Section 5.1

1. (a)
X -1 0 1 2 3
_ M= [f-h= [f-D= _|[fe-h= | f3D)-
8 =/-D) 102 3|7 piny=0 | poy=21" An=11" f=-1i
h)
X -3 ) 1 0 1
_ f(=3+) = | f(=241) = f-1+1) = fo+1) = S+ =
h) = D) | 5 23 |7 ain=0|" fo=21" Ay=1]" =
()

X -2 ] 0 1 2
_ A+ 1= |[AD 1= (A0 +1= |[AD+I= [fD)+1-=
k) =3 1% 0y 53 |7 pny=0l" poy=21" an=11"" sn=-i

(d)  Since m(x) =fx—1) + 3, and fix—1) = g(x) from part (a), take the last row of the table
in part (a) and add 3 to each.

-1 0 1 2 3

X
gx)=fx-1) T— -3 0 2 1 -1

mEO)=f=DH+3 0 sia_ 0| 04323 | 243=5 | 1+3=4 | -1+3=2
=g(x)+3

2. (a) The function
results in
lowering the

temperature 2°F .

H=f#H-2
40 : 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 B B 10 12 14 16 18 20 22 24 B
(b) The function ar
H=ft-2) i
results in i
changing the B0t
heating schedule I
to start 2 hours L
later than before. i
S08——
40 : 1 1 1 1 1 1 1 1

2 4 B 8 10 12 14 16 18 20 22 24 %

(c) The building is warmer under the f{¢) schedule, where it is 70°F .
(d) The function f{f) — 2 saves the company the most.
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X
ap) | 4| 3]0 [5|12]21]32

The graph of g(p) is the graph of f{(p) shifted
horizontally 2 units to the left.

x | 3] 2]-1]0]1]2]3
hp) | 12]5 |0 | 3| 4]3]0

The graph of A(p) is the graph of f(p) shifted
horizontally 2 units to the right.
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10
g k(w) = 3"
5. 7 In each new graph, we draw the vertical asymptote as well as
B mark the point that corresponds to the point (0, 1) on
i the graph of k(w) = 3".
3
2
Gh4 321 | 123466%6
2
3L
(@ k(w)-3 = 3"-3 b  kw-3) = 3"°
100
9_
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?_
B+
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'eé-h-'s'z.H_1;/2'3'.&éé RGN | »o
RO
-3 y=-3 -3+
(c) k(w)+18 = 3"+ 1.8 d  kw+J5)=3""
10 10
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y=18 - -
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R NN T
21 2L
3L -3+
(e) k(w+21)—13 = 3" 2 _ 13 () k(w— 15)-09 =
10 N )
g ;) \(H) 10
y=kw+2.1)-13 g | 3 v—1.5)-0.9
7 ! g
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g
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y=_13 ! B5 43011 y=09
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6. In each figure, the graph of fis the dashed exponential function.

The graph of g is the graph of f'shifted horizontally 4 units to the left. Note g(x) = f(x + 4).
The graph of % is the graph of f'shifted horizontally 2 units to the right. Note /4(x) = f{x — 2).

7. (@) (b) (i) () ()  (d) V) () (1) (® (v)

8. Think of this graph as portions of two quarter-circles and a semicircle. s =c(?)

(@) s=c(t) +3 (b)  s=c(t+3) ‘ v
\\/ N
(©) s=c(t)-1.5 (d) s=c(t—1.5)

L

(e) s=c(t =2) +2 €3] s=c(t+0.5) -3

L
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Sketch by hand. You can check with a graphing calculator.

On a TI-83 or TI-83 Plus, you can find the absolute value function by pressing >
If you have another model, go to the Assistance with Graphing Calculators Web Page at
http://www.ipfw.edu/math/graphcalc.html.

(@) g)=[x[+1
If you have a TI-83 or TI-83 Plus, you can change the graph style of one of the functions using the
left arrow key and pressing ENTER.

Flabl Flotz Floks MEMORY I HOOL
~1Babaii) T eBo Bmin=-d.7 \/
W zBabsCH1+1 25 Zoom In Amax=d4.7
5: Foom Out nscl=1
EHZO=cimal Ymin=-3.1
=Lare Ymax=3
&2 £Standard ‘Yecl=1
FLETrig Ares=1

(b) hx)=|x +1]

Flotl Flotz Flots
My Babs () ///f
Y eHabsCH+12

() f)=[x-2|+3
Flobl Flokz Flobs I T HOIOL ‘\
Ny Babs R amin=-4.7
Y eBabs (Ho2a+3 Mmani=d. 7 \/

wacl=]1
‘Ymin=8

Ve l=1
Ares=1

@  Td)=5d)+1
(b)  Pd)=8d-1)

(a) n(r)=m(r)+2

®)  p(r)=mir—1)

() k(ry=m(r +1.5)

(d) w(@)=m(r—0.5)-2.5

@  h(x)=Ax) -2
(b) g =Ax+1)
() i)=fx+1) -2

(@  a(n=g) +0.5

(b) Check: If you substitute —1.5 in for ¢, your expression for b(¢) should make b(—1.5) = g(0).
Answer: b(f) =g(t +1.5)

(©) c(t)y=g(t +1.5)-03

(d) Check: If you substitute 0.5 in for ¢, your expression for d(f) should make 5(0.5) = g(0).
Answer: d(f) = g(t —0.5)

(e) e()=g(t —0.5+1.2

(a) A reasonable window is the standard viewing window: —10 <x <10 by -10 <y < 10.
Other choices are reasonable as well.

