
1 + tan® @ =sec’ @ ol
cos’ @ Je sin’ 0+ cos’ 0=1 1dslaadl b dandyy
Wt OsSy

) 2 2
sin 6 1
s 0 +]= 050 ortan’ @ + 1 =sec? 0.

() + 1=y W OBy e A ey (0)
cot’ @+ 1=csc’ 0 ] ‘_gi

sin® 8 P sin? @+ cos’0=1 :dstaall u.o,.lo daund 9

Wl 0
cos @ 2 1 2
1+ sno | =|sne or 1 + cot? 8= csc? 6.
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Trigonometric Functions of
Two Angles

' Jadl! a4
) (ilgd v/
z sl (iled &/
Wl ndr Joted v
Qg a) iled V
Addition Formulas aandl (gl
sin (&t + B) = sin acos B + cos a sin B

cos (@ + ff) = cos axcos f - sin asin

tan a+ tan f3
I-tana tan §

Akl l OB Nal) maadll il b i 81 & gloova Dlens

Solved Problem 8.1 Prove the addition formulas.

tan (a + f) =

S Lo go 3> Lilgs a B igliy & iyl of G2 1l
8-10) JS& a+ f>90° 4f 8-1(a) S &+ < 90°
- 03 _
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8-1 JS&

Bagly Juasy sl gl b @ sl Joes SIS oda o )

geb gn gl LW WLty 0l I 5 e iy pe dray )

Llp bl ddll e P aE 5,0 o gl oy ) sl
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s 39— PB (59 10X sl e 590 PA paf (@4 )
OX jpoall (Jo 939 BC qpiiaadl ca iy o)) 2l
AP (izaall s (53305 BD (iiualls

(BP 9 0B o « AP 5 0A) i bluadl ¢ XoW OY 24PB = 103
03] tidelaza § Mo o

sin (a + f)

AP AD+DP CB+DP (B DP CB OB DP BP
OP _ OP oP OP OP OB OP BP OP

=sin ecos B + cos asin B

cos (a+f) =

O4 O0C-AC OC DB _0C DB OC OB DB BP
OP _ OP OP _OP OP OB OP BP OP

=cos a.cos 8 —sin asin

tan (a+ fB) =
sin acos f . cos & sin

sin{a + ﬂ)_ sinacos f+cosasinf cosacos B cosacos
cos(@+B) cosacosf-sinasinf cosacos B _ sinasin B
coscrcos B cosa cos B

tan @+ tan f
= l-tana tan 8




Subtraction Formulas Z ylall (nled
sin (@ — B) = sin acos B — cos asin

cos (& — ) =cos acos B + sin asin §

tan o —tan f
tan (@ - f) = {ang tan 8

Al S Yal Wl il el 82 4 glone Al
Solved Problem 8.2 Prove the subtraction formulas,
:Jodl
sin (@ — ﬂ) = sin [a@ + (-f)] = sin a cos (—f) + cos a sin (-f)
= sin & (cos P) + cos a (-sin f)

= sin a cos - cos asin

cos (@~ ff) =cos [a+ (-P)] =cos acos (—-f) — sin asin (-
= cos & (cos B) — sin a (-sin f§)

=cos acos B + sin asin B

tana-l-tan(-ﬁ)
tan (@~ f) =tan{a+(-P)]= I-tane tan(- B)

tan a+ (~tan B)
“ I-tana (~tanB)

tana —~tan
l+tana tanf
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Double-Angle Formulas Gyl cand ydled
sin 2a =2 sin ¢ cos @

cos2a=cosla—-sinfa=1-2sinfa=2cos? @-1

2tana
tan 2= ———5—
|-tan® a

gl Il s il oo o | 8.3 A gl Wlns
Solved Problem 8.3 Prove the double-angle formulas.
I i) SN ) il g8 e 2ol
sin (@ + B) =sin acos B + cos asin

cos (@+ f)=cos acos § —sinasinf -

tan a+ tan 8
tan (@ + f) = l-tanx tanf °

cindd i Y SN ol U O5S @ dgl B desly i

vy 9l 5
sin 2 = sin 00 cos &+ cos Q@ sin @ =2 Sin @ cos & |

cos 20 =COosS QCcos O —sinasina
=cos’ - sin’
= (1 ~sin? @) —sin a =1 - 2 sin* &

=cos? a- (1 -cos2a)=2cos’ - |

tang+tana _ 2tana
I-tanatan@ |-tan’aq

tan 2a =

-97 -



Half-Angle Formulas Aol pll iad pled
sin %= 15259
2

cos = + fl+cos€
2 .
an %40= + ’l.-cos&:_ sinf _ 1-cosf
l4cosf® l+cos@ siné

gl i il g s i 8.4 & glows Dlans
Solved Problem 8.4 Prove the half-angle formulas.

