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H

Radius = 1

Appendix C
Basic Trigonometry

Unit Circle and Formulas
K { G Radius=1
a AF =AB =A4AH =1
a = angle BAC
D 0 = angle ABC
BXAE
0 sinea = BC =1/csca
r cosinea = AC = 1/seca
y tangenta = DF = 1/ cota
a X cotangenta = GH = 1/tana
} C F secanta = AD = 1/cosa
cosecanta = AC = 1/sina
versinea = BE =CF =1 —cosa
coversinea = BK = HL =1 —sina
I exsecanta = BD = seca — 1

coexsecanta = BG = csca—1
haversinea = Y% versa
chord a = BF

chord 2a = 2BC = 2sina

Hypotenuse of a = AB = r; Adjacent Side = AC = x; Opposite Side = BC =y

sin a = y/r = cos 6 y=Jr+x)(r—x) = Vrz—x2
cos a =x/r =sin 6
tana = y/x = cot 0 x=Jr+y)(r—y) = Jrz—y?

cota= x/y = tan 6

seca=71/x =csc6 r= x%+y2

csca=r/y=sect

versa= (r—x)/r=1—x/r = covers 0
exseca=(r—x)/x =r/x —1 = coexsec 0
coversa=(r—y)/r=1—y/r =vers @
coexseca=(r—y)/y=r/y—1=exsecH



Basic Trigonometry

B. Right Triangles

A C =90°
Given To Find Formulas
A sind =a/c
B cosB =a/c
a
Area 7\/C2 — a?
ab c Va2 + b2
A tanA = a/b;cotA =b/a
B tanB = b/a;cotB = a/b
Area %
2
A, a b acotA
c a/sinA
B 90°— A
2
Area a“ cotA
2
A, b a btan A
c b/cos A
B 90° - A
2
Area b“tan A
2
A, c a csinA
b c/cosA
B 90°— A
c?(sinA)(cosA)  c*sin2A
Area 2 4
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Appendix C

C. Oblique Triangles

. a b c
Law of Sines: — = —— = —
sinA sin B sinC

Law of Cosines: a®> = b? + ¢c? — 2bccos A

b?+c?—a?
C or cosA = T
Given To Find Formulas
ab. c A B.C Law of Cosines: sin %24 = /(s_b;#
Using cos oA = %
. 2,/s(s—a)(s—b)(s—
s=%(a+b+c) sin4 = ‘/Habi (529)
Note: For angles B & C, make appropriate substitutions in
these formulas.
Area Js(s—a)(s —b)(s —¢)
a,A,B b Law of Sines
C 180° - (A + B)
c Law of Sines: M
sinA
2 . .
Area a“sinBsin(4 + B)
2sinA
a, b, A )
B Law of Sines
C 180° - (A+ B)
c Law of Sines: M
sinA
a,b,C Law of Cosines
c .
B b — (acos()
180° - (A+ ()
Area YLab sin C
2 . .
A.B,C.a Arca a“(sinB)(sinC)
2sinA

Revised August, 2024 C-3



Basic Trigonometry

D. Intersection Problems

1. Case | - Adjacent unknown distances

C (N, E)

Given: To Find:

1. Bearing of lines AB & BC 1. Distances AB and BC
2. Coordinates of pts A and C

3. AN = Difference in Northings = N¢ - Na

4. AE = Difference in Eastings = Ec- Ea

Formulas:
AB = (AE)(cos BCS)i;(QAN)(Sin BC)
N
BC = (AE)(cosAB)'—(AN)(sinAB)
sin 6
sin (+) sin (+)
cos (-) cos (+)

NOTE: Observe all algebraic signs of the functions
AN and AE. Signs of the functions are determined by W E
the quadrant of the bearing used in the calculations.

sin () sin (-)
cos (-) cos (1)
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Appendix C

2. Case Il - Unknown distance and adjacent unknown bearing
(The intersection of adjacent sides of a traverse or of a curve and a straight line.)

AN, E) AN, E)

~%Dist. =? "C(N,E)

~
-~

h“

Given: L To Find: L

1. Bearing of line BC 1. Bearing of AB by solving for 6
2. Distance of AB 2. Distance CB

3. Coordinates of pts A and C

4. AN = Differences in Northings = Nc - Na

5. AE = Differences in Eastings = Ec - Ea

Formula:

__ (AE)(cos BC)—(AN)(sinBC)
- AB

sin @

See note on page C-4.
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Basic Trigonometry

C-6

3. Case lll - Two adjacent unknown bearings
(The intersection of two curves or adjacent sides of a traverse.)

Given: To Find: L
1. Coordinates of pts A and C 1. Bearings of AB
2. Distances AB and CB 2. Bearing of CB
Solution:

1. Inverse between pts A and C to find distance AC and Bearing AC.
2. With all three sides known, use the Law of Cosines to solve for angle A or angle C or use:

S(S—CB)
(AC)(CB)

U ,S(S—CB)
cos oA = a0

Where S = %(AB + CB + AC)

cos LA =

3. Solve the other angle of the two (A or C) by either the Law of Sines or the Law of Cosines.

. AB .
sinC = —sind
CB

. CB
sin4d = —sinC
AB
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Appendix C

4. Case IV - Two unknowns, non-adjacent sides of a closed traverse

B

Since any closed figure is a closed traverse, the positions of the sides can be rearranged to
make the two unknown sides adjacent, as shown in the above figures. Make these two sides
the last two traverse courses. Solve by:

1. Case I, if both unknowns are distances.
2. Case II, if one unknown is a distance and the other is a bearing.
3. Case III, if both unknowns are bearings.
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