Do now: Precalc Today L63

Solve for ¢ o
200 = 100 go-07t doubling time
half life

L63 questions  Student pairs
7(doubling)

11/41(bacteria)

13

25&27(C-14)



PC 5th Ch. 3-5, p. 335-338 y=Aex L63
Finance  In Exercises 7-14, complete the table for a sav-
ings account in which interest is compounded continuously.

Initial A  Annual K Time to - Amount After
Investment % Rate  Double 10 Years Y (1 O)

7. $1000 12%

8. $20,000 105%
9. $750 73 yr
10. $10,000 12 yr
11. $500 $1505.00
12. $600 $19,205.00
13. 4.5% $10,000.00
14. 8% $20,000.00
1 to Amount after alf-life nitia mount After
ub;e 10 Yea:s Isotope gfezrri{ IQutani,-ty ?000 y:arj; 41. 61.16 ho
58. 4.64
8 yr $3,320.12 25. 2Ra 1620 10g 652¢ 59. 4.95
Syr $1,834.37 27. H4C 5730 226¢g 2g 60. 1.S§>3<i0-
yr $150500 g9, 29py 24,360 216 21 6621'1(1)? i

4yr $10,000.00 63. 10



PC 5th Ch. 3-5, p. 335-338 y=Agkt L63
Finance  In Exercises 7-14, complete the table for a sav-
ings account in which interest is compounded continuously.

Initial A  Annual K Time to __ Amount After
Investment % Rate  Double T 10 Years Y(1 0)

7. $1000 12% 5776 yr $3320.12
8. $20,000 103%  6.601yr $57,153.02
9. $750 k=8.9438% / yr 7% yr $1834.37

10. $10,000 k=5.776%/yr 12yr $17,817.94

11. $500 k=11.019% /yr 6.299yr  $1505.00
12. $600 k=34.66% /yr  200yr  $19,205.00
13. $6,376.28 45%  15403yr  $10,000.00

14. $8,986.58 8% 8.66 yr $20,000.00
Initial Annual Time to Amount after Half-life Initial Amount After
Investment % Rate Double 10 Years Isotope (Years) Quantity 1000 Years 41. 61.16 hours
7. $1000 12% 578yr  $332012 g5 R, 1620 10g 6528 55‘; ‘{4'_";5
9. $750 89438%  775yr  SL8MIT g7 1 5730 226¢ 2g 60. 1.58x10-Smoles/liter
11. $500 11.0% 6.3 yr $1,505.00 29, 29py 24,360 216 2g 6621.-];?‘3-’ = 6.3 x 107* moles per liter
13. $6376.28 4.5% 154 yr $10,000.00 6. 10

15. $112,087.09



Rule of 69 (and 70 and 72)



Average Annual Inflation
by Decade
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In Exercises 25-30, complete the table for the radioactive Le3
isotope.

y=A(112)tIT Half-life Initial Amount After  when

Isotope

25. #*%Ra
26. **Ra
27. *C
28. “C
29. 2%y
30. #°Pu

Initial
Investment

7. §1000

9, §750

11, $500

13, §6376.28
15, §112,087.09

Annual
% Rate

12%
8.9438%
11.0%
4.5%

Time to
Double

518 yr
175y
6.3 yr

154yt

T A y(1000) !

Time

(years) Quantity 1000 Years ™™

is 0.1g
1620 10 g
1620 15¢g
5730 2g
5730 g
24,360 21 g
24,360 04 ¢
Amount afte Halflife  Initial Amount After
10 Years Isotope ~ (Years) Quantity 1000 Years 41, 61.16 hours
58.4.64
PR w10 0g 6 g 405
ST om0 265 g 60. 15810 moles/liter
$150500 99, 29py 24360 26g 2g 61, 1072 = 6,3 x 10~ moles per liter
62, 107
$10,000,00 6. 10



In Exercises 25-30, complete the table for the radioactive L52
isotope.

25.
26.
27.
28.
29.
30.

