PERIVE

Trigonometry:

Devrivation of Formula!
Sum and Difference of Two Angles
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(TRIGONOMETRY —

FORMULA SHEET )

Eunctipns of Right Triangle  Half Anale Formufas Triple Anale Formulas Angle Meacurenient
g PPOSItE a0 [1-cod sin3x = 3sink - 45inx 360°= 21
= upotEnise © Sino = - 360° = 1 revolution
hypotenuse ¢ 2-) 2 cos3x = Acos x - 3 3600 = 400 grads
Jtanx- 4tan—x 3460° = 6400 mils
cosf = Sy 2. = {cah) 8 1+ cosP RS 1-3tandy
hypotenuse ¢ cos = Z Area of Triangle:
, Eor Oblioue Triandi
= ﬂppn“‘u = E = Givien b‘ﬂf‘ b and altitude h
fan adjacent b tia} 8 |1 —cosh Sing Low A = 1bYK)
M“E & j :ﬂj& a = h = <
cazs hypotenuse ¢ ko sinA sinB sinC Given two sides a&b, jneluded
" opposite A : 2 T angle 8
l P ”u Pownrs of Functions Cosine Law A 2 lla)bYsinE)
WPoEEnLSE E _ . _ 1-c052x ar = bty g2 zbuﬁ,ﬁ
g% adjacent b Gha)  sin®x = =55 3 Given 3 sidas a,b.c (Heron's
adjacent b (2, = 3rcos2x b2= a% ¢ - 2acc0s8  Formula)
= ———= COsTX = —=— =
ot gt —a ) i e = %+ b2 — 2abeose Jis]{‘:-ﬂ}tf-b}rs-:y
Phytagorsan Theoram ~ tan”x =:ﬂ%
Y T ) i Tangint LOW  Given 3 sides AB,C and one
sin>x = Z(3sink-5in3x) A -8 sids a:
Phytagorean Relatjons 2 o= b
" " o 4 - * % s
sin? 84 cos20 =3 wk —fffﬂi'—"x"z"ml " hhri"_% ) ﬂ’g-;ﬁmf
. 4 = 3 - 4
tan?8 + 3 zsec2 @ s -ﬂ:mx*m‘ ) 5;- ¢ _t“‘fﬂﬁl Medio of Triong!
eos¥x = {eosaxrieos2ne3) T8 tanry—i—} -3 t2ci g2
cot? 8+ 1 zeec?B ? ez
= 1
Sum & Difference of Tio Anales Sum & Difference of Functions €= @ .”'“E;LE_A'} ms = 3207 42c3-b2
c+ra r A
sin{xsy) = SinXCOSY + CORMSny  Sink + Sing = Mn{%ﬂ}tﬁ(w—?-} @ M = ;Jznl +2bc3
Sinfl-y} = sinke0sy - cOoRSing L sing = kﬂ%ﬁ}ﬁ#} ! Altitude of Trinngle.
cp,{:;.g] 2 cosxcosy - ﬁl'\.ﬁ;hg ﬂElﬁ!!ﬂfi.ﬁﬂﬂﬂiLﬁ.J. - ﬂ
5 a
cos(x-y) = cosweosy + simysing T T O T hﬁ%ﬁh%ﬁ} a-b "“{Te'} R
¢ cos($) ap=
tan(urg) = §opr gt cosx - cosy = -2sin(ghsinC70) 2 E3
aeb ot _ 2AT
bany - o Sn{xry) e 2 T
tan(x-yg) = Wﬁuﬁyi tanx + tany = Coxcosy sin(%) Length of Angle Bicector
tany - ta o M 2
Double Anale Formulas "9 * comeosy Acute apgle: angle < 20 b, = m.‘bﬁf"ﬂ}
. ; Right angle: angle = 907
Sindy = 25inxeosk Obtuse angle: angle » ad* 2
cos2x = £o5ix - Sinix Product of Functions Straight angle: angle = 280°  by= ) aes(s-b)
comay = 3 - sl Sexeosy = ;{n‘ n(xeg) + Sin(x-y)] Reflex angle: angle > 907
2e052 instSing = 2 5, (semi’ perimeter) Larbe b, z aby(s-c)
cos2x = x-3  sirsing = Fleos(x-y) - eosfury)] 5 (a+b)
- 2tany , ; .
tan2x = - cosxcosy = %[““f’“ﬂl + coslx-y)] Complementary angle: are angles whose sum js 90°

