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 Section 4.5B:  Graphs of the Sine and Cosine Functions 
3)
Objective 3:  Understand the Graph of  y = cos x.
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a.
Graph  y1 = cos x  on your graphing calculators.

b.
Domain:  -∞  < x < ∞        Range:  -1 ≤  cos x ≤  1

c.
Period: 2(.  The graph repeats after an interval of 2(.

d.
y = cos(-x)  =  cos x   then   cos x  is an even function.  (Remember,  if f (-x)  =  f (x), then  f  is even.)

4)
Objective 4:  Graph Variations of  y = cos x.  (Follow the same procedure as for  y = sin x.)

a.
The x coordinates of the five key points in graphing  y = cos x  are:
1.
x1, the starting point, is usually the beginning of a cycle.
2.
x2 = x1 + (¼ period)

3.
x3 = x2 + (¼ period)

4.
x4 = x3 + (¼ period)

5.
x5 = x4 + (¼ period)

b.
In graphing  y = cos x, the period is 2( and the starting point is x1 = 0, ¼ period is (/2, and the amplitude is 1.

1.
The starting point is x1 = 0

2.
The next point is 0 + ((/2) = (/2

3.
The next point is (/2 + ((/2) = (
4.
The next point is ( + ((/2) = 3(/2

5.
The next point is 3(/2 + ((/2) = 2(
c.
Clear the graphs on your graphing calculators,

1.
Graph:
y1 = cos x  and 



y2 = 4cos x.  What happens?

2.
Then graph:
y3 = (1/4)cos x.

3.
What are your conclusions?

4.
The period is still 2(  but the amplitudes are different.  How?

d.
For  y = A cos x:

1.
|A| is called the amplitude 

2.
If |A| > 1, graph of  y = cos x  stretches vertically (pull away from the x-axis).

3.
If |A| < 1, graph of y = cos x  shrinks vertically (pull towards the x-axis).

e.
Clear the graphs on your graphing calculators

1.
Graph:
y1 = cos x   and 



y2 = cos (2 x).  What happens?

2.
Then graph:
y3 = cos (1/2) x.

3.
What are your conclusions?

4.
The amplitudes are the same, but the periods are different.  How?

f.
For  y = cos Bx:

1.
The period of  y = cos Bx  is  2(/B.  (Solve  0 < Bx < 2( and subtract beginning value from the end value).

2.
If |B| > 1, graph of  y = cos x  contracts horizontally since the period is smaller.

3.
If |B| < 1, graph of  y = cos x  expands horizontally since the period is larger.


See page 481 2nd ed or page 506 3rd ed below Check Point 2 for rationale.

g.
Consider y1  = 3cos(1/4) x.   A = ___________?     B = ___________?

Amplitude = __________?    Period = __________?    quarter period = __________?  

What are the five key points to plot?

x1 = ________?  x2 = ________?  x3 = _________?  x4 = ________?  x5 = ________? 
This graph will have vertical stretching and a horizontal expansion compared to  y = sin x.
h.
Now consider  y = Acos(Bx – C).
1.
Amplitude = |A|.
2.
Period = 2(/B.  Remember, for sin x, a cycle goes from  x = 0  to  x = 2(.

Here  0 < Bx – C < 2(.  Solve the inequality for  x  and find the difference between the beginning and end points of the cycle.  This will be the period.

3.
You can now see that there is a phase shift equal to C/B.

How can you tell if the shift is right or left?

i.
Steps in graphing  y = Acos(Bx – C)  Look at ex. 6, page 489 2nd ed or page 513 3rd ed,  y  =  1/2 cos(4x + ()
Step 1.
Identify the amplitude, period and phase shift.


Amplitude  =  |A|  =  _________________

Period  =  2(/B  =  _________________

(Or solve  0 < Bx – C < 2(  for the beginning and endpoints.  The period is the difference between these endpoints, which are the beginning and end of a cycle.)


Phase Shift  =  C/B  =  _________________  or look at above inequality.

Step 2.
Find the value of a quarter period.


