Chapter 7 Exponential Functions

7.1 Characteristics of Exponential Functions,
pages 342 to 345

1. a) No, the variable is not the exponent.
b) Yes, the base is greater than 0 and the variable is
the exponent.
¢) No, the variable is not the exponent.
d) Yes, the base is greater than 0 and the variable is
the exponent.
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2.8 fl=4a b) gl = (3)

¢) x = 0, which is the y-intercept
3.a) B b) C ) A
4.3) flx) =3 b) /09 = ()
5. a) yA domain {x | x € R},
range {y |y > 0,y € R},
y-intercept 1, function
increasing, horizontal
asymptote y =0
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domain {x | x € R},
range {y | y > 0, y € R},
y-intercept 1, function
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) YA domain {x | x € R},
range {y | v > 0, y € R},
y-intercept 1, function
decreasing, horizontal
asymptote y = 0
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d) VA domain {x | x € R},

‘] range {y | y > 0, y € R},
N | y-intercept 1, function
decreasing, horizontal
asymptote y =0
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6. a) ¢ > 1; number of bacteria increases over time

b) 0 < ¢ < 1; amount of actinium-225 decreases

over time
¢) 0 < c < 1; amount of light decreases with depth
d) c¢ > 1; number of insects increases over time
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7. a) NA y The function
@ / N=2'is
S 12 exponential since
oo [N = 2t P X
g the base is greater
o E 8 than zero and the
= variable t is an
4
E “ exponent.
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0 2 4 6 |t
Time (days)
b) i) 1 person ii) 2 people
iif) 16 people iv) 1024 people
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8. a) If the population increases by 10% each year, the 13. a) IZY! b) The x- and

population becomes 110% of the previous year’s S/ g y-coordinates of

population. So, the growth rate is 110% or 1.1 y=[5{] .7 any point and the

written as a decimal. B KPP domains and ranges
b) [_[TPA ] T g 2 X are .interchanged. The

Kl bl b1 " v=x,T 1 Inverse horizontal asymptote

mo - - L 1 of y=5 becomes a vertical

gg; el .| _— ‘ v asymptote.

- ¢ x=5

,:ﬂ: £ > 14. a) Another\oway to express D = 277 is as

0 2 . 4 6 8 |1 D= (l) , which indicates a decreasing
Time (vears) 2

exponential function. Therefore, a negative value

domain {t| >0, t € R} and range {P| P > 100, P € R} of ¢ represents a greater value of D.

©) The base of the exponen't would becqme b) The diameter of fine sand (0.125 mm) is L the
100% — 5% or 95%, written as 0.95 in ) 256
decimal form. diameter of course gravel (32 mm).
d) - [ 15. a) 34.7 years i, b) 35 years .
gz 4| Ao-oss ~
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g g \\\ L — -~ ____,f"--
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w .= .~ Inkerseckion Inkerseckion
w B T 4 HEI4LEEFLIER Y=2 Heba0zFER V=2
0 2 4 6 8 |t .. R
Time (vears)| | ¢) The results are similar, but the continuous

compounding function gives a shorter doubling

inf{t|t>=0,t€R}and | !
period by approximately 0.3 years.

range {P| 0 < P < 100, P € R}
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o
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9.a) L=009" a1 a)
b [ [
== R Y
SE 05 i
g g U.J \_»
o= >
& | o 2 4 6]8d b)
Depth (10-m increments) Feature f(x) =3x g(x) = x® h(x) = 3*
¢) domain{d|d =0, d € R} and domain {x| x€R} {x| xe€R} {x| x€R}
range (L]0 <L <1, LeR) range WIveR) | WiyeR |l]y>0yeR)
d) 76.8% ) x-intercept 0, | x-intercept 0, | no x-intercept,
10. a) Let P represent the percent, as a decimal, intercepts y-intercept 0 y-intercept 0 y-intercept 1 '
of U-235 remaining. Let f represent tltme, in equations of 0
700-million-year intervals. P(f) = (%) asymptotes none none y=
b) [t PA ¢) Example: All three functions have the same
m g domain, and each of their graphs has a
S 1 y-intercept. The functions f(x) and g(x) have all
5E \ o — (1) key features in common.
ﬁgﬂé 0.5 AN HIEAZ d) Example: The function h(x) is the only function
%& | with an asymptote, which restricts its range and
0 3 ) 3 ) 1 e a results in no X—mtercep;.) i
Time (700-million-year intervals) X f(x) 6
€ 2.1 x 10° years 0 1
d) No, the sample of U-235 will never decay to 0 kg, 1 -2 8
since the graph of P(t) = (%)t has a horizontal 2 4 P R
asymptote at P = 0. 3 -8 ol 2] 4 %
11. a) fA=L.0ires - b) 64 years 4 16 8
F_,-J{ ¢) No; since the 5 -32
e amount invested ¢) No, the points do not -16
= triples, it does not form a smooth curve. The
matter what initial locations of the points —24
42T ¥=I.0BEYZET investment is made. alternate between above
d) graph: 40 years; rule of 72: 41 years the x-axis and below the |- 12‘
12. 19.9 years x-axis. 4
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d) The values are undefined because they result in
the square root of a negative number.