Supplementary angle: arc angles whose sum is 3807
Explementary angle: are angles vhose sum is 360°

Engr. HB



[ TRIGONOMETRY — FORMULA SHEET )

intersection of medians — "centroid” Obligue Spherizal Trianale The secret triaomometric functiond!!
c

intersection of altitudes — "orthocenter ]

intersection of angle bisector — “incenter”

Phytagorear Triple Gonerator!

a= e =ps

b= 2mus

€= s g opd

Such that abe is a positive integer “:"‘_: = 5%!' = “-_E_‘
cpl :_“ }[r}}.a | Low of Cosines for Sids
180°< (A + B + C) < 540° cos a = (cosbeosc) + (sinb¥sinc)eosA) varsing = 1 - cosl
Arka 6f vadius R cos b = (cosa¥cosc) + (sinaXsineXcosB) vircosd = 1 + cosh
an 1® RAE cos ¢ = (cosa)cosh) + (sina)sinb)cosC) covarsinB = 1 - sinb
P 180° i i covercosd = 1 + sinb
pharica Fe Law of Cosines for Angles - ¥
E=zA+B+C-180° cos A = ~(cosBYceosC) + (sinBYsinCYcosa) : m: *
axcseld = celf - 1
- J*“ S, 5o sh s 0587 {eosANensO) ¢ (ANsinOeosh)
-= v B — A — i — varsin® = -c
"% 2T e = -{eosAXcosB) + (sinA)sinBYcose) ™ E it
a+b+e¢ haverces® = (1 cosfl)
where s =22 Mapier's Analoaies 1’: '
Spherical Defect = 360°~ (a + b + ) hacovarsing = {1 - sinf)
L _ : ; ﬁ-{%—ﬂ} hn{‘—i—!’) 1 :
3 wypnute of arc = 3 nautrical mife - hacovarcosh = I{i- # sinl)
3 nautieal myjle = G080 feet fin( Z ) Mi}
1 statute mile = S280 feet mq:s-_i_ﬂ]- tm{“—i‘—g«’)
3 knot = 3 pawtical mile per hour cﬂ%—ﬂi tan(s)
Riakt Spharical Trianale s N‘,aib) -~ "(A.i 8
sin(33%)  eot(S)
EU!{E'%E'} tﬂﬂfﬁi—ﬂ‘} Tamgrnt ¥t han Comrvaiil §ue (inn

r.ﬂ'-‘("T" b} cot(x) ™ -_.i T M-..I._ ;

produce of the cosines of its opposite parts. . 2

e, -
R,
_‘

L I | &
!l-li_qu

A

SIN-TAAD rule
The sine of any middle part is equal to the Secass Tuncren ot
product of the tangents of its adjacent pﬂrts.l,f — [t
SIN-C00P rula | U*— E—l : — .. r.j,. ..\.
The sine of any middle part is equal to the "~~ / . l ‘
i
|

PERENERINEI Y [ ——
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TRIGONOMETRY:

DERIVATION OF FORMULAS:

/

[ DERIVATION OF SINE LAW }

simA _sinB _sinC
Q b C

[ DERIVATION OF COSINE LAW }

¢2 = a2+ b2 — 2abcosC
b2 = a2+ ¢2 — 2accosB
a2 = b2+ ¢2 — 2bccosA

[ DERIVATION OF TANGENT LAW J

a-b fﬂh(Aj——B)

b=C

a+

tan(25 B)