:Jed!
(428) 4303b @ G by Jocud cos2a=1-2sin* o (BNl $

cos @ =1 ~2sin? 120

sin? 120 = 1 -cos6
1-cos@
sin 20= ¢t >

(120) 431 3h o 4 aly Jauad cos 2a=2cos? -1 BN
R BUATH M) CL'::.:..-Y

cos @ =2 cos? k0 -1
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cos? 1h0 =

cos 4= T

tan 260 =

l+cos8

l+cos@
2

sin-l-a
2

cos-l-B

1-cosé
1+cosé

k4

sl

(1-cosg)1+cosf) _
(14 cos @) +cos §)

.

1-cos® @ _ siné
(]+cos 9)2 14+cosé

(I-cos8)1-cos @)
(1+cos 8)1-cos 8) B

.

g Wil a (1-

- 99 —
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(1-cos §)? _1-cos@
l-cos?9  siné

=2 tan Y0 5,L5) OY Dbl odin 5 deanl ol cod £ 5,y
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Sum, Difference, And Product
Formulas

P Jaddl A @
Al g warld AN SN e ¢V
Al ey cunll Gyitly poantt ¥V

Ad] ey cndd DGl SEMAY o

Products of Sines and Cosines

sin a cos = Ya[sin(a + f) + sin(a - B))
cos a'sin f = Ya[sin(a + f) - sin(a - f)]
cos a cos fi = Ya[cos(a + B) + cos(ax - P)]
sin @ sin = ~'x[cos(a + f) - cos(a - B))

el SNl ) il g8 stz 9.1 D glova Dl

Solved Problem 9.1 Derive the product formulas.
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'l

sin(fa+ B) + sin(a—f3)
= (sin cxcos B + cos ¢ cos B) + (sin acos B ~ cos asin )
~2sinacos
100 etz Lol Dalaadl o
sing cos B = Ya[sin(a + f) + sin(a- )]

4

Ol Lag
sin(+ B)-sin(a@— B)=2cosasin B
05}
cosa sin B = Y;[sin(a + ) - sin(a - B)]
R

cos(a+ B) +cos(a- B)
= (cosa cos - sinasin B) + (cosa cos B + sinasin §)
=2 cos acos
:di e rAm I [ T PR | 89
cosa cos f = Yacos(ax+ B) +cos(a— B)]
1of b
cos(a + fB) - cos(a— B) = -2 sina sin B
_IOSI

sin a sin B = -Ya[cos(a + B) — cos(ax - ﬂ)]
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Sum and Difference of Sines and Cosines

sin A + sin B = 2 sin Y2(A + B) cos Y2(A - B)
sin A - sin B = 2 cos Y2(A + B) sin Y2(A - B)
cos A +cos B =2 cos Y2(A + B) cos Y2(A - B)
cos A — cos B = -2 sin (A + B) sin Y2(A — B)

L) s, cml] 3,5 ! (il 58 izt 9.2 & glows Ala

Solved Problem 9.2 Derive the sum and difference fé)rmulas.
a-B=B 3 a+f=A O o, 1 Jod!

B=12A-B) s a=124+B) 0 g y2,dl o

sin (@ + B) + sin (- B) =2 sin @ cos 10slnadl 3 i gadly
sin A + sin B =2 sin Y2(A + B) cos (A - B) 2ol o
Sin(a'l'm—Siﬂ(a—ﬁ):zcosasinﬁ :d"w‘g’g“.}‘—‘b
sin A — sin B = 2 cos Y2(A + B) sin Y2(A = B) s ol o—
cos (& + f§) + cos (a— ) = 2 cos acos B slaal 3 2 gadly
cos A + cos B = 2 cos Ya(A + B) cos Yh(A - B) : Of s
cos (@ + f§) ~ cos (@ — )= -2 sin acos B Wolaall 2 gadly
cos A — cos B = -2 sin (A + B) sin Y2(A ~ B) ) o
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Oblique Triangles

