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Math{tavestigation 5,1,2 Getting Marted Name:

the patteons of chaage that occur in commbing the goaod deeds ol a Pag 0 Varsed soheme aod the
Erowimge pumber of bacteria ina cut are ssamplos ol eapronentiod groowtde G oo ol fune Ve, pet
thea name from the Tact that i vles Uhe N - 2 and 8- 07, the bpdnprentde pt satiabba 60 e ars a5 aty
eponent Asyou work on the problems (o this imvestigation, ook Tor ans sers 1o e e o stinns

What are the forms of NOW NEXT and "y < 7 rules for buste e sponentiof funie tions?
How con those rules be modified to model other siinitor potterns of ¢hange ?

Infections seldom stact with a single bacterium. Suppose that you cut yourself oo a mstynal that gty

25 bactena cells Into the wound Suppose also that those bactorla disde in tee alter e snt g quartar of

an hour

o Make and record a guess ol how many hacteria you think would be present io the cof sfter 2 hooes
(32 quarter hours) i the infection continues to spread as prodicted (Assume gour biod g dees rot

fight olf the infection and that you do not apply medic ation ) Then answer the follgming Guesting
to check your ability 10 estimate the rate of esponent)al growth

Guess
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b. Complete this table showlng the first several numbers in the bacteria grorenth pattern

R i L N e

;!jg_vglj;:gf Quarter-Mour Perlods B q ‘_.. : ‘ :_ 2' L 3.___; 4 i
! Number of Bacterla in the Cut 25 %0 ; |00 ‘go0 400 ’
~ - aa ~ —— - . - » - \‘J -

Z
€ Use NOW and NEXT to write arule slvovﬁnn how the numbier of bactena changes lrom one guarter
hour 1o the next, starting Irom 2% at time 0

Nexd =3 Now starting at 35

-— e

d Write a rule showing how 1o calculate the number of bacteria & 1o the cut alter v quarter hour

time p«:{: 35 (a,()

¢ Use the rules in parts ¢ and o to calculate the number of bacterls sfter 8 hours Then comgpare the

results to each other .\3(1 to your initial estimate 1o Part o v

3z 33 quartey
N=-35(27 17 374,182, w00 IS
— ; . ; = ;
| 03374834, E padtrivm  Cregited with Docer
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J Lompare

Some difoont
"“‘&Pgw' - Starh ng valves

b graphs of (number of time perfods, boacteria count) valuns

Some difffrenct
i oy . swr?sjn:gr(u)‘*
. fode Of Unongt

c. NOW-NEXT and “N = _." rules
me difforont

e s
";}’w %« 6130&\%.

the pattern of change in this situation to the simple case that stacted f

bacterium by noting similarities and differences In;
a tables of (aumber of time periods, bacteria count) values

rom a single

25
Next =0

Wl':;.l\‘ou‘

Now S‘U‘fﬁnq @as

5
y- 25(2%)
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3. Investigate the number of bacterla expected after 8 hours if the starting number of bacteria Is
30, 40, 60, or 100, instead of 25 for each starting number at time 0, complete partsa ~ ¢ wWork

with your partner to complete the work. 2 hy
Ved
a. Make a table of (number of time periods, bacterio count) values for 8 quarter-hour time periods
# Quarter 0 1 ? 3 a 5 6 - B
Hours | [——— Y S
# Bacteria 10 UO ‘ao a‘q’o qw qw ‘qao 38'40[_"0?0
In Cut L Pl e 1 il
.......... TR, o ]
%2 X2

g e | 8 1 2 3 a 5 6 7 8
1. RO (S |
stacen |40 | 3D | 160 | 380 | 04O | 6P |35} 5120 | 102D

——— b e — _.~~...,,_J
[ Quaner T ) 1 2 3 4 5 6 | 7 s |
Hours £ | 4 Lo Sk ]
it Bacterla
e | % [199 | 240 |USO |Fb0 |\220] g0 7% 153
it Quarter = AR R S e --']

a

TN W N TR S R IR T T Mt
it Bacteria P Eldpor
s | 0 |00 | oo | 50 | 00|30 [l04o0] amm{zoe
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b Write two rules that model the bacteria growth - one relating NOW and HEXT andd the other
beginning "N = .°

Rules for 30:

Next = 3-Now starting of 0

N -30()
Rules for 40:
Next = 8-Now  starhing a 50
\= 40 (3%)
Rules for 60:

Next =-Now saring af 0O
M= 00(2)

Rules for 100:
Next = Now - gtarfing 100
N= (00 (3%)
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c. Use each rule to find the number of bacteria after 8 hours and check to see that you get the same

result. o e
Oniginal # Bacteria 30 40 60
AUENE g
ours Po.,
N = .. at 8 Hours " " '
X g a9 xI0 |73 x 1D 396 x 10 1
e T T S A S —-

howrs N- 22 N-d40(3™)
d. Now compare results from two of the cases - starting at 30 and starting at 40.
i How are the NOW-NEXT and the “N =..7 rules similar and how are they different?

li. How are the patterns in the tables and graphs of (number of time periods, bactena count] data
similar and how are they different?

