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OBJECTIVES
To use the calculator to study trigonometric identities from several perspectives.
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OVERVIEW

A graphing utility can be a very helpful tool in investigating the existence of an identity.
For instance, the graph feature of the calculator can be used to explore whether the left
and right hand expressions in an identity to be verified, would give the same graph. If the
graphs are identical, then this provides the evidence that both expressions are equal and
the given equality is an identity. In the same manner, the table feature of the calculator
can provide the functional values of the left and right hand expressions, and can be a
means to explore the validity of the given equality.

EXPLORATORY ACTIVITIES

[Note] We shall use small letter x instead of capital X as shown on the calculator
throughout the paper. Using SHIFT SET UP we specify that the angle will be in radian
mode.

Activity: A function is even if f(-x) = f(x) for all x in the domain of f. A function fis odd
if f(-x)= -f(x) for all x in the domain of f. Which of the trigonometric functions have the
even property? the odd property?

Solution:

Let us illustrate the problem for the sine function. We verify whether the sine function is
even, that is, we check if sin(-x) = sin x.
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A. Graphical exploration:

a. We open the Graph Editor and use dual screens to explore the identity. We specify that
the dual graph feature of the calculator will be used before we start graphing [SHIFT SET
UP] as follows:

Draw T¥re :Connect
2 0n

Sketch Line fHorm 4
| a+13 IG":-:-T | Q¥

We make sure that the view settings are the same for the active screen(left screen) and
the inactive screen(right screen):

Jiew Window Leftl
Amin 8 -9, 47477 1

SEEIEEI:
dot.

ATIE32
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We select sin(x) to be graphed on the right screen and sin(-x) on the left screen.

Grarh+Grarh V=

Yi==zin & [=]E
YZB=in ¢ -®2 [—]
Ne: [—]

Both graphs are shown on the dual screens below. The learner can observe that the
graphs are not identical, and represent two different functions. Thus, sin(-x) # sin(x).

AN AR
T

b. Another way to verify the identity is to graph both sin(-x) and sin(x) simultaneously.
We set the Graph Editor to simultaneous mode[SHIFT SET UP] as follows:

Draw TxFe fConnect
Grarh Func :0n
Dal Screen 20T

erivative
Backaround :Hohe
Sketch Line :Haorm 4
o [odf
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We obtain the following screen dumps which confirm that sin(-x) # sin(x).

Grarh Func %=
YiB8=in ¥ [—1]

E%?Ein Lo E::% fwﬁffWEFNHffWEf”}. |

B. Tabular exploration: In the Table Editor we can explore the values of sin(x) and sin(-x).
We use the following table settings:

ﬁable Setling

! =
Ster @01

We obtain the following partial list of data that verifies that sin(-x) # sin(x).

Table Func W=
Y18=in & [—1] L Ll Ve
Y2B=in (—W2 [—] [ i [
WM 0.0998 - 0.099
: — 0.2 0.[96E -0.198
EE E—% 0.3 0.2955 -0.295
[ESMICEL JTYPELSTYLISE T IIGET [Forr [P TP [ERTT G-Con [GFLT

Thus, we can conclude that the sine function is not an even function. However, the sine
function is an odd function, that is sin(-x) = -sin(x). Consider the following screen
dumps:

Grarh+Grarh Y=

Yi=-=in & [—]1&

YIE=1n (- [—] ﬂ fnl thl[ n
yo: [—7 ]'U'I U' U

Vi [—]

The cosine function is an even function and not an odd function as seen from the
following results:

Grarh+Grarh %=
Yi=cos ¥ [—I&

YiBcos (-l L] ﬂl I||r~,|l ,'ﬁ'lL fﬂ‘l
S = | B AT RVATIY
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Grarh+GErarh Y=
Yi=-cos K [—I1&

YoBoos (oKD L] Jlr'\l fﬂ'l |'ﬂ'l Jlrllll
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The tangent function is an odd function and not an even function as seen from the
following results:

Ararh+Grarh Y=

Yl=-tan ¥ [—1&

Wﬁl \ \ \ \ \WH
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Grarh+Grarh TY=

?lftan [y [—I&

Vi [—]

Y5 [—]

Y& [—]

|E=m0EL JTVPE]:TVL X ME] GETT

1 1 .
From the fact that cscx =——, secx = and cotx = and the result obtained
sin x CcoSx tan x
above we conclude that
1 1
cse(—x) = — =—cscx

sin(—x) ~ sinx

1
sec(—x) = = =secx
cos(—x) cosx
cot(—x) = ! =— ! =—cotx
tan(—x) tan x

These results imply that cosine and secant are even functions and cosecant is an
odd function.

