Day 56 - Transformations of Exponential Functions after.notebook May 23, 2013

Transformations of
Exponential Functions

Focus on...

» applying translations, stretches, and reflections to the graphs
of exponential functions

» representing these transformations in the equations of
exponential functions

* solving problems that involve exponential growth or decay
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Link the Ideas

The graph of a function of the form f(x) = a(c)*** + k is obtained by
applying transformations to the graph of the base function y = ¢*, where

c> 0.
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Example 1
Apply Transformations to Sketch a Graph

Consider the base function ¥ = 3*. For each transformed function,
i) state the parameters and describe the corresponding transformations
ii) create a table to show what happens to the given points under

each transformation

y=3

EE

(0, 1)
(1,3)
(2,9)
(3,27)
iii) sketch the graph of the base function and the transformed function

iv) describe the effects on the domain, range, equation of the horizontal
asyvmptote, and intercepts

a) y= 203
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Solution

a) i) Compare the function y:.2-[3]"j}tc- v = ale)*" + k to determine

the values of the parameters.

* b = 1 corresponds to no horizontal stretch.

* a = 2 corresponds to a vertical stretch of factor 2. Multiply the
y-coordinates of the points in column 1 by 2.

* h = 4 corresponds to a translation of 4 units to the right. Add 4
to the x-coordinates of the points in column 2.

* k = 0 corresponds to no

ii) Add columns to the table representing the transformations.

y=3  y=2Q@F | y=203p* | (X 5) .\H aj)
3 (3 23)
3“\{- (0, 1) (0, 2) (4, 2)
(1, 3) (1,6) (5, 6) < \
(2 9) (2, 18) (6 18) u‘\A ) 'h"ﬂ-

(3. 27) (3, 54) (7, 54) 3 \l\\"

iii) To sketch the graph, plot the points from column 3 and draw a L& x=°

smooth curve through them.
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iv) The domain remains the same: {x | x € R].
The range also remains unchanged: {v | y > 0, v € R}

The equation of the asymptote remains as v = 0.

There is still no x-intercept, but the y-intercept changes to % or

approximately 0.025.
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Y= 3’( Homework

>
- (¥, )-—"(Sx "{3‘3 ‘53

i) state the parameters and describe the corresponding transformations
ii) create a table to show what happens to the given points under
each transformation
ili) sketch the graph of the base function and the transformed function
iv) describe the effects on the domain, range, equation of the horizontal
asymptote, and intercepts
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Solution
b) i) Compare the function y = —%[3]%‘ — 5toy=alg)"+ kto
determine the values of the parameters.
* b= % corresponds to a horizontal stretch of factor 5. Multiply
the x-coordinates of the points in column 1 by 5.
*q= % corresponds to a vertical stretch of factor 1 and
a reflection in the x-axis. Multiply the y-coordinates of the
points in column 2 by -1
* h = 0 corresponds to no horizontal translation.
* k= —5 corresponds to a translation of 5 units down. Subtract 5

from the y-coordinates of the points in column 3.

ii) Add columns to the table representing the transformations.

1 1 1
y=3  y=3"  y=-la¥  y=-lo¥-s |
1 1 1 1
(-1.3) (s3] (~5.-2) (~s.-2
©.1) ©1) (0.-3) (-1
(1,3) (5 3) (5.-3) (5-2)
29 (10,9) (10.-%) (10-1)
3,27) (15, 27) (15-%) (15.-%)
iii) To sketch the graph, plot Iz
the points from column 4 24
and draw a smooth curve _
through them. il
]
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curves have different P
horizontal asymptotes? NEEG T8 5 I b %
2 13
m - J"'Z'I__'____ il i
L[ 3T [g (s | 18)
1 eI T L T N T2
J[10=2)
I { 37\
s
. \
| vEiEE s
2 3 \
) 4 1

iv) The domain remains the same: {x | x € R}.

The range changes to {y | v < —5, ¥ € R} because the graph of the
transformed function only exists below the line y = —5.

The equation of the asymptote changes to y = —5.

There is still no x-intercept, but the y-intercept changes to —%

or —5.5.