Jadll 1
w Sty v
! gots ¢/
A e 50 V
W oddy g v

Oblique Triangles Al SEG

Jeds ¥ &dts 4a oblique triangle Jsladl cdtal
ooty Sdia gng (L@l L i3t oLyl e; AP
LI Lyphdly OLsals Ol gl ol sots 2D

i
«a d‘,,u”.g t)‘...‘om_, C 8B A dJaJLn L,.,\,;,U Ay Gulial Q—"J
1071 S8 sl o b
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A B
[ 4
(a)
c
ad
b
A ]
[ 4
®
10-1 JS&
Law of Sines ey 635‘3

sda & 1 Lo g ao g Mol i ABC eldie T 3
adzadl 3 g Y
a b c sind _sinB _sinC

sinA=sinB=sinC or a b c

wdtall Joud el 096 gzt 101 & glos Wls
Solved Problem 10.1 Derive the law of sines.
:Jod!
B iyl ls A iyl 102 JSa . ol elis gf ABC OF o0
oo Ly oa B Lgly 10-3 JSa 5 Laag il Lyl Lea
— 106 —



o2y 1073 J S 3 WS AB szl o AB o (5350 CD o
SASEN e IS 3 ACD gl W1 el 3 b g sgandl J gb O
h=asinB 3gaall Jgb BCD s} o581 ediadl 3 \aiy h=bsinA
19 h gl Jgb 10-3 S 3 03]

h=asin ZDBC = asin (180° - B) = a sin B
OF gz 2ganll J gb cyo

a _ b
sin 4 sinB

asinB=5bsinA or

a 23=as 3l AC Jo B il (pp 35a8 ) i) iy ) puiss
0l s (BC Jo 4 ot
-107 -



a c b c
or

sin 4 - sin C sin B = sinC
01 gas L) o¥slaall oy
a b c

sin A =sinB=sinC

Law of Cosines Al i ekl

e a T e O gSall fubitnadl Gind is U ao oy 5 ppalil
ade Y hiiag Jeadaall

ad=b+ct-2bccos A
B =a+c2-2accos B

A=a’+b*-2abcos C

il Jod el il g8 pratiad 102 & glows As
Solved Problem 10.2 Derive the law of cosines.

C

-

104 JS&
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101 i 10-5 4104 IS o IS 3 ACD gyl ) edzall e
.b*= h* + (ADY’

101 quazid 10-4 JS& 3 BCD 11 (581 ezl oy
h_?asinB and BD=acos B
o 14y
AD=AB-DB=c-acos B o,
Dslaadl b L gy
bz=h2+(AD)2=azsinzB+c2—2;a cos B + a’cos® B
= a*(sin* B + cos? B) + ¢ — 2ca cos B
=a’+c*-2cacos B
101 gz 110-5 JS& BCD &gl W) edsadl o
h = a sin ZCBD = a sin (180° - B) = a sin B.
BD = a cos ACBD=‘a cos (180°-B)=-a cos B.
AD=AB+BD=c—acosB 1054
b* = a* + ¢* - 2ac cos B

- 109 -



o0 iy Ll oSy plall o 5l 5,591yl
a'=b+c*-2bccos A WUl e Lo 3950

Solution of Oblique Triangles AUl SEEL Jo>

oSay daglae cdiadl Glgy JS cands edo o 6l | &N daglany
ezl lgzs B ¢ Mol hsbi olamy ) oSy s edzedl J-

L Al olaladl Jod aesdl oYl

Mol HSay c&:.k‘.v__"’;.“ 4 JilGadl CL&.“_, e aly deaglasy 1A
Jod cmad! Ogld plusealy S gl bl ]
el

A=112°20" =625 101 1) ABC edsadl J> 103 & glows Wl
10-6 S kil .C=42°10

Solved Problem 10.3 Solve the triangle ABC, given a = 62.5, A =
112°20’, and C = 42°10’. See Figure 10-6.

A
112°%0

| 42°10
b ambl5 ¢

10-6 JS&

1B by sow Y 1!
B = 180° - (C + A) = 180° — 154°30’ = 25°3(/

b pddl Jgb sl Y

asin B _ 62.5sin 25°30"  62.5(0.4305)

ond - smliz20 - oozs0 2
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[sin 112°20" = sin(180° — 112°20")=sin 67°40')

e audl Jgb sl

asinC _ 62.55in42°10" _ 62.5(0.6713)
sind  sinl12°200 09250

c= =454

B=25°30" «c=454 H=29.1 ; ga Gglhaall 15 Y
| oSay ediadl pa pglas b il o il Laghaoy 1T U\
1S5 W g oW sl Y ol O plasuaaly @1 Gy

B=68° A=35 =25 101 13] ABC ediall J> 104 & glows Dles
10-7 JSas i

Solved Problem 10.4 Solve the triangle ABC, given ¢ = 25, A = 35°,
and B = 68°. See Figure 10-7,