DERIVATION OF SINE LAW }

Consider this oblique triangle with
angle A.B,C and side a,b and ¢

For this triangle:

sin 8 = h_PE
yp
c hi . h A ]
sin A = =
A c
1 = (sin A)(c) ~ Eq.1

For this triangle: Solving Eq 1 and 2 =
sin @ = Lﬁ (sin A)(€) = (sin C)(a)
h sin A _ sin C
1 TR i B Qa - C
hy = (Sm C)(a) Eq.2
For this triangle: For this triangle:
" _opp
sin 8 = hyp sin 8 = hap
Sin B = — A Sin A = b
i ;
(sm B)(a) (sin A)(b)
Eq.3 Eq-4
Solving Eq 3 and 4 (Sin B)(a) = (sin A)(b)
sin B sinal / [sinA_sinB_sinc

b -~ a |7/ a4 "~ b "~ ¢




DERIVATION OF COSINE LAW }

Consider this oblique triangle with
angle A,B,C and side a,b and ¢

. _opp
B sSin 9 = F‘S—P
h, a sin C = By
h, a
c a 1 LEN R, = (sin C)(a)
b, — Sauiy
cosB = %
A £ T c bi
¥ b:‘.'./ 1 b, s cos C = =
Vs b b, = (cos C)(a)
\ - Sy
By Phytagorean Theorem:
¢z = (b)? + (h,)? but b = b, + b,
& hi ¢ = (b - bo)y* + (h:)?
h, = (sin C)(a) b, = (cos C)(a)
A [ ¢ = (b - acosC)? + (asinC)?
by ¢z = (b — 2abcosC + a*cos?C) + a2sin?C

c2 = a2c0s?C + a*sin2C + b* — 2abcosC
By identities: Sin* + cos* = 1
¢ = a*(cos?C + sin?C) + B* — 2abcosC

€2 = a%*+ b2 — 2abcosC
b2 = a%+ ¢ — 2accosB
az = b2+ ¢2 — 2bccosA




[ DERIVATION OF TANGENT LAW }

a-b_ tﬂn(A B)
a+b tﬂn(A ZB)
. : . sin A_simnB_sinC
By Sine Law: a b ¢
Sin A _ Sin B e Wi (b)sin A
a b sin B
_ (b)sin A e a—b-blnA _
a—b- sin B b ‘ ( n B )
n_l_b:(b)s'ﬂA b —_— ﬂ+b b(i;ig-l—i—)

sin B
b(’ sin A 1) (Sflﬂ. A ) (Sl'h A - sin B)

a- i _/ 'sin B __‘sin B . sinB_
a + Sin A sin A sim A + sin BB
ﬁ(sm B ) (sm B 1) ( SinB3 )
a-b (s:nA—SmB}
a+b ‘sin A+sinB
; _ + B - B
34 Sum & Diff sin A + Sin B = ZSIH(AT)CDS(AT)
of Functions: ; C : e
“in Sin A —SiIn B = ZCGS(M)SJH(A—B)
/ + B A B
a-b fs:n A - sin B 2505( 7 )sin ( )
a+b sin A + sin B ,'Zs;n('A e B)cas (A B}

b

/’\ilb-wt(

b/m“(A,;B)) b-c_tﬂ"(B;_lc) c—a_tﬂ“(c A
b (tﬂl'l(A‘l- b*“"_(tan(B;c)} c+a (tﬂn(C+A))




Derivation of Formula

Sum and Difference of Two Angles
Draw a right triangle with sides e Make a straight red line from point d
(1] a, b, ¢ and angle A perpendicular to the side ac
b
d