Quarter period  =  _________________

Step 3.
Find the x-values for the five key points.
1.
x1, the starting point, is usually the beginning of a cycle (look at inequality above).
x1 =  _________________  
2.
x2 = x1 + (¼ period)  =  _____________________________________

3.
x3 = x2 + (¼ period)  =  _____________________________________

4.
x4 = x3 + (¼ period)  =  _____________________________________

5.
x5 = x4 + (¼ period)  =  _____________________________________

Step 3.
Find the y-values (these will either be 0 or ±1/2) for the five key  x-values.

	x
	y  =  1/2 cos(4x + ()

	
	


Step 4.
Plot these five coordinate points (x, y) and connect with a smooth curve, giving one complete cycle.

	Step 5.
Extend the graph on either side by continuing the pattern.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


5A)
Objective 5A:  Graph Vertical Shifts of Sine and Cosine Curves.

1.
Recall from Precalculus I that a vertical shift of  c  units can be represented as

y  = f (x) + c
If c > 0, then the graph moves up  c  units.

If c < 0, then the graph moves down  c  units.

2.
In this section, we have vertical and horizontal shifts of the variations sine and cosine functions represented as

 y = Asin[Bx – C] + D 
 y = Acos[Bx – C] + D 
or

 y = Asin[B(x – C/B)] + D 
 y = Acos[B(x – C/B)] + D 
Horizontal phase-shift of C/B.

Horizontal contraction or expansion due to the  B  factor.

Vertical stretching or shrinking due to the  A  factor.

Vertical shift of  D  units.
3.
Graph y  =  1/2 cos(4x + () + 2.  To graph this function, which is the previous function with 2 added on, you take the chart from that function and add 2 to each y value.  Or, you could take the graph of the previous function and move each point up 2.

	x
	y  =  1/2 cos(4x + ()
	y  =  1/2 cos(4x + () + 2

	
	
	


5B)
Objective 5B:  Graph Reflections About the x-axis of Sine and Cosine Curves.

1.
Recall from Precalculus I that a reflection about the x-axis is represented as

y  = -f (x)

2.
In this section, we have reflection about the x-axis of the variations sine and cosine  functions represented as

 y = Asin[Bx – C] + D 
 y = Acos[Bx – C] + D
where A is negative.
3.
Graph y  =  -1/2 cos(4x + () + 2.  To graph this function, which is the previous function with a negative sign included in A, you take the chart from that function before the 2 is added to each y-value, negate each y value, and then add 2 to each y-value.  Remember that adding or subtracting the D is always the last operation performed in the transformation.
	x
	y  =  1/2 cos(4x + ()
	y  =  -1/2 cos(4x + () 
	y  =  -1/2 cos(4x + () + 2

	
	
	
	


6)
Objective 6:  Model Periodic Behavior.

1.
Modeling periodic behavior whose graphs resemble sinusoidal curves entails finding an equation of the form:

y = Asin(Bx – C) + D
2.
Steps in modeling a given sinusoidal graph.  See ex. 9, page 493 2nd ed or page 517 3rd ed.

a)
Plot points and box in a complete single sine wave (points are already plotted in here).
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b)
Find the vertical shift, D = the average of the maximum and minimum  y-values.

D  =  (max y + min y) /2
c)
Find the amplitude, |A|, from the graph by subtracting the minimum  y  from the maximum  y  and then divide this by 2.  Decide whether A is positive or negative.  A is positive if the first turning point is a maximum, and A is negative if the first turning point is a minimum.
|A|  =  (max y – min y)/2
d)
Find the period from the graph by finding two places where the  y-values are the same and then subtract the corresponding  x-values.

e)
From the period, calculate B.  Period = 2(/B  or  B = 2(/(period)
f)
Find the phase shift from the graph by first finding where the graph is heading up and then where it crosses the shifted horizontal axis.  The corresponding x-value is the phase shift C/B.  Then calculate C.  Phase shift = C/B   or  

C = (phase shift)•B
g)
Put it all together:  y = A sin(Bx – C) + D
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