1C dyaly ol Y
C= 180° - (A + B) = 180° — 103° = 77°

‘a ol Jgb ol ¥
csin A _25sin35° _ 25(0.5736) _
sinC  sin77°  0.9744
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b fdall Jgb sl Y
csinB _ 25sin 68° 25(09272)
sinC  sin77° 09744

For b: b= 24

B=T1° 3 b=24 =15 ! » igllaall o132

r\.l:'-;:..ub_g PO AT 491l cliadl o ol Lnglaey (I Jl>-

I el aad) Ll s} Sy ) 096
=421 @=525 1OLS 15} ABC e tzall J > 1054 glows s
10-8 JSo il LA =130°50

Solved Problem 10.5 Solve the triangle ABC, given a = 525, ¢ = 421,
and A = 130°50°, See Figure 10-8.

10-8 JSi

J._-»“,J_-a- d>g 0¥ a>c 9 i i QJ‘)UAA gJi&...-'- :J?!-“
1C Galy s Ladiald

sin C =
csin 4 _ 4215in130°50” 421().7566)= 0.6067 and C = 37°20°
a 525 525

B il ol Y
B = 180° - (C + A) = 11°50’
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b plall Jgb sl

i in11°50"  525(0.2051
, asinB _ 525sinll°s0" S 5(0.205 )=142

sin A sin 130°50° 0.7566

b=142 g B=11°50' (C=37°20" : ;» & gllaall 615> Y

Opld r\.l:'n.;'...u\.gj PVLIE JPWE N P PRS- WV EYOR L J-
b=2243 a=132 (O0LS 13) ABC elzadl J> 106 U oo Ulns
109 s ksl .C= 280"

Solved Problem 10.6 Solve the triangle ABC, given a = 132, b = 224,
and C = 28°40". See Figure 10-9.

gl
i é“‘.’“ J)lo. Sow ¥

ct=a’+b*-2abcos C
= (132)2 + (224)? - 2(132)(224) cos 28°40/
= (132)% + (224)% - 2(132)(224) (0.8774)
= 15,714

c =125
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1A dgly sbm Y

sinA =
asinC  132sin 28°40° 132(0.4797) ,
= = =0.5066 =30°30
- T s 5066 and 4 =30°3
B dryly sl Y
sin B =
bsin C _ 224sin 28%40" _ 224(0'4797)=o.3596 and B = 120°40°
c 125 125

Gol> dal3 A g b>a 10l o) tdbgla

(B>90° 9 A+C<90° Of Cus)
A+B+C=179°50 il oo 1S
=125 § B=120°40" 1A =30°30" : o &gllaall 5152 Y

A Ll Jly Loy sl slam) Sy
b=318 =252 10 13) ABC edzadl > 107 U s Wles
10-10 JS& il .c=434

Solved Problem 10.7 Solve the triangle ABC, given a =25.2, b = 317.8,
and ¢ = 43.4. See Figure 10-10.




:Jed!

1A Qaly ol

=0.8160

b'+c’-a’ (37.8)+ (434)" - (25.2)
cos A= 3 2B73)434)

and A = 35°20°

‘B Gy slow Y

2 2 2 p]

¢t +a’-b* _ (434) +(25.2F -(378)° _
cos B=——7—" 2(434)252) =0.4982
and B = 60°10/

(€ aylj slw Y

2 2 2 2 2

a’+b? -c? _(@52) +(378) -(@34) _
cosC=—— 20252 137.8) =0.0547

and C = 84°3(’

A+B+C=180° imildl o St
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Area of a Triangle

: Jadl 18 (b
ALt At V/
L) (it V1

Area of a Triangle i (R T
FU 3 sae @l Lo Sl cial gl edie Y K i Ll
wadzadd ol ¢ oWl Luaglany edialdl dlue slowy | (Say Ligasy

Area Formulas drladl (nled

ABC &L b alag glugly olaali 1T 9T GLI

Cases I and II. Given two angles and a side of triangle ABC
ilung A+ B +C=180° (@8Nl plisanly W 1 sl | Say
Dy it Jeol (el g ol o oo mpr ol lzall
g Lhliall Ly gl o i e oo sl il y Ll
201 sl oal!

_ a’sinBsin C _b?sinAsinC _ c?sin4 sin B
2sind4  2sinB  2sinC
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Y Alile dglyg Gtl pial o Glald (aall .IIT Wi
ABC &) b (nabial!