fx) = (=2) fx) = (=2)
LR
vz f3)-vew

e) Example: Exponential functions with positive
bases result in smooth curves.

7.2 Transformations of Exponential Functions,
pages 354 to 357

1.a C b) D ) A d) B
2.a) D b) A ¢ B d) C
3. a) 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
b) a = 1: no vertical stretch; 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
d) 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

e) a= —%: vertical stretch by a factor of % and a
reflection in the x-axis; b = 2: horizontal stretch
by a factor of %; h = 4: horizontal translation of

4 units right; k = 3: vertical translation of 3 units up
f) 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
g) a = 1.5: vertical stretch by a factor of 1.5;

b= %z horizontal stretch by a factor of 2; h = 4:

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

vertical translation of g units down

4. a) C: reflection in the x-axis,a < 0and 0 < ¢ < 1,

and vertical translation of 2 units up, k = 2

b) 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

d) B: horizontal translation of 2 units right, h = 2,
and vertical translation of 1 unit up, k =1

5.a) 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

Ve o Y@ y=daeri2
276 bg) | 3] | (5
S A S I 7

on an | by 63
04 | 14 | (12 @4
(2,16) | (-=2,16) (—2.8) (1,10)

) VA d) domain
" V= 1_( Y (x| x € R},
i range
. vly>2yeR}
© \ horizontal
\ asymptote y = 2,
6 \ y-intercept 34
4
N

2 -

< >
0 2 4 | 6X

Y

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

jii) y;\* iv) domain {x | x € R},
v=203)+4 range {y | y > 4,y € R},
9 horizontal asymptote
A v = 4, y-intercept 6
2
l A
Sl dal 270] X
Y
b) i), ii) a = —1: reflection in the x-axis; b = 1:

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

iiii) mA iv) domain
{r|reR},
= — range
{m|m<2,meR],
< > .
< - ” horizontal
2l 4 r

asymptote m = 2,

nJ

m-intercept 5

\ r-intercept 4
—_@yr2h2)\
y 3

: vertical stretch by a factor of %;

=]
=b

) i)ii) a=

W=

b = 1: no horizontal stretch;
h = —1: horizontal translation of 1 unit left;
k = 1: vertical translation of 1 unit up
i) A
y==@1, //

w|—

A
XY

-4 210
Y
iv) domain {x | x € R}, range {y | y > 1, y € R},

horizontal asymptote y = 1, y-intercept %
d) i), ii) a = —%; vertical stretch by a factor of % and
a reflection in the x-axis; b = %: horizontal