May 23, 2013
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Homework

#1-7 and #10 on page 354
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7.2 Transformations of Exponential Functions,
pages 354 to 357

1. a)
2. a)
3. a)

b)

c)

d)

e)

4. a)

b)

)

d)

5. a)

b)

C by D ) A d) B
D b} A ¢« B d C
a = 2: vertical stretch by a factor of 2; b= 1: no

horizontal stretch; h = 0: no horizontal translation;

k = —4: vertical translation of 4 units down

a = 1: no vertical streich; b = 1: no horizontal
stretch; h = 2: horizontal translation of 2 units
right; k = 3: vertical translation of 3 units up

a = —4: vertical stretch by a factor of 4 and a
reflection in the x-axis; b = 1: no horizontal
stretch; h = —5: horizontal translation of 5 units
left: k = 0: no vertical translation

a = 1: no vertical stretch; b = 3: horizontal stretch

by a factor of %; h = 1: horizontal translation of

1 unit right; k = 0: no vertical translation
a= —%: vertical stretch by a factor nf% and a
reflection in the x-axis; b = 2: horizontal streich

by a factor of 1. h = 4: horizontal translation of

4 units right; k = 3: vertical translation of 3 units up

C: reflection in the x-axis,a<0Dand 0 < c < 1,
and vertical translation of 2 units up, k= 2

A: horizontal translation of 1 unit right, h = 1,
and vertical translation of 2 units down, k= -2
D: reflection in the x-axis, a < 0 and ¢ > 1., and
vertical translation of 2 units up, k= 2

B: horizontal translation of 2 units right, h = 2,
and vertical translation of 1 unitup, k=1

a= %: vertical stretch by a factor of %;

b = —1: reflection in the y-axis; h = 3: horizontal
translation of 3 units right 3; k = 2: vertical
translation of 2 units up

1 1
= = = —tx—31
y=4" y=4= ¥ Et‘] ¥ 2{4] + 2

27s) | (276) | (235 | (%)
a0 | (s) | (eF)
on | en | (g [53)

1.4 | (=14 (=12) (2.4)

(2,16) | (-2 16) (—2.8) (1, 10)

f)

E)

)

a = —1: reflection in the x-axis; b = 2: horizontal
stretch by a factor of %; h = 1: horizontal translation

of 1 unit right; k = 0: no vertical translation
a = 1.5: vertical stretch by a factor of 1.5;
b= %: horizontal stretch by a factor of 2; h = 4

horizontal translation of 4 units right: k= —%:

vertical translation of % units down

VA d) domain

vie LAy 3 2 {X|X€R],
4 range
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| y-intercept 34
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6. a)

i), ii) a = 2: vertical stretch by a factor of 2;

b = 1: no horizontal stretch; h = 0: no horizontal
translation; k = 4: vertical translation of 4 units up
VA iv) domain (x| x € R],

yE26r+4, range v | v = 4,y € R},
b horizontal asymptote
= ¥ = 4, y-intercept 6

2
[

Sl T2 o] %
A 4

b) i), ii) @ = —1: reflection in the x-axis; b = 1:

7. a)

b)

)

d)

no horizontal stretch; b = 3: horizontal
translation of 3 units right; k = 2: vertical
translation of 2 units up

i) [ A iv) domain
{r| reRl,
- range
P
= {m|m<2,meR],
il L. .
“0 5 NI horizontal
asymptote m = 2,
2 P 15
m-intercept —-,
4 \ r-intercept 4
er =yt 2\
v .

horizontal translation of 2 units right and vertical

x—2
translation of 1 unit up; y= [%) +1

reflection in the x-axis, vertical stretch by a factor
of 0.5, and horizontal translation of 3 units right;
y= —05(5)?

reflection in the x-axis, horizontal stretch by a

factor of %, and vertical translation of 1 unit up;

1 dx
y= (3] +
vertical stretch by a factor of 2, reflection in
the y-axis, horizontal stretch by a factor of 3,
horizontal translation of 1 unit right, and vertical

1
translation of 5 units down; v = 20473 " -5

c) i), ii) a= %: vertical stretch by a factor of %;

b = 1: no horizontal stretch;
h = —1; horizontal translation of 1 unit left;
k = 1: vertical translation of 1 unit up
iiii) vk
y==%4}l’“+‘| 4 _fl

24

Sl a2 o] [X
4
domain [x | x € R}, range {y | y > 1, v € R},

v

—

. . 7
horizontal asymptote y = 1, y-intercept =

d) i), ii) a= —%: vertical stretch by a factor of 1.nd

a reflection in the x-axis: b — X: horizontal
stretch by a factor of 4; h = 0: no horizontal
translation; k = —3: vertical translation of

3 units down

i) [ Y'Y R
Sl 642 p 214165
2z

L~ —4 1
MEETTE
» g|nEl =513 +3
¥ v
iv) domain {5 | s€ Rl,range [n| n< —3. n € RJ,
horizontal asymptote n = —3, n-intercept —%

10. a) a = 75: vertical stretch by a factor of 75;
b= %: horizontal stretch by a factor of 5;

h = 0: no horizontal translation;
k = 20: vertical translation of 20 units up

b) [TA
S s\
~1 1
w
'E -9 \\ Tt) = 75(0.9)= + 20
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¢ 29.1°C d) final temperature of the coffee
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