Case III, Given two sides and the angle opposite one of them in
triangle ABC

O gubis coandl 098 rl.xs.-.:.al.. Edsad) Lol 4ol slomy | Say
LPJ"J"‘—‘L“"“U‘Q*‘JJ‘JJ&“M}[“”M ‘o) do-la .)L-auﬂ "I
e )L:mﬁ O N> LJL:-| 9 uU.L‘J cr‘,lu:.” é..a.” Ne 0.1?-‘_9
WPRNOUIRIPRRCNIN ‘&i"'u‘:r‘h’n 9 s\l 40l 3| don glaay el
ST ol patlte ol slow) i Gy b o ST plascad
o Bygana duglyg LI T (e Glald daall TV Wil
ABC &L b (pakaalf
Case IV. Given two sides and the included angle of triangle ABC
Lol e u—"n-""L‘ 2Dt ool Ciiai (g9l Ediadl Lo
'QT Lsi .LA+¢J '6)}«:’-».“

K = (*2)ab sin C = (*2)ac sin B = (Yz)bc sin A
ABC &L 8 $oal W0 daall .V Wi

Case V. Given the three sides of triangle ABC
gl b Uy piae el Cinad a1 jdadl (galis Edied ] i L
s e JS B g oY e Ly e Laowal]
K= Js(s—&Is—bXs-a

s=Ya+b+c) S rCes
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A1-1 S bt K= (besinA. 1l il 111 & glovs Blows

Solved Problem 11.1 Derive the formula K = (Y2)bc sin A. See Figure
11-1.

h=csinA Ol dusm Sl o IS 3k ga gl ¥ OF )6 1 S
2o g UIKIEY)
K = (}2)bh = (Y2)bc sin A

15 8l gzl 112 3 s Dls

Solved Problem 11.2 Derive the formula

!
_czsin Asin B
" 2sinC

K=(DbesinA .11-1 & gloead) Blaadl 50 2 Jodl
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_csinB
~ sinC
101 gtz Ll SN 0
in B ~ c?sin Asin B
K =(Yo)be sin A = (Va) o ¢ SinA = i
sinC 2sin C

sosbar Ujis Gl o-lus ol Oa Loy 113 1 glowa Fleis
sliadl aals o S Jgb et e 5le Kl OIS 13) Sl
1057 g paladl e gl M gl p8 42

Solved Problem 11.3 A painter needs to find the area of the gable end
of a house. What is the area of the gable if it is a triangle with two sides
of 42.0 ft that meet at a 105° angle?

C
b’n q‘cg

H B
e

11-2 JS&

.C=105° 5b=420ft § a= 420t Ol gusiass 112 JS2 0 1 Jodl
K = (*2)ab sin C

= (V2)(42)(42) sin 105°
=852 ft?
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rA)Uas\ Szl s CJL-LJ\ P ez e O 114 ;U}bu ||
Stz - bis ol i 7l e 9.0 cmy 5.0 cmy 3.0cm »
RUD CIRK RTINS N} J....ayuou'ggd‘

Solved Problem 11.4 Three circles with radii 3.0, 5.0, and 9.0 cm are
externally tangent. What is the area of the triangle formed by joining
their centers?

11-3 S5

.c=14cm g b=12cm g a=8cm 0 Fetiand 11-3 J&&us ZJ’J‘

s=l(a+b+c)=17cm

K =s(s-a)s-b)s-c)

= 707 - 87 -12)i7-14)

= 42295

=48 cm’
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Inverses of Trigonometric Functions

L Jaddl |dd 8
Sl WLt Sl SLENe &
AasaSall ASLY SEN Clinia V
AaaSall A5 Joutt
y PR, PO RPN 7 g
dsscSall BAEY SEL Aelall asdt V1

& &

douSal! dudidf gt <Y
Inverse Trigonometric Relations
PIEIPRY
x=siny
Adolnadl 5 $lUanadl y \?.l_,_j o sl IS x e J Bas s dad O jas
ol Uolaall oo s 0685 Y O Jaioy doghan x 365 Ltz S0
Lotie dolaad) > Jla 095 ¥ JUadl Jows Joy (J g 52s s> g

ca-.a” .l_-r-‘}” oF LR P u}‘.u 4 0l5 Lgi s Ui G- x=2
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Aolaald J gl a6 dr gy x='ly Ledis o

y = 30° 150°,390°, 510°, ~210°, ~330°, .. Ay
y = arcsin x

iy 0 Sy 4 AL BV G arc LS ‘-LB.:....J 5P r.bJJl.g_g
BVl LS Sy dgrliie Dy sy x Lgbeas g 1 Lol Ly
x=tan y of G ¢y =arctan x § X =Cosy ol G- y = arccosx-
1iSas