Draw another right triangle with ppa =
sides a, d, b and angle B, starting at

point b making its adjacent the 04 Project a red line from point b
hypotenuse of triangle abe perpendicular to the straight line d-e

d

DERIWVE




Derivation of Formula

Sum and Difference of Twe Angles

Let this figure be our basis on formula
derivation:

d
A
5
F]A b
g
B2
A :
a > ¢

opposite
adjacent
Sing = :;::; .opposite = (hypotenuse)(sind)
cost = fmioren . adjacent = (hypotenuse)(cosd)

DERIVE

For triangle fdb, ,
adjacent
F

opposite

6= A

opposite = (hypotenuse)(sind)
opposite = (SinB)(sinA) = SinAsinB
adjacent = (hypotenuse)cosd)
adjacent = (SinBY cosA) = sinBceosA
Thus, triangle adb will become:

d

sinBeosA




Derivation of Formula

Sum and Difference of Two Angles

Let this figure be our basis on formula
derivation:

&

opposite

adjacent
. p __Opposite it otenuse)si
sind Fo ;opposite = (hypotenuse)(sinb)
adjacent . o
cosh = Rgpot .adjacent = (hypotenuse)(cosd)

DERIVE

For triangle adb, let ad = 1 (hypotenuse)

d é=8
Y .. opposite = (hypotenuse)(sind)
/]1 o opposite = (1)(sinB) = sinB
gt

adjacent adjacent = (hypotenuse)(cosd)
adjacent = (1¥cosB) = cosB
d
Thus, triangle adb will become
sinB
a2 == ‘b
For triangle abe, :
o 8= A
o ite = otenuse)(sing
o2 Eoposite ﬂPFH_ (hyp _ Ksing)
A cpposite = (CosB)(sinA)
% adjacent adjacent = (hypotenuse)(cosd)

adjacent = {cosBYcosA)

Thus, triangle abe will become: d
/I: CosBsinA
R .
a b

cosBcosA

Engr. HB




Derivation of Formula

Sum and Difference of Two Angles

Let this figure be our basis on formula
derivation:

&

opposite

adjacent
. p __Opposite it otenuse)si
sind Fo ;opposite = (hypotenuse)(sinb)
adjacent . o
cosh = Rgpot .adjacent = (hypotenuse)(cosd)

DERIVE

For triangle adb, let ad = 1 (hypotenuse)

d é=8
Y .. opposite = (hypotenuse)(sind)
/]1 o opposite = (1)(sinB) = sinB
gt

adjacent adjacent = (hypotenuse)(cosd)
adjacent = (1¥cosB) = cosB
d
Thus, triangle adb will become
sinB
a2 == ‘b
For triangle abe, :
o 8= A
o ite = otenuse)(sing
o2 Eoposite ﬂPFH_ (hyp _ Ksing)
A cpposite = (CosB)(sinA)
% adjacent adjacent = (hypotenuse)(cosd)

adjacent = {cosBYcosA)

Thus, triangle abe will become: d
/I: CosBsinA
R .
a b

cosBcosA

Engr. HB




Devrivation of Formula

Sum and Difference of Two Angles - .
Thus, it will become: Sk
d 2 o -
2N . For triangle aed; -
- SinBeosA L]
90 -
s
rB b 0= A+ B / cosBsinA
A, e
g . P
cosBSsinA
b COSACOSB - SinASInB
A e c
P = opposite
, SinAsing sin@ = Lypotenuse
cosAcosB : :
.f Sin(A + B) = SinAcosB ; ﬂnEcosA:
cosAcosB - sinAsinB - - -
. . ‘ sin{A + B) = sinAcosB + SinBeosA
For a regular right triangle; we have:
g oppose_ —
sin = hypotenuse ' hypotenuse
cpposite opposite = (hypotenuse)(sinf) CoS(A + B) = coSALOSB - SinASInG
S adjacent . 1 ¢
adjacent €05Y= hypotenuse ’ ‘ cos(A + B) = cosAcosB - sinAsinB ]
DERIVE adjacent = (hypotenuse)(cosd)

Engr. HB



Derivation of Formula

Sum and Difference of Twe Angles

For tangent function;

