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Portfolio

Type 1 investigation

Transformation of Tigonometric Functions

Investigate the function:

v=asinb(x-c) +d inrespect to the fransformation of the base curve of vy =sin x,
depending on the values of a, b, ¢, and d. Be sure to consider all possible values for a,
b, c, and d.

Describe the base curve
Start with a (try some values)

Then fry values in b (sin2x, sin -3x, sin1/2x)

Does vour hypothesis hold true for y = cos(x) and v = a cos b (x-c) +d2 How about
tan(x)?



Transformation of Trigonometric Functions

Infroduction

The purpose of this study is fo examine the transformation of frigonometric
functions of y=Asin B (x-C) + D and determine the effect on the base curve y=sin(x). |
am going to be svstematically changing the values of A, B, C and D in the equation v=
Asin B (x-C) +D. First | am going to examine different numbers for the value of A. | am
going fo use whole numbers, negative whole numbers, positive rational numbers and
negative rational numbers for the value of A and see how this affects the Sine curve.
Then | will examine different numbers for B, then C then D. After examining the Sine
function | test to see if changing the values of A, B, C and D will have the same effect
on the Cosine function.

Sine Curve:

Figure 1 Figure 2

I will use y-sin (x) as my base curve. This has a maximum value of 1, minimum value of -1
(which can be seen in figure 3 and 4) and an amplitude of 1, (which was found with the
equation Amplitude= (max-min) / 2). The period of the base curve (which is the x-
range, necessary to complete one oscillation) is 2 1. The sine graph repeats itself every
2 1 (360 degrees), and this is seen in figure 2.
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Figure 3 Figure 4

Changing the value of the constant A:

| am now going to change the values of A in the equation v= A sin to see what affect it
has on the base curve.

y= 3sin(x)
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Figure 5

From figure 5 we can see that placing a 3 for the value of A has transformed the base
curve. The amplitude of the graph is now 3, the minimum value is -3 and the maximum
value is now 3. And the period remained 2 1.

y= -3sin(x)
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Figure 6

Figure 6 show that a negative whole number also changes the amplitude and
maximum value o 3, and the minimum value to -3. The period of this graph still remains
2 1. But using the trace button on my graphing calculator, we can see that graph is
inverted. | predict that if | replace A with a value smaller than 1, than the amplitude will

decrease from 1. And if A has a negative value then the graph will invert.
y= 0.25sin(x)
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Figure 7

In figure 7 it can be seen that the amplitude has decreased to 0.25. The maximum
value of the base curve is 0.25, and the minimum value of the base curve is -0.25. The

period again remains 2 TT.

=-0.25sin(x)
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Figure 8

Figure 8 shows that the amplitude and maximum value has changed to 0.25 and the
minimum value has changed to -0.25 and that the period remains 2 1. Again using the
trace option on the graphing calculator, we see that with a negative value, the curve is
inverted.

After examining the function v= A sin(x) with different values for A, | predict that when a
number greater than one is placed before sin in the equation, the amplitude of the
base curve will increase by ‘A’. And when sin(x) is multiplied by a negative number
greater than one, the amplitude increases but the sine wave is inverted. When a
number less than 1 is placed for the A value, the amplitude will decrease by 'A’. Using
different values for A does not change the period of the base curve, as it remains to be
2 . | predict that if we change the value of A to 2/5, the amplitude and maximum
value will decrease to 0.4 and the minimum value to -0.4, while the period remains the
same.

Y=2/5Sin(x)
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Figure 9 Figure 10

These graphs show that my prediction was correct, as figure 9 shows that the minimum
value is -0.4 and figure 10 shows that the maximum value is 0.4, and both figures show
that the period is 2 1.



Changing the value of constant B

I am now going to change the values of B in the equation y=sin(Bx) to see what affect
it has on the base curve.

Y=sin (3x)

Figure 11

Figure 11 shows that the amplitude, maximum and minimum values have the same
value as the curve v=sinx, i.e 1 and -1. The period of v=sin3(x) has decreased from 2
to 1/3. It is also noticed that increasing the value of ‘B’ to 3, the curve repeats itself
three times within the period f 2 11. So this shows that large values for ‘B’ have a smaller
period but alarger frequency. So this shows that ‘B’ affects the period which affects the
frequency of the equation.

Y=sin (-3x)

Figure 12



Figure 12 shows that the amplitude and maximum value remain 1 while the minimum
value remains -1. And that the period also decreased from 2 1 to 11 /3. Once again
using the frace option on the graphing calculator, we notice that using a negative
value inverts the curve.

Y= sin (0.25x)
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Figure 13 Figure 14

From figures 13 and 14 we can see that amplitude and maximum value once again
remains 1, while the minimum value remains -1. Decreasing the value of ‘B’ to 0.25, the
period is increased to 8 11, which means that frequency decreased.

Y= sin (-0.25x)
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Figure 15 Figure 16

The amplitude and maximum value remains 1 while the minimum value of the graph
remains -1. The period for this graph also increases to 8 11, shown in figure 16. The sine
curve is also inverted because ‘B’ has a negative value.

After examining the function y=sin (Bx) with different values, it is noticed that when the
value of ‘B’ is changed it affects the period and this affects the frequency (which is the
number of complete cycles that occur every 2 1/ 360 degrees). If a number greater
than one replaces ‘B’ in the equation, the period of the base curve. And when a
number less than 1 is placed for the ‘B’ value, the period of the base curve increases.
Using different values for the B does not change the amplitude or the maximum and
minimum value of the base curve. Also if a negative number is used for ‘B’, there is no
affect on the amplitude, but the graph is inverted.

| predict that if | change the value of B to 2/5, the period will increase to 5 m and the
amplitude will remain as 1.

