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 Section 4.6:  Graphs of Other Trigonometric Functions 
1)
Objective 1:  Understand the Graph of y = tan x.
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a.
Graph  y1 = tan x  using your graphing calculator.

1.
Be sure you are in radian mode.

2.
Use window settings: 
	x min = -3.5(/2
	y min = -6

	x max = 3.5(/2
	y max = 6

	x scale = (/4
	y scale = 1


b.
What are the characteristics of this graph?

1.
Period = ______________?

2.
Domain = _____________?

3.
Range = ______________?

4.
Vertical asymptotes:

x = _________?   x = _________?   x = _________?   x = _________?

5.
x-intercepts:

x = _________?   x = _________?   x = _________?   x = _________?

6.
Is it even or odd? _________
7.
For the middle cycle, _________ < x < _________
c.
Notice:

1.
A cycle begins and ends with vertical asymptotes.

2.
The x-intercept is halfway between asymptotes.

3
y = ±1 is halfway between the x-intercept and the asymptotes.

4.
The graph rises from left to right within a cycle.

2)
Objective 2:  Graph Variations of y = tan x.

a.
Steps in graphing one cycle of  y = A tan (Bx – C):
Step 1.
Find asymptotes.  Solve for  x:   -(/2 < Bx – C < (/2.


a.
The asymptotes occur at the beginning and end of a cycle.


b.
The period is (/B
Step 2.
Find the  x-intercept  by averaging the asymptote x-values (average the first and last x-values). 

Steps 3. & 4.  y = ± A  halfway between the x-intercept and the asymptotes:  average them.

Step 5.
Graph this cycle and extend the graph on either side.

b.
Or you can find the five key  x-values as before with the sine and cosine graphs.  Then the first vertical asymptote is at  x1,  then  y = -A  at  x2,  then  y = 0  at  x3,  then  y = A  at  x4,  and finally the second vertical asymptote is at x5.

c.
Example 1:  Graph  y = 2 tan (3 x + (/2).
Step 1.
Find the asymptotes.  Solve for x:  -(/2 < 3 x + (/2 < (/2.


Here,  x1 = -(/3  and  x5 = 0  and  a period is  (/3  or  4(/12, a quarter period is  (/12.


The vertical asymptotes are:  x1 = -(/3   and   x5 = 0.
Step 2.
Find the  x-intercept:  average  -(/3  and  0  (the first and last x-values).

The  x-intercept  is  (-(/6, 0).

Step 3.
y = -2  at  x2 = (-(/6 + -(/3)/2 = -(/4.  This is the average of the x-intercept and x1.

Step 4.
y = 2  at  x4 = (-(/6 + 0)/2 = -(/12.  This is the average of the x-intercept and x5.

Step 5.
Sketch the graph and extend a cycle on either side.  What scale should you use?

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


3)
Objective 3:  Understand the Graph of y = cot x.

a.
Clear the graphs on your calculators.

b.
Graph  y1 = cot x  using the same scale as for  y = tan x.

	x min = -3(/2
	y min = -6

	x max = 3(/2
	y max = 6

	x scale = (/2
	y scale = 1
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c.
What are the similarities between the two graphs?

	Similarities

between graphs of  y = tan x  and  y = cot x
	Differences

between graphs of  y = tan x  and  y = cot x

	Same period = (
	tan x cycle:  -(/2 < x < (/2

cot x cycle:  0 < x < (

	Similar shape, but upside down
	tan x graph rises from left to right.  cot x graph falls left to right

	Have vertical asymptotes
	Asymptotes shifted ½ cycle from each other

	x-intercepts in middle of cycle
	x-intercepts shifted ½ cycle from each other

	Range is the same: (-∞ , ∞)
	Domains are different

	Both odd functions
	


4)
Objective 4:  Graph Variations of  y = cot x.

a.
The steps for graphing  y = A cot (Bx – C) are  the same as for graphing  y = A tan (Bx – C)  except the cycle is from  0 < x < (  instead  of  -(/2 < x < (/2.  The period is  (/B.

b.
Example 2:  y = 4 cot(3x – (/4).
Step 1.
Find the asymptotes.  Solve for x:  0 < 3x – (/4 < (.


