Welcome to 6.5 - Graphs of Other Trigonometric Functions

In this section, we will learn how to graph tangent, cotangent, cosecant, and
secant functions. We will also graph "damped" sine and cosine functions.

Let's start by graphing y = tan x

First note that y = tan x = (sin x)/(cos x) is not defined whenever cos x = 0,
because division by zero occurs. cos x = 0 if x = +/-pi/2, +/-3pi/3, +/-5pi/2, . . .

We also need points on each side of each of these x)-(values.

Find the y-values that correspond to each 15
of the x-values given here and then plot the _1'3
points. Complete the graph by drawing —l. 0
smooth curves through the points. —O: 5
Note that you should use your calculator 8 5
to find the y-values and the x-values are 1'0
given in RADIANS, so use radian mode. 1'3
What do you think the graph looks like 1:5
for x-values from pi/2 to 3pi/2?
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Note that the curves NEVER cross the vertical lines x=+/- pi/2, +/-3pi/2, . . .
These vertical lines make up vertical "asymptotes" since the curves "take off" to
infinity and negative infinity for x-values near them.

Also note that between each set of vertical asymptotes, the curve will have a shape
identical to the curves between any other set of vertical asymptotes.
This means if you graph one "cycle", you know what the rest of the cycles look like.

Page 2 2/14/01 11:21 AM




Procedure To Graph Tangent and Cotangent Functions

To graph tangent or cotangent functions, all you have to do is

1. Determine what values of the angle result in division by zero. Vertical
asymptotes will occur at these values. Plot these vertical asymptotes.

2. Plot a few points between two consecutive vertical asymptotes to establish
the shape of one cycle of the graph.

3. The rest of the graph (between all the other consecutive vertical asymptotes)
will have shapes identical to the first cycle plotted.

*The period = the distance between two consecutive vertical asymptotes.
Example: Graph y =2cot 4x

First note that we may write this function as y = 2(cos 4x)/(sin 4x).

The vertical asymptotes occur when sin 4x = 0. This occurs when 4x =0,
4x = +/-pi, 4x =+/-2pi, ... which means x =0, x = +/- pi/4, x =+/- pi/2, . ..
SEE NEXT PAGE. . .
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Notice that both the tangent and cotangent functions have
identical "'s" shaped curves separated by vertical asymptotes.

X

y = 2cot 4x
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Graphs of Cosecant and Secant

The basic cosecant and secant functions may be graphed fairly easily if you
just use the fact that csc x = 1/sin x and sec x = 1/cos X.

Here is a graph of y =csc x. A graph of y = sin x is also shown.

Note that since csc x = 1/(sin x), vertical asymptotes occur whenever sin x = 0 which
is atx = 0, +/- pi, +/- 2pi, etc. The csc x graph "bounces" off the sin x curves.

x
The u-shaped y=cscx
curves "bouncel"
off the sine 2
curve.

Sn T —1.5m -1 —0.5n 0.5% 1 151 3 2.5
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Procedure to graph Cosecant and Secant functions
1. Graph the related Sine or Cosine function.

2. Identify where the vertical asymptotes occur. This is where division by zero

occurs.

. Sketch in the U-shaped cosecant or secant curves that "bounce" off the related
sine or cosine curve.

Example: Graphy =sec 2x (Note: sec 2x = 1/cos 2x)
A. Graphy=cos2x (See Next Page)
B. Vertical asymptotes occur when cos 2x = 0. This occurs when 2x = +/-pi/2,

2x = +/- 3pi/2, 2x = +/- 5pi/2, etc. which means x = +/-pi/4, x = +/-3pi/4,
x = +/- 5pi/4.

C. The U-shaped secant curves "bounce off" the sine curve in between the vertical
asymptotes.
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The graph of y = cos 2x is shown below in green and the vertical asymptotes are also
shown. The U-shaped curves that make up the graph of y = sec 2x are shown
"bouncing off" the sine curve in between each pair of vertical asymptotes.

*5 y
y = sec 2x
2
y=cos 2x A x
25T -in 0.3 057 im 03 05m ST in 12

Why do the U-shaped curves of y = sec 2x "bounce off" the cosine curve the way
they do? See Next Page for answer.
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Why do the U-shaped curves of y = sec 2x "bounce off" the cosine curve the way
they do?