_ Sin{A + B)
tan{A + B) = zos(A + B)
tan(A + B) = SinAcosB + SinBcosA

COSALOSB - SinASInE °
Divide all by *cosAcosB";

sinAcosB  SinBeosA

tan(A + B) = [ocAcosB * cosAcosB

For difference of 2 angles,

Let B = -B and note that sin(-B) = -5inB
cos(-B) = cosB and tan(-B) = -tanB
Thus

sin(A - B) = SinAcosB - sinBeosA"/

cos{A - B) = cosAcosB + SinASinB "/ |

tanA - tanB "
1 + tanAtanB

tan(A - B) =

cOSALOSB  SinAsSinB

coSAL0SB ~ coSALOSB

tanA + tanB
1 - tapAtanB |

F,

tan{A + B) =

DERIWVE

Summary!

Sin{A + B) = sinAcosB + SInBcosA
sin(A - B) = sinAcosB - sinBcosA
co5(A + B) = cosAcosB - SinAsinB
cos{A = B) = cosAcosB + SinAsSinB

. tanA + tanB
tan(A + B) = T ianE

tanA - tanB
tan(A - B) = T A ianE

Engr. HB



[ RIGONOM,

TRIPLE ANGLE

=TRY

(DENTITIES

DERIVATION OF FORMULA

¢ ein(30) > 3cinB - 4ein'g

* Cos (31) = 4eos’% - Jeost

. '."'ﬂfQ‘E) —

Itant - 5 ¢

] - s‘hﬁh"'ﬂ'

¥
v

v

Engr- HP




3fant - +an’d

Prﬂ'fff +|"'|ﬂ'l’ 'hill"l (:3'&> =

| = 34an'®
Let +an(3p) = tan (¥ + 28) Lot + FonB
From double @rgle (denhhies h"(ﬁ-w): | - +and+anP
L4 A= O, B=11
tant § Tanzt
¢ Aan (81 26) 2 | - +onf tan2d
Frim DAl 5 tun2g= _Ztor®
|- +ant g
- Fan(bt o) pant ihhjﬁ
e hn#(“""ﬁ 0
(—tan*t /
tanf (- hxn"ﬂ) + 2 tan€
- fan"
(- a8 - banp (2tant)
I~ fan G

o fanb- +ab + 2tan
[- +an’f - 24an’t
. 3tanf - tan'l
| = 3tan*b
hn(;a):, S tang- +an? @
|- 3+an*# /

V.
74




PF{JFL ‘Hﬂﬂ-f- Co4 [Jﬂ'}:— 4@;1&— 3[9.:'5’/{/
Let coc(38) = cos(t t 28)

Frim dﬂhb‘]ﬁ -ﬂh‘fj',-ﬂ-' { den %'ﬁef;, cor A +E) : CotpeosP - OnArin B

LEHF" ,‘-”-.‘-‘ 1 “, B =2zt
Co¢ [Hr + 24#) = Cortt Cos28 - (inteinzg
Eu+t 3 Cos 28 = tos@-sin* @ £1n2l = Z0inB s B

nﬁ"l"l i foJ (B‘ | ﬂﬂ) = Loxfl (EE.'F?"E""!FHE#)— IfﬂﬂC?{J‘Hﬂ{,gjﬂ)
!
z Cos’f - Lin*coud - 2¢in*Proc

; Sttt intf s (- peH

<~

= “513 - CI’- WJ‘E*-)LMH- Zcr'-cp;'*ﬁ)tasﬂ

Cﬂ&‘g - ﬂuﬂf{.&:’ﬁ-— E.Dﬂ_{ﬁ*fvﬂtn:?ﬁ
= 4eos?l - Scort

[ Cos(30) = 4eos®f - 3cos @ ff/
. ;/




Prove +hat dn(30) = Beint - 4ain’8 )
Let win(30): «in (B + 2ﬂ'>

Frem dﬂhbfﬁ- ﬂhﬂlﬂ- idenh+ies - »rin(A-fB) L Beac P +cosBenB

Let A=¢8 , B:=28

J I (:35’)5 i.flﬂfﬂ' +£-9)= Ot Cos?2d + coifainat

Butr  Cor28 = |-2:in29 and I8 Deind corf
Tlf'-‘ﬁﬂ;‘ Cln (@ +20) = €inf(i- 20°6) + ot (:Z-rinﬁws;ﬁ?')

