Trigonometry -

Equations, ldentities, and Modelling Lesson #4:
Solving Equations Involving Muitiple Angies

Warm-Up #1

In this lesson we will be solving equations involving multiple angles. eg. sin 3x = 1.

We will:

« introduce a graphical approach to determine an approximate solution to first degree
trigonometric equations involving multiple angles

* find the general solution over the domain of real numbers

¢ algebraically find the solutions to an equation involving multiple angles.

Warm-Up #2 Graphically Exploring Solutions to Multiple Angle Equations
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Consider the equations cos x =— and cos 2x = — ,, where x is in degree measure,

a) Use a graphical approach to dctc:rmmc b) Use a graphical approach to determine
the solution to the equation the sn]utinn to | the equation
cos x = ——=—where 0 =.x = 360°. cos 2x =— where O sx = 36(]“
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¢) Compare the solutions to the two equations in terms of: X=105° J 7~‘3§
« the number of solutions ‘o\ \»\ce, Cq
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d) Complete the following

i) The general solution to cos x = — ”,,3 is 150" % 3o’ y Ay 3t'n )Y\BI

hich differ
0
%0 degrees because the graph of y = cos x has a period of %0' degrees.

ii) The general solution to cos x = ——

iii) The general solution to cos 2x = ———— will consist of two sets of answers which
. - . 0
differ by 149" degrees because the graph of y = cos 2x has a period of _[§0
degrees.
. : YE N o 1e® T
iv) The general solution to cos 2x = ——>5— is 5"+ thn , (05" HEd A ) Nel
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Solving a Multiple Angle Equation Using a Graphical Approach

T | .3
Class Ex. #1 a) Giventan 2x = «g 3 ,where 0 = x = 2, find the exact values of x usmg a graphical
) approach S R A |..._+__ - .
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b) State the general solution to the equation tan 2x=+/3 . | | ‘ ,| |
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¢) Complete the following statement:

\
The general solution consists of answers which differ by /7- radians
because the graph of y = tan 2x has a period of Vo radians.

Warm-Up #3 | Algebraically Exploring Solutions to Multiple Angle Equations

Consider the equation sin 3x = ——. an X%
> 3 2 W
a) Complete the following to solve the equation sin 3x = =——, where 0 =x = 27

o If x is defined for domain 0 = x < 2x, then 3x is defined for domain_ ) <3x< b0’ 4 4

sin 3x = —= Quadrants_| and L

=

Reference angle =
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b) State the general solution to the cquatinn sin 3x = =

3
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¢) Verify the solution using a gmphmd.l approach.
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3

. . . . 2 .
ﬁ@ * The general solution consists of two sets of answers which differ by — radians because

Class Ex. #2

o

fily

R
the graph of y = sin 3x has a period of "?Tr radians.

Solving a Multiple Angle Equation Using an Algebraic Approach

Use the following procedure to solve multiple angle equations

1. Find the domain for the multiple angle.
2. Solve for the multiple angle between 0 and 2w using the CAST rule and reference angle.
3.

Add the period of the trigonometric graph of the multiple angle to each of the answers
in step 2 until you cover the domain in step 1.

1 b & da LHT
o
a) Find the exact values of x using an algebraic approach where 0 = x < 271, .

) r (Jij&)( = Qg)((% (%7@%;4%‘ x(lz b=]

Consider the equation cos 2x = —

X):’\Y:\jf, nw T ’ = (—\ﬁ.dfb(
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b) State the general solution to the equation cos 2x = —5-.
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¢) Complete the following statement.
The general solution consists of answers which differ by \ radians

because the graph of v = cos 2x has a period of /\T radians.

d) Verify the solution using a graphical approach.

Complete Assignment Questions #1 - #11
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Assignment

I. a) Givensin2x = \T where 0 < x < 27, find the exact values of x using a graphical

approach.

_
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b) Find the general solution to sin 2x =

2. a) Givencot 2v = 1, where 0 = x = 2, find the exact values of x using a graphical
approach.

b) Solve cot 2x = 1 where x €.

—
v 3

2

. . 1 . .
3. Find the general solution to cos x = using a graphical approach.

oy
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W

4. a) Use an algebraic approach to solve the equation sin 2x = O=x=<2n

£ 2

b) State the general solution to the equation sin 2x = —

.

5. a) Use an algebraic approach to solve the equation sec 3x=-2, O=sx<2n

b) State the general solution to the equation sec 3x= -2
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6. Use an algebraic approach to determine the general solution to the
2.3

=

3

equation csc 2x =

7. The graphof y=2cos3x + 1,is
displayed on a graphic calculator,

a) Describe the effects of the
parameters 2,3 and 1 on the
graph of y = cos x.

b) A student was asked to find all the values of  which satisfy the equation

1
cos3x=-7,0=sxsum.
Explain how the student can find these values from the graph above and mark these
points on the grid.

¢) Show how to find these values by solving algebraically cos 3x = ——,0=x = .

1O | —
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- . . .
8. a) Factor the expression 2 sin“ x — sin x — 1 and hence solve

the equation 2 sin? x — sinx = 1 =0 for 0 = x < 2.

v i

. . . | .1
b) Describe how the solution of 2 sin’ (;_\*) — sin (;x) -1 =0,0 = x = 2w relates to the

. P | . _ .
solutionof 2sin“x—-sinx—-1=0,0 =0 s 2x. Find these solutions.

VTGN Y. Which of the following is NOT a 10. If p and g are two solutions to the
Choice solution to the equation 2 sin 3x=0? equation tan Sx = 0.8n , which of the
following statements CANNOT be true?
A. g A. p-g=08x
T
B. 3 B. p-g=nm
4;
C. ?T C. p-g=25n
D. 2x D. p-g=5=n

Mtisstedl 1.  The smallest positive solution to the equation sin 4x = 0.48, correct to the nearest
Response hundredth of a radian, is x = .

Answer Key
n wm Tn 4n f1d 14 m St 9n 13m 11 nr
la) —, —, —, byx=—+nm, — +nn,nEl 2a) —, ,—,— b)x=—+ — neEl
6 3 6 3 6 3 8 8 8 8 8 2
T 11w o 3n 9n llm ) 11 3n
3. x=—+dnw, — +dna,nel 4. a) —, 5= 1) X = —+nn +nm,nel
3 3 8 8 8 8
~ o 2 4m Bn 10m 14w 16m ) 2n 2nt 4n 2nm
5. a) e e L = b) x= it \ + nel
9 9 9 9 9 9 9 3 9 3
14 11 . . . 2n 4 8m
6. x=—+nm, —+nm.nel 7. b)Find x-intercepts of graph y=2cos3x+1 «¢) = .
6 3 9 9 9
. . x Tn ll=n
8. a) @sinx+1)(sinx=1) and x = —, —, —
2 6 6

b) the value of the solutions in a) will be doubled and any value outside the domain 0 = x < 2x
will be disregarded. The solution is x = .
Y. B 10. C 11.0.13
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