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1. How graphs shift

	Horizontal shifts—shifts to the left or right


	When a number is added to the x value inside the 

grouping symbol, the graph shifts that number of spaces

 to the left.
	When a number is subtracted from the x value inside the grouping symbol, the graph shifts that number of spaces to the right.
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	This graph moved to 

the left 4 spaces.  
	This graph moved to 

the left 3 spaces.
	This graph moved to 

the right 2 spaces.
	This graph moved to

the right 5 spaces.


	Vertical shifts—shifts up or down


	When a number is added outside the grouping

symbol, the graph shifts that number of spaces up.
	When a number is subtracted outside the grouping symbol, the graph shifts that number of spaces down.
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	This graph moved up

4 spaces.  
	This graph moved up 

3 spaces.
	     This graph moved 

     down 2 spaces.
	    This graph moved 

    down 5 spaces.


2. Reflections of graphs

Reflections about the x-axis
Multiplying the original function by a negative causes the graph to reflect or ”flip” about the x-axis. 
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Reflections about the y-axis

Replacing every x in the equation with - x reflects or “flips” the graph about the y-axis.
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	This left and right sides of this graph are mirror images of each other, so replacing x with –x didn’t make the graph look any different.
	       

This graph clearly reflected or 



“flipped” about the y-axis.
	Replacing x in this particular function with –x had the same effect on the graph as multiplying the original function by a negative because  (-x)3 = -x3.


3. Stretching and shrinking graphs

Vertical stretches and shrinks

	When a function is multiplied by a number whose absolute value is larger than 1, its graph is stretched vertically (upward).  The new graph ascends more rapidly than the original graph.  The dotted lines below represent the original graphs.
	
	When a function is multiplied by a number between 0 and 1, its graph is shrunk vertically.  The new graph ascends more slowly than the original graph.  The dotted lines below represent the original graphs.
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	 Multiplying f(x) by 3 

caused the graph to 

stretch upward.
	 Multiplying g(x) by 

2 caused the graph to stretch upward.
	Multiplying f(x) by 1/3 caused the graph to shrink vertically.
	Multiplying g(x) by 

1/2 caused the graph to shrink vertically.


Horizontal stretches and shrinks

	When x is multiplied by a number greater than 1, the graph shrinks horizontally.  This can look similar to a vertical stretch, but it isn’t the same thing.  
	
	When x is multiplied by a number between 0 and 1, the graph stretches horizontally.  This can look similar to a vertical shrink, but it isn’t the same thing.
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Once you understand how shifts, reflections, stretches, and shrinks work, you will be able to look at the equation for a function and predict how its graph will behave.  Conversely, you will be able to look at the graph and predict what the equation for the function will be.
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4. Putting it all together—drawing the graph from the equation

	Graph the function 
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	Step1

Begin by remembering what the basic function looks like.  The basic function here is 
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	Step 2

The negative in front of the function reflects or “flips” the graph about the x-axis.
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	Step 3

Adding 2 to x inside the grouping symbol shifts the graph 2 spaces to the left.
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	Step 4

Subtracting 4 from the function shifts the graph down 4 spaces.
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	Graph the function 
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	Step1

Begin by remembering what the basic function looks like.  The basic function here is 
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	Step 2

The 2 in front of the function stretches the graph vertically.
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	Step 3

Subtracting 1 from x inside the grouping symbol shifts the graph 1 space to the right. 
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	Step 4

Adding 3 to the function shifts the graph up 3 spaces.
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5. Putting it all together—writing the equation from the graph

	Write the equation for the function whose graph is seen below.  Build the equation by determining one element at a time.



	

	1. The shape indicates that the graph is based on f(x)=|x|.   We will write the function as f(x)=a|x|, where a will indicate both the graph’s reflection about the x-axis and its vertical stretch.   Before considering the value of a, look at the horizontal and vertical shifts.

2. The point (3,-4) has shifted from its original position of (0,0).  Because the graph has shifted 3 spaces to the right, 3 must be subtracted from x inside the absolute value symbols.          f(x)=a|x  ( 3| 

3. Because the graph has shifted 4 spaces downward, 4 must be subtracted from the basic function.           f(x)=a|x  ( 3| ( 4

4. Now we are ready to find the value of a.  To do this we will use (0,-13), the extra point that was given.  In the equation f(x)=a|x  ( 3| ( 4, replace f(x) with –13, the y coordinate from the point.   Replace x with 0, the x coordinate from the point.  The equation then becomes -13=a|0  ( 3| ( 4.  Now solve for a.

      -13 = a | 0 ( 3 | ( 4

      -13 = a |  ( 3| (4

-13 + 4 = a |  ( 3|

        -9 = a (3)

        -9 = 3a

        -3 = a

5. Now replace the a in f(x)=a|x  ( 3| ( 4 with –3.  The equation becomes f(x)=-3|x  ( 3| ( 4.
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6.  Can you write an equation for these graphs?

None of these graphs have a horizontal stretch or shrink.   Not all of them have a vertical stretch or shrink.   Look for a vertical stretch or shrink when an “extra” point is indicated.


	A.

Hint: (5,-4) is the point that indicates how much the graph shifted.

(0,0) is the extra point.

	B.

Hint:  There is no extra point, so it won’t be necessary to look for a vertical stretch or shrink.
	C.

Hint:  (4,-2) indicates how much the graph shifted.  (0,2) is the extra point.

	D.


	E.
	F.

	G.


	H.
	I.


	Answers


	

	A.  
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	F. 
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	G.  
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	C.  
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	H.  
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	D.  
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	I.  
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	E.  
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Some useful basic graphs and their equations
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