Y=sin (2/5x)

Figure 17 Figure 18
Both figure 17 and 18 show that my prediction is correct.

After examining what happens when we change the values of ‘A’ and ‘B’ in the
function v= Asin B (x-C) +D, | am now going to predict what changes would happen to
the base curve if | used the equation y= 'z sin (2x). | predict that the maximum value will
be 0.5, the minimum value will be -0.5 and the amplitude will be 0.5. The period will
decrease to 1, so that the frequency is increased to 2.

Y="2sin (2x)



Figure 19

Figure 19 above shows that my prediction is correct.

Changing the value of the constant C

| am now going to change the values of C in the equation v=sin (x-C) to see what
affect it has on the base curve.

Y= Sin (x+3)
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Figure 20
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The point has shifted to
| When different values are usedto this spot whenthe

replace 'C', this point ofthe sine curve equation is y=sin(«3)
shifts eithertothe left orright.

Figure 21 Figure 22

In Figure 20, the amplitude and maximum value remained 1 and the minimum value
remained -1 like the base curve v=sin(x). The period of the equation remains as 21, but
the curve shifted to the left by three units. Figure 21 and 22 shows how the sine base
curve y=sin(x) shiffed to the right when the value of ‘C’ was changed to 3.

Y= Sin (x-3)
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In Figure 23, the amplitude and maximum value remained 1 as in the equation v=sin(x),
and the minimum value remains -1. The period of the graph also remains 21 as the y=sin
(x) equation. But the position of the graph has shifted to the right by three units. This
shows that using a positive value, the base curve shifts to the left (towards the negative
side of the x-axis) and using a negative value, the base curve shifts to the right (fowards
the positive side of the x-axis).
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Figure 22

In Figure 22, the base curve shifts to the left by a /4 of a unit (-4 degrees). The amplitude
and maximum value still remained 1, and the minimum value sfill remained -1. The
period also remains as 2 1.

After examining the function v= sin (x-C) with different values for C, it is noticed that the
graph has a horizontal shift along the x-axis that is known as a phase shiff. When any
positive number is used for 'C’ value, the base curve shifts to the left. This is not what |
expected to happen, | expected the base curve to shift to the right (towards the
positive side of the x-axis) when 'C’ is added to x. And when ‘C’ is subtracted from x, |
expected it to shiff to the left, but the base curve shifts to the right. Using different values
for 'C’ (negative or positive) does not change the amplitude, maximum value,
minimum value nor the period, as they still remain the same as in the equation v=sin(x).

After examining what happens when changing the values of ‘A’, ‘B’ and ‘C’ in the
equation v= Asin B (x-C) +D, | am now going to predict what changes would occur if |
used the equation, v=4 sin 2 (x-2). For this function, | predict that the maximum value
will be 4, while the minimum value will be -4. Which means that that the amplitude will
also be 4, because amplitude= (4 — (-4))/2= 4. The period will increase o ¥7 and the
base curve will shift to the right.

Y=4sin ' (x-2)



b

Figure 23 shows that my prediction is correct.

Figure 23

Changing the value of constant D

| am now going to change the values of D in the equation v=sin(x)+D to see what
affect it has on the base curve.

Y= sin (x)+3
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Figure 24

In Figure 24 above, it is noticed that changing the value of ‘D’ to 3, the graph shifts
vertically in the positive direction on the v-axis by 3 units. The maximum value is 4 and
the minimum value is 2, and the amplitude remains as 1. The period also remains as 2 1.

Y= sin(x)-3
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Looking at Figure 25, it is noticed that the subtracting 3 from the equation v=sin(x), that
the base curve shifts vertically in the negative direction on the v-axis by 3 units. The
maximum value of the base curve is changed to -2, while the minimum value of the
base curves is changed to -4. The amplitude remains as 1 and the period remains as 2
.

Figure 25

After examining the function v=sin(x)+D with different values for D, it was seen that
when any positive value was placed in the equation for ‘D’, the base curve will shift
vertically up the v-axis. And the maximum value of the base curve will be 1+'D’. If a
negative number is placed in the equation, the base curve will shift vertically down the
v-axis. And no maftter what the value of D is, the period remains as 2 m and the
amplitude remains 1. | predict that if | change the value of D to 2/5, the maximum value
of the base curve will be 1.4, the minimum value will be -0.6. While the period remains
as 2 T and the amplitude remains 1.

Y=sin (x)+ 2/5

Y=1.4
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Figure 26

Figure 26 shows my prediction is correct.



After examining what happens when changing all values in the equation, y= A sin B (x-
C) +D, I am now going to predict what changes will occur is | used the equation v= 5 sin
-2 (x-1) + %. | predict that the maximum value will change to 5, the minimum value will
change to -5 and the amplitude will change to 5. The base curve is inverted because
the 'B’ value is a negative value and the period of the curve is decreased to T which
increases the frequency to 2. The base curve also shifts to right by 1 unit and shifts
vertically upwards by 0.75 (changing the maximum value to 5.75 and the minimum
value to -4.25).

y=5sin -2x-11+3/4
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Figure 27
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Figure 28 Figure 29
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Figure 27 above shows that my prediction is correct. Figure 28 proves shows that my
prediction about the maximum value being 5.75 is correct. And Figure 29 using the
frace button shows that my prediction about the curve having a phase shift to the right

by one unit.