u—ll_-ui e l.yi)s gSay y=cos'x g y=sin"x 4 0} OEVally
o=Ser 1 Ll pladl e (g Sang x Loglil) ol g Sins
Of Say 09 Lol Ltzadl SNl 28 e Uiy | aalusind
oy Uy L Usinx=(sinx)™ @Mdly sin™ x G oy 2l Loty
Wy J dr bl die dakiall Jisdld LI u.ﬂl LUS e 4Ll

duaaSal) ALY OB Siludoxie
Graphs of the Inverse Trigonometric Relations

ilisy g x=siny ENal) coedl i ga y=arcsinx [EMal s
obd Uy L bas =YX of Ep y=sinx Gl pmin o0
J‘,Jytj‘wbr}_‘dﬂ g:.._._a.J\u.::-..:.a&pBJL,:«yy=arcsi‘nx souall
) jemall e Yy (6oLl

ot b (6, W LS Ltlzall Jplll Sl O g
3 3 x el Bt e Laltadl Jlgdl olioni
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Inverse Trigonometric Functions

el SN OF Hlsel (550, oo &)
y oo dadd s1 O im Ling) Jlgs 4uSall
g > Jaaly (x O b9 dad W bly
$llanall Lol Ln Bl Lig il o a1y s
S g = wae Jliadl Jos Ao ox
Ld s By x=-" Ladieg y= 76 Qa3
arcsin x L3 Mall S’ U gow dalla Y1 55l il 0dng Ly = -6
(s LSl QL‘J| Jloadl i Dad @l 40 319 ) earccosx g
o JS Ll Y ‘.:iﬂ S gouiall o\y.-b d] dan” x «cos™ x ¢sin” x
Slay c.a\_, kv () J 12-1(@) JS& § dows g0 LuSall il A
O LSl B 39y 3 Sinal) dyglas ol L go x 045 Loie
AalS 72 50 oy il y dad oa Ll Do)

- e e ot s e

y = arcein x y = arctan x
(a) - (b)

12-1 JS&
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y = arccot X y = Arceac x
(¢) (f)
12-1 J5& M
Principal-Value Range 'Z.yu'il Aadll (Sue
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General Values of Inverse Trigonometric Relations
Lo Of oy 7 o 3 g e Ltltn s oy OF 2,
Laadydow p-Say a2y Sla O doglae y LSl Lalzadl & Ml
i e laay, 5y, O o oy Bl )l alall Loy
LAY gl O SUIy o)) a el nd g 3nad) o3
lag diylhaall il IS mas oy, 39, sl oo 65Sadl y Lat3U
e

yy+2nr  and  y,+2nnm

sl (55l ol I o] g e 3 ST 2 m O
U1l Ll Y1 Ladll Lasls La3lssl - Sayy, 3 o 51

R PRI

Y el e JS ded dar gl 121 8 glows Blens

Solved Problem 12.1 Evaluate each of the following:
(a) cos (arcsin 3/5), (b) sin{arccos (=2/3)}, and (c) tan[arcsin (~3/4)]

- 127 -



"r
> 3
é
0 2 =X
(@
*Y ‘Y
7
0 J - X
o
AN
N N |
=2 o X
(b) ©
12-2 S
sin 0= 3/5 O3} (8 =arcsin 3/5 01 5,4 (a)

S a0 Ll Ll p gl L 12-1a) S e
cos (;lrcsin 3/5) = cos 6 = 4/5
cos 0=-2/3 03| «0=arccos (-23) 101 2,8 (b)
S g B 0Dl ) sl 12:18) Sl (e
sin [arccos (~2/3)] =sin 8 = 5/3

sin 6= ~3/4 () (0= arcsin (-3/4) 0 Lo ,& (¢)

2 g 3 Bl el sl L 12:1() JSN
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tan [arcsin (<3/4)] = tan 6 ==3/v7 = =31/7

Solved Problem 12.2 Evaluate i, L dagd drs 12.2 & glowa Uluus

sin (arcsin 12/13 + arcsin 4/5)

Y i
13/ " 5 s
] ¢
ol s - X 0 3 — X
(a) ®)
12-3 JS&

F

ol goi 1 Jed!
6 = arcsin 12/13

¢ = arcsin 4/5

)l P Ol ¢ 5 6 il oiez.-;..slz-z(a)_, (b) JSa oy
Ja Vi

sin (arcsin 12/13 + arcsin 4/5) = sin (6 + ¢)