2 8- 2¢m*d + 2¢Tndiost®
Bu+ Jt 4 ¢ - ; Coc*F= |- uvine

!

Thew - - Smt — 2ol + En'nﬁ“(l-il'h‘ﬂ>
= Ginl - 20?8 + 200 - 2em’l

= 3¢inkt — 4em’p
Sin(38) = 3sink - dein’tr /, /

e

Ehgr- HP



DERIVATION - LENGTH OF ANGLE
BISECTOR OF TRIANGLE

ation 3 will
ac, ab ac_ ab
blib+cﬁ + cﬂm = {ﬂ)(bal i {m} fm})
ab’c abc? 22be

vl Ol ey
(abc)(b+c) _ A2ba

b+ (@) (b> W}

((b+c)-a)((b+c)ra) N

b2 =be( Bro)2
2 . f(atrbic)atrbic-2a)
b2 =bel A

Buta + b + ¢ = 25, Thus:

b2 =bc [(a+b+c}(ﬂ+b+ﬂ—2ﬂ)

(bie)2 ]

(25)(25-24)
(b+c)2

_ (be)(2s5)(2)(s-a)
(b+c)2

b2 4bes(s-a)
o (bre)2

B 2 4bes(s-a)
] (bre)2

2
be = Gray o559

b.n'z = bﬂ[

b2

ba = (%c) chs(s—a)

o= (:w)\] acs(s-b)

be = Carpp 2550)
where s, (semi perimeter) :mzﬂ:
Engr. HB



[ TRIGONOMETRY: )
| DERIVATION OF FORMULAS:

DERIVATION OF MEDIAN OF TRIANGLE

W, m, = %szz +2¢2-a2
c 4 b —
.1 2 Lop2_
/w/ my = 5202 +2c7-b2
M, T
) 2 R m, = EJzai +2b2-¢2
2 " 2 ;

[ DERIVATION OF ALTITUDE OF TRIANGLE ]

2A
%= "5
2A
=g
2A
a.ﬂ: cT

[ DERIVATION - LENGTH OF ANGLE BISECTOR OF TR:ANGLE]

s 2
2\2 —\ -
b 2
b A N\ ¢ : —
b0 b, T
/ B 5
¢/2 B/ = S
C , - ,.*’B b, (@+b) abs(s-c)

INDERVERER. o o



DERIVATION OF ALTITUDE OF
TRIANGLE

The altitude of a triangle is the line
A drawn from one vertex
perpendicular to its opposite side.

The altitudes of a triangle intersect
at a common point called the
“orthocenter’.

B C orthocenter

Let Ar = area of the triangle
Given base and height, area of triangle = A+ = Y%(base)(height)

At = f‘i’-(b)(h)
At = 2(a)(aa)

2A
2A
a, = ° bT
2A
i~ g+

Engr. HB



[ DERIVATION OF MEDIAN OF TRIANGLE J

The median of a triangle is the line
drawn from one vertex to the
midpoint of its opposite Side.

