Lecture /7 - May 22

e 2.5 Transformations

Upcoming Deadlines

e 2.3-5,3.3 Homework (May 24)
e Exam 1 (May 25)
e A.3-4,4.1-3 Homework (June 1)
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Translations (Shifts)
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Stretching/Compression
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Summary

To Graph:

SUMMARY OF GRAPHING TECHNIQUES

Draw the Graph of f and:

Functional Change to f(x)

Vertical shifts
y=flx)+k k=0
y=f(x)—k k=0

Horizontal shifis
y=flx+h), h=0
y=flx—h), h=0

Compressing or stretching
y=af(x), a=0

y=flax), a>0

Reflection about the v-axis

y = f(x}

Reflection about the y-axis

¥ = fi-=x)

Raise the graph of fby k units.
Lower the graph of f by k units.

Shift the graph of fto the left i units.
Shift the graph of fto the right /i units.

Multiply each y-coordinate of y = f(x) by a.
Stretch the graph of fvertically ifa > 1.

Compress the graph of fvertically if 0 << a << 1.

Multiply each x-coordinate of y = f(x) by l
a

Stretch the graph of fhorizontally if 0 < a < 1.

Compress the graph of fhorizontally if 2 = 1.

Reflect the graph of fabout the x-axis.

Reflect the graph of fabout the y-axis.

Add kto f(x).
Subtract k from f{x).

Replace x by x + h.
Replace x by x — h.

Multiply f{x) by a.

Replace x by ax.

Multiply f{x) by —1.

Replace x by —x.

Hint: Although the order in which transformations are performed can be
altered, you may consider using the following order for consistency:

1. Reflections

2. Compressions and stretches

3. Shafts
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Example: Matching 1

A y=x>+2
E.y=(x—-2)
Ly=2x
N

=
|

=-x2+2

= —(x +2)?
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Example: Matching 2

Cy=|x+2
G y=|x-2
K.y =2|x|
9. y
i
L L1,
-3 3x

D.y=—|x| +2
H y=—|x+ 2|
L.y = —2|x|
10. y
3
L I L,
-3/ N3 X
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Example
In Problems 63-66, the graph of a function f is illustrated. Use the graph of f as the first step toward graphing each of the following
functions:

(a) F(x) = f(x) + 3 (b) G(x) = f(x + 2) (c) P(x) = —f(x) (d) H(x) = f(x + 1) = 2

(e) Q(x) = %f(-t‘) (f) g(x) = f(—x) (g) h(x) = f(2x)
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Graph 1

flx) =2 =1
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Graph 2

f(x) = —Vax
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Graph 4

g(x) =2[1 — x



Graph 5

v(x)=-4-|x+1 |
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Graph 6

r(z)=-3vz—1+4
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Graph 7

Find the interval(s) where the following function is increasing, decreasing, or constant.

'U(:E):—(a:—|—5)4—|—2
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Example: Digital Music Revenues

78. Digital Music Revenues The total projected worldwide

digital music revenues K, in millions of dollars, for the years
2005 through 2010 can be estimated by the function

R(x) = 170.74% + 1373x + 1080

where x 1s the number of years after 2005.

(a) Find R(0), R(3), and R(5) and explain what each value
represents.

(b) Find r = R(x — 3).

(c) Find r(3). r(8), and r(10) and explain what each value
represents.

(d) In the model r, what does x represent?

(2) Would there be an advantage in using the model r when
estimating the projected revenues for a given vyear
instead of the model R?

Source: eMarketer.com, May 2006
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Example: Modeling 1

23. Time Required to Go from an Island to a Town An island (El) I a person can row a boat at an average Speed of

is 2 miles from the nearest point P on a straight shoreline. 3 miles per hour and the same person can walk 5 miles
A town is 12 miles down the shore from P. See the per hour, build a model that expresses the time T that
iltustration. it takes to go from the island to town as a function of
the distance x from P to where the person lands the
boat.
(b) What is the domain of 77
.. ¢) How long will it take to travel from the island to town if
i\ e % 0 Town\ﬁ;k (c) g é ‘
T * % the person lands the boat 4 miles from P?
Sis! {53 |12 - 2= (d) How long will it take if the person lands the boat 8 miles
= ) from P?
| 7
. 4
e
Island
!v-‘,a
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Example: Modeling 2

25. Constructing an Open Box An open box with a square base
Is to be made from a square piece of cardboard 24 inches on
a side by cutting out a square from each corner and turning
up the sides. See the figure.

X
24 in. I I
X

(a) Express the volume V of the box as a function of
the length x of the side of the square cut from each
corner.

(b) What is the volume if a 3-inch square is cut out?

X X
«=—24in.—

(c) Whatis the volume if a 10-inch square is cut out?
(d) Graph V = V(x). For what value of x is V' largest?
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Example: Modeling 3

11. Geometry A wire 10 meters long 1s to be cut into two
pieces. One piece will be shaped as a square, and the other
piece will be shaped as a circle. See the figure.

yul (6] x
dx
7
0m =
10 — 4x
A

(a) Express the total area A enclosed by the pieces of wire
as a function of the length x of a side of the square.
(b) What is the domain of A?

% (c) Graph A = A(x). For what value of x is A smallest?
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Example: Modeling 4

26. Constructing an Open Box An open box with a square
base is required to have a volume of 10 cubic feet.
(a) Express the amount A of material used to make such a
box as a function of the length x of a side of the square
base.

(b) How much material is required for a base 1 foot by
1 foot?
(c) How much material 1s required for a base 2 feet by
2 feet?
% (d) Use a graphing utility to graph A = A(x). For what
| value of x i1s A smallest?
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