Lecture 24 - June 19

* 6.5/6.6 Other Trig Graphs

Upcoming Deadlines

* 6.3-6 Homework (June 20)
e Exam 3 (June 21)
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Example

=

92. Bridge Clearance A one-lane highway runs through a
tunnel in the shape of one-half a sine curve cycle. The opening
is 28 feet wide at road level and is 15 feet tall at its highest
point.

28—+

(a) Find an equation for the sine curve that fits the opening.
Place the origin at the left end of the sine curve.

(b) If the road is 14 feet wide with 7-foot shoulders on each
side, what is the height of the tunnel at the edge of the
road?

Source: en.wikipedia.org/wiki/Interstate_Highway_standards

and Ohio Revised Code
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Example

Alternating Current (ac) Generators The voltage V. in volts,
produced by an ac generator at time 7, in seconds, is

V(t) = 120 sin(1207¢)

(a) What is the amplitude? What is the period?

(b) Graph V over two periods, beginning at ¢ = 0.

(c) If a resistance of R = 20 ohms is present, what is the
current /7
|[Hint: Use Ohm’s Law, V' = [R.]

(d) What is the amplitude and period of the current /7

(e) Graph I over two periods, beginning at t = 0.
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Graph of tan(x)

The Graph of the Tangent Function

Because the tangent function has period 7, we only need to determine the
graph over some interval of length 7. The rest of the graph will consist of
repetitions of that graph. Because the tangent function is not defined at

T T il trate on the interval (— =, - ], of length
T T Ty s we will concentrate on the interval [——, = |, of length 7,
2 2°2° 2 22 N
and construct Table 8, which lists some points on the graph of y = tanx,
T T o :
—— < x < —. We plot the points in the table and connect them with a smooth

2 2
T

curve. See Figure 62 for a partial graph of y = tan x, where —— = x =
)
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Properties of the Tangent Function

1.
2.

v

s

The domain is the set of all real numbers, except odd multiples of
The range is the set of all real numbers.

The tangent function i1s an odd function, as the symmetry of the graph
with respect to the origin indicates.

The tangent function is periodic, with period 7.
The x-intercepts are ..., —2a, —, 0, 7, 29, 37, . . . ; the y-intercept is (.

: 3r =@ 37
Vertical asymptotes occurat x = ...,———
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Graphs of y = A tan(wx) + B

Monday, June 18, 2018 7:17 PM

Graph Functions of the Formy = Atan(wx) + B
andy = Acot(wx) + B

For tangent functions, there is no concept of amplitude since the range of the
tangent function is (—00, ). Theroleof Ain y = Atan(wx) + B s to provide the
magnitude of the vertical stretch. The period of y = tan x is 7. so the period of

. : :
y = Atan(wx) + Bis -, caused by the horizontal compression of the graph by
w

a factor of —. Finally, the presence of B indicates that a vertical shift is required.
w

Complete Page 6



Example

Graph: y = 2tan x — 1. Use the graph to determine the domain and the range of

y=2tanx — 1.

3

(_

|

Multiply by 2; _ Subtract 1: B
Vertical stretch (b) y = 2tan x vertically shit ~ (€) ¥ =21an x—1
by a factor of 2

down one unit

The domain of y = 2tanx — 1 is {x

k
x # 717 k 1s an odd integer}. and the

range is the set of all real numbers, or (—00, 00). .-J
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Example

Graph y = 3 tan(2x). Use the graph to determine the domain and the range of
y = 3 tan(2x).

X==7 7 _3m
2
| [
| |
| |
/ | |
i i
| X | X
%~ |
| |
| |
| / |
| | -
|
e e
(a) y = tan x Multiply by 3: (b) y = 3 tan x Replace x by 2x: (c) y = 3tan (2x)
Vertical stretch by Horizontal compression
a factor of 3 by a factor of %

The domain of y = 3 tan (2x) is {x

km . :
X # VE k is an odd mtegel'}, and the

range 1s the set of all real numbers or (—0o0, 00).

Notice in Figure 65(c) that the period of y = 3tan(2x) is % due to the

: i : I :
compression of the original period 7 by a factor of > Notice that the asymptotes

T T 37
dal¢ X = —— X = — X =

4 4 4

,and so on, also due to the compression.
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Graph of cot(x)

The Graph of the Cotangent Function

We obtain the graph of y = cot x as we did the graph of y = tan x. The period of
y = cot x is 7. Because the cotangent function is not defined for integer multiples
of 7, we will concentrate on the interval (0, 77). Table 10 lists some points on the
graph of y = cot x, 0 < x < 7r. As x approaches 0, but remains greater than 0, the
value of cos x will be close to 1 and the value of sin x will be positive and close to 0.