EXERCISES
Exercise 1. Simplify sin®(-x) + cos?(-x)

Exercise 2. Find the values of :
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Exercise 3. Is the following expression and identity?

s 2 2
SIn (—X)—COS (—X .
( ) ( ) =CO0SX—SsInx

sin(—x) — cos(—x)

SOLUTIONS:
Exercise 1.

A. Graphical exploration:

a. We graph the function sin?(-x) + cos?(-x) in the Graph Editor as follows:

Vi=l=in C-E228+{co= ¢

ar

=2. BY3393353 Y=

The graph is that of the horizontal line y = 1. This implies that the expression sin?(-x) +
2
cos“(-x) = 1.

b. On approach would be to graph Y1= sin*(-x), Y2= cos®(-x) and then graph Y1 + Y2 as
follows:

yul
Ay
L
Ry
L
“nai]
Cawn
L'
w1
Arg
o

As we trace the graph representing the sum Y1 + Y2, we see that we obtain Y1+Y2=1.

Wa=YI+YE

TEYIYIQ ;

=1.944795458  ¥=1
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B. Tabular exploration:

a. In the Table Editor, we can determine the functional values of sin?(-x) + cos?(-x).

e Func Y=
sifn C-#ar@+([—]

L1 [y
= 4

As we scroll down the data, we can verify that the value of sin?(-x) + cos?(-x)=1.

b. Another approach would be to examine the functional values of Y1= sin®(-x) and Y2 =
cos?(-x). What would be the resulting functional values of Y1 +Y2? We obtain the
following:

¥l Vg '3
0.0813 0.391236

I}

0.3

0.4 0.1516 O.8UB3

0.5 0.2298 O0.1101
N3 0.3188 D.EBI|

As seen in the table of values, the Y1+Y2 = 1.

C. Analytical solution:

We can establish the identity sin?(-x) + cos?(-x)=1 from the results we obtain in Activity
1.

Note that sin?(-x) + cos?(-x) = [sin(-x)]? + [cos(-x)]?
= (-sin x)? + (cos x)?
=1

In fact, the identity sin?(-x) + cos?(-x)=1 or equivalently, the identity sin®x + cos?x = 1
is called the Pythagorean identity.

D. Graphical exploration in Parametric Mode:

We can graph the following simultaneously in parametric mode:
x = cos(-t) and y = sin (-t) with tin [0,2 7]

The equivalent rectangular equation can be obtained by squaring each parametric
equation:

x? = [cos(-t)]®> and y? = [sin(-t)]?
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When we graph the equation, we get the unit circle, which confirms the identity sin®(-x)

N
N

The viewing window used was:

Uiew Window

Amin -1,

max 1.5
scalell

dot.  @,B82338952
Ymin -1

Liew Window
“'min & -

max :6.2831853
Fl.cht B. BES4A554

[zHIT [TRIG[STO R e

One advantage of graphing the unit circle parametrically is that it provides a method of
finding trigonometric function values. Consider for instance, Exercise 2.

Exercise 2.

a. Find sin(—3—7[)

We can solve for this value while the parametric graph is on the screen. It can also give
the learner an idea what quadrant is referred to when we consider sin(—%[ ).

Enter [SHIFT GSolv Y-Cal] and specify the value of T:

s fl=co= C-Ti.=in -T2
Enter T-Ualue rff | Hxﬁ
N T:3m.5 | '\_
S | -0 3090 1 BEWY =- 0. 85 0568 163

As seen from the graph the point on the unit circle is in the third quadrant. The y value
3 3
represents sin( —?ﬂ )= -0.9510565163 and the x value represents cos( —?ﬁ ) =

-0.3090169044.
177
b. cos (———
( 10)

As seen from the graph the point on the unit circle is in the first quadrant. The x value
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17 17
represents cos(—l—Oﬂ) =~ 0.5877852523 and the y value represents sin(—l—(;r)z

0.809016944.

Enter T-Walue
] T:1Tn.la | I'\.

k_ _J_/ T=5. 3UD0751 1 //I-.---:nL
=0.5B11853523  Y=0. 050159944

] fi=co= t-T)=51qﬁT)

Exercise 3.

sin’(—x) — cos’(—x)

The expression =cosx —sinxis an identity.

sin(—x) — cos(—x)

Consider the following screen dumps:

Grarh+Grarh Y=
Yi=i(i=sip (-Rire-[=—13

YZBRcos w—=sin W [—1

[—1] I|I

: [—1

wZa
[ |
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