The medians of a triangle intersect
at a common point called the
“centroid’.

centroid

For this triangle:

I«2+(x+g_—)2:bl
b
h=+(x2+ax+%)=bz

h1+(x1+ax+i—z}=b2
—

(g ax ) =t
ﬂz
mf+$—ax=c'1

P+ e*=2m2+ ;—1

2m2 = + ¢* - ;—1

oz = 20 +22¢1— a2
R 26> +42::1—122

m, = —;—\/sz +2£2-a2

mp = %\/ 242 +2.0%-b?

a=ﬂ

m, = %Jzaz +2b2-¢?

a+b+c
2
Engr. HB

where S, (Semi perimeter) =




|

DERIVATION - LENGTH OF ANGLE

]

BISECTOR OF TRIANGLE
A The angle bisector of a triangle is the line drawn
from one vertex to the opposite side bisecting the
2 angle included between the other two sides. The
b angle bisectors of a triangle intersect at a point (s
b g € called the “incenter.
Lrs b, b3 Let b, = length of angle bisector for side a
C L~-C/2 B 5 cos &' = —cos 8 (Supplementary)
£~ m— h f: ) a=m+n —s An=a-m
. 71 iIncenter s= (g1 b+ ¢)/2 = semi perimeter
a+b+c=2s
By cosine law: bn + ¢?m = (a)(b,? +mn)
A L Eg.3
b 2 0% = g - 2mpcost MMQF_&
b, P =m?+ b2+ 2mb,cosl| b and ¢:
C 8 | Eg.1 By Angle Bisector Theorem:
e | m n
b ¢
By cosine law: =
2 = 1P - b(a - w)
b c ¢ = n? + b> — 2nb,cosb c e
a me = ba — bm
6 3 \—bEQ-Z me + bm = ba
n m(c + b) = ba
ultiply Eq. 1 b b m = b
m then add: ﬁ/
Eq.2 clm n2m + b2m — 2mnb 650 n=a— m "a—m
Ef:‘--'f- b*n = w?n + b2n + 2mnbcos8 _ab + ac - ab
P+ 2m = P+ B0+ P+ BAm bic

P+ ¢*m = b m + n) + mn(m + n)

Bn + ¢*m = (m + n)(b,2 +hn)

2;%%

Engr. HB



[ Spherical Trigonometry

Spherical Triangle

vertices.

The area of a spherical triangle with radius R fs:

is a figure formed on the surface of
a sphere by three great circular
arcs intersecting pairwise in three

' The sum of the interior angles is greater
than 180° but less than 540°

‘18&9-{'(A+B+C){5'405|

T R*E

A:

180°

Where E (S the spherical — 3| E=A+B+ C - 180°

excess in degress and is

or

given by:

(a + b+ ¢)
2 4

where s =

2

s-b
o

E s-a
tan— = Jtﬂn tan—tan—tan —

‘ Spherical Defect = 360°- (a + b + ¢) ‘

In spherical trigonometry, earth is assumed to be a perfect
sphere. One minute (0° 1) of arc from the center of the earth
has a distance equivalent to one (1) nautical mile (6,080
feet) on the arc of great circle on the surface of the earth.

Oi minute of arc = 1 nautical mile
O 1 nautical mile = 6080 feet
Q 1 statute mile = 5280 feet

Q:L knot = 1 nautical mile per hour

5-C
2

Engr. HB



[ Spherical Trigonometry }

Oblique Spherical Triangle c

sina _sinb _sinc

Law ﬂF Sines : A -— B " - c—

Law of Cosines

for Sides

Law of Cosines

cos a = (cosb)(cosc) + (sinb)(sinc)(cosA)
cos b = (cosa)(cosc) + (sina)(sinc)(cosB)
cos ¢ = (cosa)(cosb) + (sinaXsinb)cosC)

cos A = —(cosBXcosC) + (sinB)(sinC)(cosa)
cos B = —(cosA)(cosC) + (SinAXsinC)cosb)

ade o cos C = —(cosA)cosB) + (SinA)(sinB)(cosc)
Napier's Analogies
sin(A 5 B) tan(@ 38 | |sin®5 Y tanA 5 B)
sinA 2 By tan(3) sin(2% P by cot(S)
cas(A =By tan(@ 5 by cos(2 by tan("‘; By
ms(¥) | tan(%) cos(“ * b) cat(%)
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[ Spherical Trigonometry J

Right Spherical Triangle

K
Where: B
c

SinE — COSINE EPPGSHIE.\

Napier's Rules

Naprer‘s Ctrc!'e

ln Napier's Circle, the sides and angle of the triangle are

written in consecutive order (not including the right angle),
and complimentary angles are taken for quantities opposite
the right angle.