stretch by a factor of 4; h = 0: no horizontal
translation; k = —3: vertical translation of
3 units down
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i) [ nA = 9. a) 0.79 represents the 79% of the drug remaining in
Sl el Jdal 220 2 | 4 6 |5 exponential decay after % h.
2 b) [ MA
p—— uED 100
] ke £ \
/ ) =-3513] 3 £--80
/ 6 ©
/ = h
d ) (AN~ M(h) = 100(0.79)°
[» = JU \
iv) domain {s | s € R}, range {n | n < —3, n € R}, 2
I
horizontal asymptote n = —3, n-intercept —% E 40 \
7. a) horizontal translation of 2 units right and vertical E 0
. oo (1Y &7
translation of 1 unit up; y = (E) +1 = \‘_’
b) reflection in the x-axis, vertical stretch by a factor 0 10 20 | 30 40 h
of 0.5, and horizontal translation of 3 units right; Time|(h
y= —(.)'5(5']M ) ) ¢) The M-intercept represents the drug dose taken.
) reﬂectlonlm the x-axis, horizontal stretch by a d) domain{h|h >0, heR)
factor of T and vertical translation of 1 unit up; range {M | 0 < M < 100, M € R}
3 (1 )Sx 1 10. a) a = 75: vertical stretch by a factor of 75;
Y="\3 b= %z horizontal stretch by a factor of 5;

d) vertical stretch by a factor of 2, reflection in

h = 0: no horizontal translation;
the y-axis, horizontal stretch by a factor of 3,

k = 20: vertical translation of 20 units up

horizontal translation of 1 unit right, and vertical b) A
1
translation of 5 units down; y = 2(4)_3["_1] -5 ] \
8. a) \ 7 Map all points (x, y) &80
~ t
\ 11l on the graph of f(x) gL T(t) = 75(0.9)5 + 20
4 y=l5] [+ to(x+2,y+1). ;E:' o0 \
g 4 N\
2 E N
D — f_ﬂ n [ e
< = . &
J2Tof 2 qiyd X 5 S
v T12) ©l |0 40 80 120 160 t
b) IZY! Map all points (x, y) Time (min)
/0 £ g on the graph of f(x) ) 29.1°C d) final temperature of the coffee
Vi to (x + 3, —0.5y). 11. a) P =5000(1.2)"
N b) a = 5000: vertical stretch by a factor of 5000;
3>
-2 .0 2N\4 X b= %: horizontal stretch by a factor of 2
2 . 3\ €) [H=EMbLEI LR approximately
=r_ S(5) 7| 11 357 bacteria
A L
) VA Map all points (x, y) B —
\ oo = (M) on the graph of f(x)
T to (%X -y +1) ] [EFE e
< - _ 1\hs
< > 0o B 4 L7 12. a) P= 100(5)5730
5 (s b) approximately
v+ 1 13 305 years old
v T
d) VA § Map all points
g (x, y) on the e
\ 2 Jy graph of f(x) to ﬁgﬁ?lf{'é"?g Y=zil
P | (=3x 41,2y - 5). 13. a) 527.8 cm? b) 555h
N _2 2 4 67( 14. a) 1637 foxes
A N b) Example: Disease or lack of food can change the
“Ny=2@*F 45 rate of growth of the foxes. Exponential growth
suggests that the population will grow without
yi| N
- ~—__ | bound, and therefore the fox population will grow
v beyond the possible food sources, which is not

good if not controlled.
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€1 Example: The graph of an exponential function of the

form y = ¢* has a horizontal asymptote at y = 0. Since
v # 0, the graph cannot have an x-intercept.

€2 a) Example: For a function of the form

y = alc)’™*~" + k, the parameters a and k can
affect the x-intercept. If a > 0and k< O0ora <0
and k > 0, then the graph of the exponential
function will have an x-intercept.

b) Example: For a function of the form
y = alc)’™*~" + k, the parameters a, h, and k can
affect the y-intercept. The point (0, y) on the graph
of y = ¢* gets mapped to (h, ay + k).

7.3 Solving Exponential Equations, pages 364 to 365

> w

o n

10.
11.

12.

13.

14.
15.

. a)

.a) 22 b) 2° o 2° d) 2°
a) 2°and 2* b) 3**and 3°
2X 2x—2
) (%) and (%) d) 27%+6and 2%
a) 4?2 b) 4% ) 4° d) 4°
a) x=3 b) x=-2 ¢) w=3 d) m:%
a) x=-3 b) x=-4 ¢ y:% d k=9
a) 10.2 b) 11.5 ¢ -2.38 d) 18.9
a) 58.71 b) —1.66 c¢) —5.38 d) -8
e) 2.71 f) 1443 g) —3.24 h) —1.88
RA b) approximately 5.6 °C
& c) approximately 643
& 800, d) a imately 13.0 °C
< pproximately 13.0
= 600
S
&
o 400
2 I
% ZOO-R 100(2.7)8
-2
————>
0 10 | 20T
Temperature (°C)
.3h
4 years
a) A =1000(1.02)" b) $1372.79 «¢) 9 years
— (L)s5 1 ioi
a) C= (2)“ b) 33 of the original amount