Initial
Investment

7. §1000

9, 750

11, $500

13, §6376.28
15, §112,087.09

Isotope

226R 4
226Ra
14C
1 4C
239Pn

239Pu

Annual
% Rate

12%
8.9438%
11.0%
4.5%

Time to
Double

5.8 yr
INAS
6.3 yr

154y

Half-life

(years)
1620

1620
5730

5730
24,360
24,360

Amount after
10Years Isotope

$332012 95 2,
SISUIT g1 i
$150500 99, 28py
$10,000,00

Initial

Quantity

10¢g
?.509

7.?49
3g

7,/é<7>

O.Llnj

Half-life
(Years)

1620
5730
24,360

Initial
Quantity
10g
226¢
2168

Time
Amount After ~ "he" .
amoun
1 OOfO Years s 0.1g
£.52 9
15¢g
2g
2. 46 9
21¢g
04¢g
Amount After
1000 Years ‘2' 6:)'416 hours
58.4.
6328 50, 495
28 60. 1.58x10 moles/liter
g 61, 10732 =~ 6,3 x 10™* moles per liter
' 62. 10"
63. 10



Carbon-14 Dating Willard Libby near page L63
1960 Nobel Prize in Chemistry

C-14 creation by cosmic rays:

2 atoms/second/square centimeter
cosmic ray proton C-14 decay rate:

k\‘ nucleus of atom Carbon dioxide @ 15d ecayS/m in Ute/g ram
\ takes carbon-14
\ into the food
cycle.
14 0,
@ o Beta-minus Decay

Carbon-14 Nitrogen-14
P \ e Antineutrino Electron
Radioactive carbon-14 @ ‘= + ] + ]
is present in all

living organisms.

6 protons 7 protons
8 neutrons 7 neutrons
Carbon dioxide \ 14

takes it into the
food cycle.

Co,

0,

mass spectrometry oxalic acid standard
versus wood from 1890



41. Bacteria Growth  The number of bacteria N in a
culture is modeled by

N = 250ek
where 7 is the time in hours. If N = 280 when

t = 10, estimate the time required for the population
to double in size.



BaCte rlal G rOWth Near pages L63-L64
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Doubling times (Generation times) for some common bacteria under optimal conditions of growth.

Bacterium | Medium IGeneration Time (minutes) |
»||Escherichia coli |Glucose-salts | 17 |
Bacillus megaterium | Sucrose-salts | 25 |
Streptococcus lactis | Milk | 26 |
|Streptococcus lactis ||Lactose broth ||48 ‘
IStaphoncoccus aureus ||Heart infusion broth ||27-30 |
dLactobacillus acidophilus [Milk |66-87 |
Rhizobium japonicum |Mannitol-sa|ts-yeast extract |344-461 |
Mycobacterium tuberculosis |Synthetic |792-932 |
Treponema pallidum | Rabbit testes | 1980 |




Sheet 558 L64

1. Solve for the unknowns to 3 significant figures.
Use algebra. You may check with the calculator.

(@) 30 = 60e™%"

(b) 120 = A’



2. The number of bacteria in a culture, y, is modeled L64
by y=400¢" . where # is the time in hours.

(a) Find k1f (¢, y) = (3. 600) is on the graph of y.
Write & to six decimals.

(b) Using part (a), find the number of bacteria y
after # = 4 hours. Round down.

(c) Find the doubling time, 7., to 4 decimals.

(d) Find the value of ¢ for which y = 1000 bacteria.



3. The radioactive isotope Rubikskubium-299, Rk, L64
could have a half life of 3 attoseconds. If there
were 40 femtograms of the isotope at zero
attoseconds. how much of the isotope is there after
the following time intervals?

(a) 12 attoseconds (answer exactly).

(b) 14 attoseconds (answer to two decimals).

4. A beetle population is growing exponentially. If
the continuous exponential growth rafe constant is
20% per day and there are 1,000 beetles now, how
many beetles will there be after 14 days? Round
down to the nearest beetle.



5. A student began taking the ACT at 8am (r=0 L64
hours). The student had 100% brain energy (y in
percent) at that time. By 12:30pm (7 = 4.5 hours),
the student had 30% brain energy left. Use a
continuous exponential decay model to find the
following.

(a) Find the half life (7 in hours) of brain energy.
Answer to the nearest 10th of an hour.