—A
B

qon -

/ sing — tangent adjacent

SIN-COOP rule

SIN-TAAD rule

The sine of any middle part is
equal to the product of the
cosines of its opposite parts.

If we take "a" as the middle
part, its opposite parts are
¢ and A, then:

sin a = (cost)(cosA)
sin a = cos {(90-c)cos(q0 - A)

sin a = (Sin ¢ )(sin A)

The sine of any middle part is
equal to the product of the
tangents of its adjacent parts.

If we take "A" as the middle
part, its adjacent parts are
b and €, then:

sin A = (tan b)(tan )
or

cos A = (tan b)(cot ¢)
Engr. HB



[ Pythagorean Triple Generator J

a% + b2 ={(m2 — n?)2+(2mn)2
={m* — 2m?n? + nt) + 4m?n?
= (Mm* + 2m2n2 +nt)
= (M2 + n2)2
={e)*

Thus; a2 + b2=¢c2

Example

Given mi = 3 and n = 2
a=m? —pnr=32 _22=§
b =2mn = 2(3)(2) = 12
c=m? +n?=3%* +22= 13
Thus (a,b,c) = (5,12,13)
52 + 122=132/
[(5.22.43) 5 &
Phytagorean Triple!!
Given m =4 and n = 3
a=m?2 —n2=42 _32=7
b = 2mn = 2(4)(3) = 24
c=m? +n*=42 +532=25
Thus (a,b,c) = (7,24,25)
72 + 242 =252 /

(7,24.,25) s a
Phytagorean Triple!!

There are 16 Phytagorean
Triples with ¢ £ 200

(abcy (34.5)
(5,12,13)
(8,15,17)
(7,24,25)

(20,21,29)
(12,35,37)
(9,40,41)
(28 ,45,53)
(11,60,61)
(16,63,65)
(33,56,65)
(48,55,73)
(13,84,85)
(36,77,85)
(39,80,89)
(65,72,97)

s i i e it i s i il e o, S e i e s s, e i, e i g e i, i e e e i i ]

Summary
The Pythagorean Triple Generator!
a=m* —n?
b = 2mn
c = m* + n?
Such that a,b,c is a
positive integer
M >n >0
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[ Pythagorean Triple Generator }

A Phytagorean Triple consists of three
positive integers a, b and ¢ such that
a* + b* = ¢* Such a triple is commonly
b written as (a, b, ¢) with the well
known example of (3,4,5).

For instance, the triangle with sidesa = b
= 1 and ¢ =2 IS a right triangle but
(1.,1,4/2) is not a Phytagorean Triple

@ because V2 is not an integer.

Derivation of the generator;
a2+ b2=¢c2 —— b2=¢2-a%
bz = (¢ + a)(c — a)

Divide both sides by (c-a)(b
b= _(c+a)c -a)
(c-a)(b) (c-a)(b)

b _(c+a
((c—a) (b)
Set it equal to hf
) b («c+a m
s T @ n
b m _ |((c-a)_n
(c-a) n b m
) €c+a m
And; O
(C_ a)_ n — £ E—i
o T e

(c+ta)_m _ c. a_m
“n L b'n)
Eq.2
din uation 1 and
c_m2in?
b 2Zmh
Thu A d h
b = 2mn

and

Since b = 2mn

Then a = m2 — n?

a = m* —n?
b = 2mn
c = m* + n?

The
Pythagorean
Triple
Generator!
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The
Pythagorean
Triple
Generator!
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