= sin 6 cos ¢ + cos @sin ¢(t_,.qu.|| O$4)

o 3+5 456
T 135 135 65
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Trigonometric Equations
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addl Sl > v/

Trigonometric Equations Audlil) O¥ atalf

Latliadl el lgs Jas 1 olaadl o Lttzedl o¥olaall
| (] e 29 doglne i L))
Loglaadl ot Lol 8" Yoy coligllane of disllazs ¥slos (@)
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cquation dalas pllas piinied S Jadl a3
.condjtional equation L.b .2} Lolasd! e Yoy
dagd s\ Y sinx =0 Lalzadl Yslaadl Jod s
x=0 llaag sinx=0 dolaadl V> dar gy dolaadl G’ b x 4y}
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Solving Trigonometric Equations duiid! S¥alatl Jo
Olgdas e dom g oS3 a2l OWlaadl o dole Gy b a5 Y
Fladly Louigo 5,5 § lglamy L5 LdteY 3 donai g donls
0Lx<2m bl 8 OeS Bgu Jglodl JS9 45V T glonall
AL GYotall Juad AwlSal (A)

(A) The equation may be factorable

g Y Lelsd! Bslaadl > 131 A e Blos
Solved Examplel3.1: Solve:
sinx—(2sinxcosx)=0

sinx-2sinxcosx=0 .dslasll M ZJ:J‘

sinx (1-2cosx)=0 & Guired! c.l.. QJS.J
Zc'fL:.“ 05y aall dslaall Jolos 0 J.o\.s JS e

sinx=0 and x=0,7
orl-2cosx=0 and cosx=Y2 and x=m/3, 573
sinx—2sinx.cosx tddus Y dalasll EE: N g2 93y

sinx—2sinxcosx=0-20)(1)=0 x=0 Lo

sinx—2sinxcosx=‘/z\5 -2(1/z~/5 )(%) =0 x=m3 Ls
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sinx—2sinxcosx=0-20)-1)=0 x=7T s

sinx—2sinxcosx=-Y% V3 2% V3 Y(:) =0 x=5n/3 Ls

Snf3 g m«nf3 x=0 :gn (0Sx<27) 52 g alhaadl i O3]

Ao 493y AWy Alall dceidd! Jhaddt je paaddl (B)
(B) The various functions occurring in the equation may be
expessed in terms of a single function

s I el Doteed! o 132 U glove Do
Solved Example13.2: Solve:

secx+tanx=0
sleedl b o 1!

1 sin x
secx+tan x = + =0
COSXY COsX

ol 5l 098I cosx B

1+sinx=0 or sinx=-1
G,a0 tanx g secx gl ey x=3712 U Oy Dolasdl Jous
J W e Dol O g x=3772 Lee

Al )b g (C)

(C) Both members of the equation are squared
a5 Y Lt Dstasdt Jo 133 U plows Bloa
Solved Examplel3.3: Solve:

sinx+cosx=1
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sinx+cosx= 0+1=1 x=0 L
SINX+COos X = 1+0=1 x=rm2 s
sin X +cos x= -1+0=21 x=3rn/2 Ls

x=7i2 5x=0 ¢ dslaadl | O My

b et e ) Dsleal) JLo) Jo o x= 3712 dacds
tWsteadl O LYy Lo Y Dolalt
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(D) Solutions are approximate values
g Y Lkl Dolaadl Jo 134 A gows Dles
Solved Example13.4: Solve:

4sinx=3
dsinx=3 Dalaadl o 1 Jodl
sinx=%=0.75 ol o
pon 1 dagd) deddly Jodls 085 o» Lzmadl Gl My
x=085 y x=7-085=3.14-0.85=229
rideo Y1 Dalasdt E c'.'L:H a9
4 sin 0.85 = 4(0.7513) =3.0052 =3 x=085 Le
4 sin 2.29 = 4{sin (3.14 - 2.29)] x=229 L&
= 4[sin 0.85] =4{0.7513] =3.0052 = 3

ORd LIl g 5,500 50229 Wl Sy Ll DY plusal Lie
45in2.29=4(0.7513) =3.0092 =3 1l

229 5085 ga 530 (sa20 o) 3V ol il

Wt 5

) phaded Gz Adalaadl oo o &) bl plsed s
Agthadl del Ly ol W1 OF g = o i)
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(E) Equation contains a multiple angle
s Y i) dstaall Jo 135 4 pows Plas
Solved Examplel3.5: Solve:

cos2x-3sinx+1=0
:J’d\

cos2x~-3sinx+1=0

(1-2sinfx)~3sinx+1=0 105 2K e au eadly
—-2sin’x-3sinx+2=0 (=) P Dolaadl i
2sinfx+3sinx-2=0 W 08