Answer: At the values of x that make y = cos 2x equal to 1, the values of y = sec 2x
will equal 1/1 = 1. At the values of x that are close to the vertical asymptotes, the
values of y = cos 2x get closer to zero. This means that the values of y = sec 2x will
get larger and larger since sec 2x = 1/cos 2x. When we divide 1 by a very small
number, the result is a very large number. In fact, the curves of y = sec 2x take on

infinitely large positive and negative values if x is a value very, very close to one of
the vertical asymptotes.

Graphs of Damped Trigonometric Functions

To get an idea of what a simple "damped" trigonometric function is, plot the
function y=xsinx and use the x-values

x =0, pi/2, pi, 3pi/2, 2pi, 5pi/2, 3pi, 7pi/2, 4pi
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X Y=XSIX  The graph of y = x sin x is shown below. Also, the graph of

0 0 iy _ _

= sin X is shown, as well as the graphs of y=x & y = -x.
pi/2 | pil2(1) Y grap Y Y
pr. 0 . Notice that the graph of y =x sin x is "bounded" by the graphs
3pi/2 | -3pi/2 ofy=xandy=-x.
2pi | O
5pi/2 | 5pi/2 Can you think of a general approach to graphing y = x cos bx,
3pi | 0

or y = x sin bx where "b" is a coefficient on x? SEE NEXT PAGE
Tnil2__Ipi/2
PP
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Procedure to Graph y = x sin bx or y =x cos bx.

1. Plot y = sin bx or y = cos bx.

2. Ploty=x andy=-x.

3. "Stretch" the curves of y = sin bx or y = cos bx out at their maximum or
minimum values to meet the curve of y =x or y = -x.
If ANY of y =x, y =-X, y =sin bx, or y = cos bx have zero y-values, the
graph of y = xsin bx or y = xcos bx will have an x-intercept.

4.

Here is the graph of y = x cos 2x. Also shown are y=cos 2x, y=x, & y =-X.
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Functions With Exponential Damping
If we plot the motion of a body that bounces upon a spring, we see that the body
goes up and down, but due to friction, the body eventually bounces less and less
and eventually comes to rest at a point of equilibrim.
An example of such motion is shown in the graph of y = 5e”(-x) cos 4x below.

The x-axis would be the equilibrium position. x would represent time
and y would represent the height of the body - it is 5 units above
equilibrium at time x = 0. At x = pi/8, the body is at level y = 0.
At time x = pi/4, the body sinks down below the equibrium level to

2 y =-2.28 . At time x=2pi, the body is near the equilibrium level.

y:se"‘cos oy,

Wt

0.25m 0.5% \0_15}/

Can you think of a general method for graphing a function that
is dampened exponentially? SEE NEXT PAGE

im 175n 13n L75m in 225 2.57
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How to Graph Exponentially Damped Functions of the Forms Given Here:

ax
Y= € SN bx \/:eaxcogloy

1. Graph y: e&x :
oX
2. Graph \/T‘-_' c .

These exponential functions form the "boundaries”
for the exponentially damped functions, in the same
way that y=x and y=-x were boundaries in the
previous problems.

3. Graph the sine or cosine function y = sin bx ory = cos bx.

4. "Stretch" the maximum and minimum values of the sine or cosine functions
out to the boundaries formed by the exponential function graphs.

Example: How would you graph ?’ =<

S0 s P
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The graphs of y=e"(-.2x), y = -e"(-.2x), and y = sin 2x are plotted. The the sine

curve is "sandwiched" between the two exponential curves.

i y:e:«“ SIN 2%

Why should I know how to graph these "by hand" when a software program like
Graphmatica will graph them so easily? SEE NEXT PAGE FOR ANSWER>>>
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You should know "how" to graph it by hand so that you may simply look at an

equation and be able to predict what the graph behaves like.

For example, you should be able to look at the equation of y= 10 + 0.1cos x and
know that its graph is a shift of y = 0.1cosx UP 10 and has an amplitude of only 0.1 .

The graph generated on Graphmatica is shown here:

=2 Read the Text!

37
There's NO graph!!!! This i .

oo el is is the graph of
Why?? It's shifted UP 10! y=10 + 0.1cos x, as shown

in the standard viewin,

Don't be a servant of technology! window ¢
Know HOW, before you use the ’
machine! Then, technology will serve yjou! x
5T =n -1.5n -ln 0.5 0.5n in 15 n 2.;

Do the Homework for Section 6.5
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