Here,  x1 = (/12  and  x5 = 5 (/12  and one period = 4(/12;  a quarter period = (/12.


The vertical asymptotes are:  x1 = (/12   and   x5 = 5(/12.
Step 2.
Find the x-intercept:  average  (/12  and  5(/12  (the first and last x-values).

The  x-intercept  is  ((/4, 0).
Step 3.
y = 4  at  x2 = (3(/12 + (/12)/2  =  (/6.  This is the average of the  x-intercept  and  x1.

Step 4:
y = -4  at  x4 = (3(/12 + 5(/12)/2 =   (/3.  This is the average of the  x-intercept  and x2.

Step 5:
Sketch the graph and extend a cycle on either side.  What scale should you use?

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


5)
Objective 5:  Understand the Graphs of y  =  csc x and y  = sec x.
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a.
Graph  y = sin(x)  using your graphing calculators.

1.
Be sure you are in radian mode.

2.
Use window settings: 
	x min = -2( – .1
	y min = -5

	x max = 2(
	y max = 5

	x scale = ( /2 + .1
	y scale = 1


b.
Now add  y = 1/sin(x) and graph both.  What do you notice?

c.
csc x = 1/sin x, therefore for one cycle:

1.
Wherever  sin x = 0,  csc x  has an asymptote.

2.
They both pass through the point  ((/2, 1)  and  (3(/2, -1).

3.
The period = 2(.

d.
To graph  y  =  cscx:
1.
First graph  y = sin x.

2.
Put in vertical asymptotes wherever  y = sin x = 0.

3.
The graph of  y = csc x  touches the graph of  y  = sin x  at the peaks and valleys of the sine graph.

4.
Draw U-shaped curves to fit, facing up at the sine peaks and down at the sine valleys.
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e.
Graph  y = cos(x)  using your graphing calculators.

1.
Be sure you are in radian mode.

2.
Use window settings: 
	x min = -2( – .1
	y min = -5

	x max = 2(
	y max = 5

	x scale = (/2 + .1
	y scale = 1


f.
Now add  y  = 1/cos(x)  and graph both.  What do you notice?

g.
sec x = 1/cos x, therefore for one cycle:

1.
Wherever  cos x = 0,  sec x has an asymptote.

2.
They both pass through the point  (0, 1)  and  ((, -1).

3.
The period = 2(.

h.
To graph  y = sec x:
1.
First graph  y = cos x.
2.
Put in vertical asymptotes wherever  y = cos x = 0.

3.
The graph of  y = sec x touches the graph of  y =cos x  at the peaks and valleys of the cosine graph.

4.
Draw U-shaped curves to fit, facing up at the cosine peaks and down at the cosine valleys.

6)
Objective 6:  Graph Variations of  y = csc x and y = sec x.
a.
For  y = A csc (Bx – C):
1.
Graph  y = A sin (Bx – C).

2.
Put in vertical asymptotes wherever the sine curve = 0.

3.
The cosecant graph touches the sine graph at the peaks and valleys of the sine graph.

4.
Draw U-shaped curves to fit, facing up at  y =  |A|,  and facing down at  y =  –|A|.

b.
For  y = A sec (Bx – C):
1.
Graph  y = A cos (Bx – C).

2.
Where the cosine curve is 0, the secant curve has an asymptote.

3.
The secant graph touches the cosine graph at the peaks and valleys of the cosine graph.

4.
Draw U-shaped curves to fit, facing up at  y = |A|,  and facing down at  y =  –|A|.

c.
See Example 4, page 503 2nd ed, page 528 3rd ed, and Example 5, page 504 2nd ed, page 529 3rd ed, and Table 4.5 on page 505 2nd ed, page 530 3rd ed.

d.
For vertical shifts,  y = A sec (Bx – C) + D  or  y = A csc (Bx – C) + D,  do as above in a. and b. and then make the vertical shift by adding (or subtracting) the shift  D  to the    

y-values.
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