c) 47.7 years

a) A =500(1.033)" b) $691.79

c) approximately 17 years

$5796.65

a) i) x>2 ii) x>—%

b) i) l"l.l‘ Since the graph of

! y = 2% is greater
! than (above)
& the graph of
=" y= 4x+1 when
x > 2, the solution

.Inl:-zr:t-:ti‘:-n

= b '=E4
isx > 2.

i) ' Since the graph
of y = 81~ is less
than (below) the

L graph of y = 2721
— B when x > _Q’ the
Inkerseckion 2
H=-lE PR R g |

solution is x > —%

16.

17.
18.

C1

c2 a)

1.
2.

3.
4.

5.

X+3
¢) Example: Solve the inequality (%) > 2% 1,
Answer: x < —1
Yes. Rewrite the equation as (4%)? + 2(4¥) — 3 = 0 and
factor as (4 + 3)(4*—1)=0;x=0
5)3
(29 = (22) = 76.1
20 years
a) You can express 16 with a base of 4 by writing 16
as 4 and simplifying.
16% = (42)?
16% = 4*
b) Example: You can express 16* with a base of 2 by
writing 16 as 2* and simplifying.
162 — (24)2
162 = 28
Or, you can express 16* with a base of % by
-2
writing 16 as (l) and simplifying.

-l

1 —4
16 = (3]
16% = 8*~3 b) Step 1: Express the bases on
(24)>x = (28)x=3 both sides as powers of 2.
28% = 239 Step 2: Apply the power of a
8x=3x-9 power law.
5x = —9 Step 3: Equate the exponents.
X = _% Step 4: Isolate the term

containing x.
Step 5: Solve for x.

Chapter 7 Review, pages 366 to 367

a) B b) D ) A d) C
a) 2 v Z
-2 1.7 :
1 33 V= 0.3*
0 1
1 0.3
2 0.09
-2 .0 2 X
Y

b) domain {x | x € R}, range {y | y > 0, y € R},
y-intercept 1, function decreasing, horizontal
asymptote y = 0

1\
r=(3)
a) Since the interest rate is 3.25% per year, each

year the investment grows by a factor of 103.25%,
which, written as a decimal, is 1.0325.

b) $1.38 c) 21.7 years

a) a = —2: vertical stretch by a factor of 2 and
reflection in the x-axis; b = 3: horizontal stretch
by a factor of 1. h = 1: horizontal translation of
1 unit right; k = 2: vertical translation of 2 units up

b)

Transformation | Parameter Value | Function Equation
horizontal stretch b=3 v =43
vertical stretch a=-2 y=-2(4)
translation left/right h=1 y= 4y
translation up/down k=2 y=4+2
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Chapter 8 Logarithmic Functions
8.1 Understanding Logarithms, pages 380 to 382

1. a) i) [Z i) y=1log, x
iii) domain
2
=22 {x| x>0,x€R}
_ N range {y | y € R},
N BERN) 2 X x-intercept 1, no
Sl y-intercept,
“1vi=log, x vertical asymptote
" x=0
b) i) [k [vA i) y=log, x
\ 4 Yy|=log; X jii) domain’
? x| x>0,x€R}
range {y | y € R},
v [ Xx-intercept 1,
< __ \3) no y-intercept,
"0 4 [ vertical asymptote
) 4 I x=0
2.a) log, 144 =2 b) log, 2=+
¢) log,0.00001=-5 d) l(zg7 (v+3) =2x
3.a) 52=25 b) 8 =4
¢ 10° =1 000 000 d) 1"=x+3
4.2 3 b) 0 9 3 d -3
5.a=4;b=5
6.a) x>1 b) 0<x<1  x=1

d) Example: x =9
7. a) 0 raised to any non-zero power is 0.
b) 1 raised to any power is 1.
¢) Exponential functions with a negative base are
not continuous.
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