. COSX . s :
Hence, the ratio — = cot x will be positive and large: so as x approaches 0, with
sin x

x > 0, cot x approaches OC'(lin})’cot x = o0). Similarly, as x approaches 7, but
x>

remains less than 7. the value of cos x will be close to —1. and the value of sin x will

. . COSX : : :
be positive and close to 0. So the ratio —— = cot x will be negative and will
sin x
approach —o< as x approaches 7( lim cot x = —o0). Figure 66 shows (| X ¥ = otX
X—7
W
3 V3
X==27 X=-T x=10 X=m X=2m
| | * | | . !
| | | | -
| | | |
| | | | r =
| | M | | [ 3 2
| | 1+ (4' ) | [
| | | | T
| | | | o 0
| | I | > | 2
I | T ' 3m ' SN 3
: 2 : 2 : 2 : 2 2 Sl
| | Gz ) | | 3 3
| | == - | |
| | +* | I 37 .
| | | | == =
| | | [ 4
| | | |
| | | I
2 v

The graph of y = A cot(wx) + B has similar characteristics to those of the

tangent function. The cotangent function y = A cot(wx) + B has period ~. The
w

cotangent function has no amplitude. The role of A is to provide the magnitude of
the vertical stretch; the presence of B indicates a vertical shift is required.
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Example

Monday, June 18, 2018 7:47 PM

Graph y = cot(2x)

(c) 8.
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Graphs of csc(x) and sec(x)

The Graphs of the Cosecant Function and the Secant Function

The cosecant and secant functions, sometimes referred to as reciprocal functions,
are graphed by making use of the reciprocal identities
1 1
csC X = — and secx =
sin x cos X

For example, the value of the cosecant function y = csc x at a given number x
equals the reciprocal of the corresponding value of the sine function, provided that
the value of the sine function is not 0. If the value of sin x is 0, then x 1s an integer
multiple of 7. At such numbers, the cosecant function is not defined. In fact, the
graph of the cosecant function has vertical asymptotes at integer multiples of 7.
Figure 67 shows the graph.

x=10 X="1T X =2
Y I |
)y = CSC X : :
| |
L | |
Fn /o |
1 | | _
: :y—smx
| ' | |
o i X
2
_‘|_

Using the idea of reciprocals, we can similarly obtain the graph of y = sec x.
See Figure 68.
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Graphs of y = A csc(wx) + Band y = sec(wx) + B

Monday, June 18, 2018 7:17 PM

2 Graph Functions of the Formy = A csc(wx) + B
andy = Asec(wx) + B

The role of A in these functions is to set the range. The range of y = cscx is
{yly = —lory = 1}or {y||y| = 1}:therangeof y = Acscxis {y||y| = |A|},due

to the vertical stretch of the graph by a factor of | A|. Just as with the sine and cosine
. . o
functions, the period of y = csc(wx) and y = sec(wx) becomes —, due to the
. . 1 DA
horizontal compression of the graph by a factor of — The presence of B indicates
that a vertical shift is required. @
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Example

Monday, June 18, 2018 7:47 PM

Graphing Functions of the Form y = A ¢csc(wx) + B

Graph y = 2 csc x — 1. Use the graph to determine the domain and the range of
y=2cscx — .

x=—m ¥ X= X =27 Xx=-=1 Y| X=a x=2m
i | |
x=2m I o | !
| | |
| | | | | |
| B | | | B | |
: 2 (T 2}: : : 2 I I
| 2, I | | | :
| 1 | | I 1= AN |
: . I A
. T | Ll
X | : X | | LX
| |
(5. -1) s | : i -1+ | |
-7 =2 (3, -2) ! |
A B
:[\ i :A: -39 | 16
. A A
Multiply by 2; Subtract 1; I n ! !
Vertical stretch Vertical shift | | |
by a factor of 2 down 1 unit
(a) y=cscx (b) y=2cscx (c)y=2cscx—1

The domain of y = 2cscx — 1 is |x|x # km, kis an integer} and the range is
{y|y = =3 ory = 1} or,using interval notation, (—o0, =3]U[1, o).
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Example

Monday, June 18, 2018 7:47 PM

Graph y = 3 sec(2x)
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Example

Monday, June 18, 2018 7:47 PM

Graph y = sec (x — g)
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Example

Monday, June 18, 2018 7:47 PM

Graph y = c¢sc (g) + 1
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