Made with Doceri




] 8 of 13
exponential growth.pdf Page 8 0

Just as bacteria growth won't always start with a single cell, other exponential growth processes can stan
with different initial numbers. Think again about the Pay It Forward scheme in Investigation 1

4 Suppose that four good friends declde 10 start their own Pay It Forward tree To start the tree, they eacd

do good deeds for 3 dilferent people. Each of those new people in the tree does good deeds lor 3 other ns
people, and so on
nvt PP

a. What NOW-NEXT rule shows how to calculate the number of goo{aeeds’dom ateach stage of thes tree?
e : 2 o[l]2]
x4 = 3-Now starting od | i
Nexdt & o ||2l§él

b. What “N= __" rule shows how to calculate the number of good deeds done at any stage x of thes tres?
N =4 (3)

¢ How would the NOW-NEXT and "N = _." rules be different if the group of friends starting the tree had 5
members instead of 4?

Next= 3-Now Staring o 1S

*)
d. Wmh of the Pay It Forward schemes below would most quickly reach a stage in which 1,000 good deeds
are done? Why does that make sense?

Scheme 1. Start with a group of 4 friends and have each person in the tree do good deeds for 2 ditferent
people. orp[. L * x=§

Scheme 2. Start with only 2 friends and have each person in the tree go goad;dccg!;lpv 3/‘}‘?"""’.“5’@ cCor S |

N=a(3%) x= 9
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In studying exponential growth_ it is helpful to know the initial value of the growing quantity. For example .
the Initlal value of the growing bacteria population in problem 1 was 25 You also need 10 know when the
initial value occurs For example, the bacterla population was 25 after 0 quarter-hour penod.

In problem 4, on the other hand, 12 good deeds are done at Stage 1. In this context, “stage 0 does not make
much sense, but we can extend the pattern backward to reason that N = 4 when x = 0,

5. Use your calculator and the 2] key to find each of the following values: 22, 3°, 5°, 23°
a. What seems to be the calculator value for b°, (or any positive value of b?

(ways i 8

b. Recall the examples of exponential patterns in bacterial growth. How do the “N « _.* rules for those
situations make the calculator output for b° reasonable?
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b Now use your calculator to make
values for x om0 ta 6

Ly =527 y~aly) iy« 3(%)

SR ) N, S T T

y = 5(27) 6 b G
A4 lD 2.9,

y=a(¥) "q ey ",*9;' : glo
——--;—j?m e e et ———— —— <y, Soa— T
B RN TSN TN

Y =7(2.5% vz W

] 7.6 H—:ns

‘-

U

108
315

— -

093§

e ye "z p’

b AR B

80
24
g3s
3344

|0
A2 129k
a3s.
b§3.59.

tabiles of («, y) values tor each of Ihe Toliawng (ane\ans e ictegar
Make notes of your abservations and diseus sesn of (uestsios in 2arts a snd b

f

’

f

350

|

A . E— ———_——

UL§IS
1708 ¢

2. What patterns do you see in the tables? How do the patterns depend on the rumbers in the functan

rule?

b. What differences would you expect to see in tables of values and graphs of the two exponents! furctons

y=3(6")andy=6(3
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7. Suppose you are on @ team studying the growth of bacteria in a laberatory expeniment. At the start of your
work shift in the 1ab. there are 64 bacteria in one petri dish culture, and the population seems (0 be doublng
every hour.

a. What rule shou'd predict the number of bacteria in the culture at a time z hours after the stan of your

work shift? N= qu (ax)

b. What would it mean o calculate values of y for negative values of x in this situation?

heg Novrs e ho's  inAinc post Ohrs ™
ﬂ - | ws {1l oum
Z hyvs 10 oM

c.Whatvalucofywwldmexpect fou- 17Forx=-27Fora= Jand -4?

N\3/[- b] -S| 4}-3]-21- LJO
ZANEIE TN l!al?
d. Use your calculator to e Lﬁle of (x, y) values tor the function y » 64(2°) when
x=0,-1,-2 -3, -4,-5, -6 Compare results 1o your espectalions in Part ¢ Then ecpalay how you could think
about Lhis problem of bacteria growth in a way so Ihat the calcutator results maks sense
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8. Study tables and graphs of (x, y) values to estimate solutions for each of the following equations and
inequalitios In each case, be prepared to explain what the solution tells about bactena growth in the

expermant of Problem 7.
a. 1.023 = 64(2Y)

X= -l
¢. 64{2") > 25,000
Yy =9
e. 64{2") < 5,000

Re? B2

b. 8,192 = 64{2")
X="]

d. 4 = 64(2")
e

f.64(2%) = 32

X= =
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