2sinx-D@Ginx+2)=0

2sin=1=0 dolaall oy
sinx=llg

x=m6 § x=5m6

sinx+2=0 dslaadl 09

sinx=-2
b IS -1 sinr <100 G Dolaal) Jor gy Y
X=6 3 56  9a Lglhall Poleadl |- O Sy
Uigpt ladi Jodid S¥alae (F)
(F) Equations containing half angles

i Y ) Bstaadl Jo 136 A phowe Uls
Solved Examplel3.5: Solve:
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4sin® (‘fx =1
:J2d!
4 sin? (Ya)x = 1
sin? (V2)x = Vi 4 Je Dolaadl B b Loy
sin (Y2)x = Vs
0<x<2m 15 dl I OS5 Lalaadl w¥slaal Jo 3 Dglhaoll x o
3955 Gl JUaadl 5 Bokaad) Jo 5 dygllaall x dad Ofs SIS
| O M <mis pdll J Vs
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sin (‘/x = /2 ('1) x= /6 and 576
x=r/3 and x=5x/3
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Acute angles salad | Uiyl
Adjacent side JYIFo) cL.aJ\
Air navigation G 9! - Dl
Amplitude ial

Angles and applications
Llidaiy Ll
Lol ds

Approximate numbers 4wy 2l slas i

Angular velocity

Arc length el J b
Area of a sector t_UniJl il
Area of a triangle Szl i
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Basic relationships and identities

lilhzadly 1l Y b Yl

Bearing Sl elo I
(©

Circles Sladl

Cofunction i@l ,adt Jlg i

Complementary angles
Lolzzal) Llgj
Components of a vector aszall &S 50

Conditional equations

ib at o¥slaall

Coordinates RAREES
in a plane Syaadl g
on a circle JEUNPTS
on a line b Je

Cosines rl.u]l e

Coterminal angles dgylaxe Llaj

(D)

Degree da- )

Depression angles o2l Ll

Directed line Als ‘.._.a.....

Distance of P P Jda

(E)
Elevation angles gl gy A TS
Equations I FYPNY
(F)

First quadrant angle ~ J oY & S &l

Formulas Juled
addition of angles Lig i o
area of a triangle KRN P
double-angle Lol P Ciad
half-angle Gl Chas

products of sines and cosines

subtraction of angles

Ll 2 b
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sum and difference of sines and
cosines
pladl oy o) G,y pasdl il
(G)
Lol Ll
Given function value angles
) Ll dad
Graphs Oliacall
(H)

General angles

Hoﬁzontal and vertical shifts
Ll Sy i@ W jalall Jas

Hypotenuse A9l
(D
Identities A FATON)
Inclined plane Pl (s ginad
Inverses of trigonometric functions
LSl Zalaad J1a !
(L)
Law of cosines rl.u.ll aar il g9
Law of sines ] il 98

Line representations

pkiamad| Bl e

(M)

Measures of angles Ligl juld
Minute iids
(N)

Negative angles

LI L1yl

Number scale ddall julada
(0)
Oblique triangles Wt olaledd|
Omega )l sdall
Opposite side Jrlaall t\..'a.H
Ordinate |
Origin Joo Yl
(P)
Periodic functions Gy dd) Jinall
Plane angle i g 3l
Practical applications {des ooliodes
Principal-value range
Sl LY
Pythagorean relationships
)98l olidle
Q)
Quadrantal angles Loy Lls;

Quadrant signs of the functions
Jhall L )l ol
Quotient relationships
dawdl) s N
(R)
Radian SAb
Radius vector of P
dhil 5 bl Civa amiall
Reciprocal relationships
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Rectangular coordinate system
& ) oSl Yl oL

Reduction to functions of positive acute

angles
olod| Lo gad) Lo Jlodd ,Lazs Y
Reference angles Lomaiad| 151
Resultant dasall
)
Simplification of expressions
r JUUPL ) PO
Sine . Ve
Sine curves | Oolina
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Trigonometric equations
Lzl o¥slaall
Trigonometric functions of a general angle
Ll Glg sl Lalzadl Jlg

Trigonometric functions of an acute angle
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Trigonometric functions of two angles

sl dtladl Sl
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(V)
Values for functions Jiadl Led
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