(b) Predict the brain energy that was left at 10am.
Answer to the nearest percent.



1. Solve for the unknowns to 3 significant figures.
Use algebra. You may check with the calculator.

(a) 30 = 60005 (h(;‘)):,oogt

4,, /0 —

0.6 | ~ 005 — 0,66

S LY

(b) Q:Aﬁ’_’ln - .05

or 2
- -7 0 ”7 . .
A= ‘7‘/@”' 6 (s juH 4 hurbov
— 59¢
2. The number of bacteria in a culture, y, is modeled ,‘): %

by [y = 400¢") . where ¢ is the time in hours. _
(a) Find £ if{(z, y) = (3, 600)| is on the graph of y. 0 L, /
Write k to siX decimals. 0

Solve {w K Wf\”“-@\ahu&yw/ur
80 = ‘7002 ( Il’l‘)/l,/( 3 |06

=h(l)
’V’(‘w> 3K k= ‘5)/3"“35%/Av 6% !

0./6(!/\"
(b) Using part (a), find the number of bacteria y ‘ S 173 l %00

0\/'? = 4 hours. Round doxomll. gL :
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Y
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(¢) Find the doublmg time, T, to 4 decimals

< 54
&__ /06 EAYIY S 2{@0:7(15 ’176,:35155

Yoy an B 1
Dt ST Infy) = 0 350T
(d) Find the value of # for which y = 1000 bacteria.
( O (351554
[000 = oo Jwo
— Qs
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(a) 12 attoseconds (answer exactly)

‘)|(/ A)772 %<‘w

(b) 14 attoseconds (answer to two decimals).
/ 3 / / 3

s““Mm |
y VU(\ HOO:/.E’?@N 21| -

4. A beetle population is growing exponentially. If
the fontinuous exponential growth rafe constantlis
20% per day and there are 1,000 beetles now, Ngw 0 J
many beetles will there be after 14 days? Round
down to the nearest beetle.

K=20%) da,< 0.2 v =) nzjél'
“ /% C (2> g




5. A student began taking the ACT at 8am (r=0
hours). The student had 100% brain energy (y in

percent) at that time. By 12:30pm (¢ = 4.5 hours),

the student had 30% brain energy left. Use a
continuous exponential decay model to find the
following.

(a) Find the half life (7 in hours) of brain energy.
Answer to the nearest 10th of an hour.
ki

W\(z e, IR
30 = 00() (

/01 v, g/
<N(0.3 Y (— T)

(b) Predict the brain energy that was left at 10am.
Answer to the nearest percent.

(13 = 7 '/2) (!,5\ "
ﬂ‘“{"", T/ Mm 2

y: /00 %\?/7.42 5@/}
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Exponential Models 4 Practice Name:

A colony of bacteria grow in number exponentially according to y=Ae~.
Given: 100 bacteria initially.

Given: 300 bacteria after 20 hours.

It may help to make a table of (¢, y).

a) Find k to 5 decimals. What are the units?

b) Find the number of bacteria after 10 hours. Why is it not 200 bacteria
(midway between 100 and 300)?

c¢) Find the number of bacteria after 30 hours. (It's not 400.)

d) Find the doubling time. Guess first.

e) After how long will there be 800 bacteria? Guess first.



Exponential Models 4 Practice Neme S o] Q,,ﬁ

A colony of bacteria grow in number exponentially according to y=Aex. Jé/é\ C\

Given: acteria initially. /\ JNs,

Given:acteria after@]ours. \/ _ A K—(Q
a -

It may help to make a table of (¢, y).

a) Find k to 5 decimals. What are the units?

500 = 00 S€]
g = 2wl K= . OSq4Aa
2.0 Zo

b) Find the number of bacteria after(10 hourg. Why is it not 200 bacteria

(midway between 100 and 300)?
>/- )OC) 0549 3 U@ @

c¢) Find the number of bacteria after 30 hours. (It's not 400.)

:(O() - 08 IC\3L$O> %
d) Find the doubling time. Guess first.

)00 = 100 T

L2 ho Ay
e) After how long will the S first.

J7950h