(b)  —100<x<100 by 0<y < 200.

Vertical shifts
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19.

20.

(a)
(b)
(©)

(a)

(b)

(c)

(d)

v = k2", where k is any arbitrary positive constant
y=2"+ b where b is any arbitrary constant
y = k2" + b where k is any arbitrary positive constant and b is any arbitrary constant.

H(7) =68 +93(0.91),
H(t+15)=68 +93(0.91)' ",
H(f)+ 15 =68 +93(0.91)" + 15 = 83 + 93(0.91)'

See graphs below.

Y ou might use the table feature to find appropriate values for a viewing window.

Recall from Section 4.3 that the graph of H(?) is the same as the graph of y =93(0.91)", only
shifted up 68.

Since the graph of y =93(0.91)" has a y-intercept of 93, then H(f) = 68 + 93(0.91)" has a y-
intercept of 93 + 68 = 161.

Since for large values of z, the graph of y =93(0.91)" will approach 0, then for large values of 7,
H(?) will approach 68.

This kind of thinking helps find n appropriate viewing window. You might also try using a table
feature of the calculator to get an idea of y-values.

L IHOOL
Amin=-Z8 1=EB+9Z0A11"]

#ecl=a The y-intercept of H(¢) is 161
Y= Ee In other words, H(0) = 161.

=il =161

Ye=EE+IE( AL (H+1ED

When ¢ =-15, H(t+ 15) is
the same as H(0), which is 161.

H=-1t =161

TE=EE+IE( 91N (H+1ED
For large values of ¢,

H(t) and H(t + 15) both
approach 68.

W=BH.E106%8 _¥=EB.005356 -

T E=aE+9E( 010+ 1E
For large values of ¢,

H(t) + 15 approaches 83,
(which is 15 more than 68).

W=O4.883617 _V=BE.01z2072 o

H(t + 15) is the graph of H(¢) shifted 15 to the left. It describes the temperature of a cup of coffee
that is identical to the one originally brought to class, only it was brought to class 15 minutes
earlier.

H(?) + 15 is the graph of H(¢) shifted 15 degrees Fahrenheit up. It describes the temperature of a
cup of coffee that was brought in at the same time as the original cup of coffee, only in a
classroom that is 15 degrees warmer. (It still cools at the same rate.)

As t gets very large, both H(¢) and H(t + 15) both approach the same value, 68 degrees
Fahrenheit. This is the temperature of the classroom. However H(f) + 15 approaches the value of
83 degrees Fahrenheit, which is 15 degrees warmer.
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21.

22.

23.

25.

(a)

(b)

(©)
(d)

(e)
(a)
(b)
(c)

(a)
(b)
(c)

(a)

(b)
(c)

(d)

(e)
®

A typical graph might be ‘/\

The value of T(6) is a temperature for a day in early January, 7(100) for a day in mid-April, and
T(215) for a day in early August. 7(371) = 7(365+6) should be nearly the same as 7(6).

T(d) = T(d +365) are average temperatures on days which are a year apart.

T(d +365) is the average temperature on the same day of the year 1 year earlier.

So the graph of y = T(d +365) should be similar to the graph of y = T(d).

T(d) +365 is a temperature on a day that is 365 degrees hotter than the average temperature.
Pretty unrealistic.

C(x) —50="750 + 1.082x, which means the fixed cost is $50 cheaper.

D(x) +250 =1250 + 15x, which means that the fixed cost (materials + tax) has been increased by
$250

D(x — 8) = 880 + 15x, which means it took the carpenter 8 hours less to do the job than it would
normally. It could also mean that you have a coupon where the first 8 hours are at no charge.
How nice!

t(x)=5+3xforx>0
n(x) =1+ #(x) (vertical shift)
px)=tx—2)+5forx>2

25000

20000

15000

(49,000, 11200)
10000

5000
(20,000, 3000)

20000 40000 E0000 80000 100000

The graph of I(d) + 200 is the graph of /(d) shifted up 200.

You owe $200 more in taxes than under the previous system.

The graph of I(d + 1000) is the graph of I(d) shifted to the left 1000.

Under this system, you first add $1000 to your taxable income and then use the old system to
compute your income tax. The system under /(d + 1000) could be interpreted as
“Exactly the same as the previous way, but eliminate $1000 worth of deductions.”
Bummer.

I(d + 1000)

Reason: We have /(d + 1000) = $2400 and /(d) + 200 = $2450

Yes. I(d) + 200 since we have I(d + 1000) = $6080 and /(d) + 200 = $6000
$19,385
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