m Exercises

1. A population of protozoa develops with a constant relative () Find the oumber of cells after § hours.
growth rate of 0.7944 per member per day. On day zero the (d) Find the rate of growth after § hours.
populafion consists of two members. Find the population size () When will the population reach 20,000 cells?
after six days. 3. A bacteria culture initially contains 100 cells and grows at
2. A common inhabitant of human intestines 15 the bacterium rate proportional to its size. After an howr the population has
Frcherichia cali. & cell of this bacterium in a nutnent-broth mereased to 420,
medium divides into two cells every 20 minutes. The initial (a) Find an expression for the oumber of bactena after ¢ hours.
population of a culture 15 60 cells. (b) Find the number of bactena after 3 howrs.
(a) Find the relative growth rate. (e) Find the rate of growth after 3 hours.

(b) Find an expression for the number of cells after ¢ howrs. (d) When will the population reach 10,0007
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4. A bacteria culture grows with constant relative growth rate.
The bacteria count was 400 after 2 howurs and 25 600 after
6 hours.
(a) What iz the relative growth rate? Express vour answer as
a percentage.
(b} What was the intitial size of the cultura?
() Fmnd an expression for the number of bacteria after r howrs.
(d) Find the number of cells after 4.5 hours.
(e) Find the rate of growth after 4 5 hours.

(f) When will the population reach 50,0007

5. The table grves estmates of the world population, 1n mulhons,

from 1750 to 2000.

(a) Use the exponential model and the population figures for
1750 and 1800 to predict the world population 1 1900
and 1950, Compare with the actual figures.

(b} Use the exponental model and the population figures for
1850 and 1900 to predict the world population 1 1950.
Compare with the actual population.

() Usa the exponential model and the population figures for
1900 and 1950 to predict the world population 1 2000.
Compare with the actual population and try to explam the

discrepancy.
Year Population Year Population
1750 To0 1200 1650
1804 080 1050 2560
1850 1260 2000 G0E0

6. The table gives the population of India, in mallions, for the
second half of the 20th century.

Year Population
1951 361
1941 439
1971 548
1081 683
1091 846
2001 1029

(a) Use the exponential model and the census figures for 1951
and 1961 to predict the population in 200]1. Compare with
the actual figure.

(b} Use the exponential model and the census figures for 1961
and 1981 to predict the population in 200]1. Compare with
the acmal population. Then use this model to predict the
population in the vears 2010 and 2020,

aﬂ (c) Graph both of the exponential functions m parts (a) and
(b) together with a plot of the actual populaton. Are these
madels reasonable ones?

1. Expermments show that if the chemical reaction
N:0;— INO; + 10

takes place at 45°C, the rate of reaction of dinitrogen pent-

oxide is proportional to s concentration as follows:

alN:0s]
—a 0.0005[N:0:]

(See Example 4 1n Secton 2.7.)

(a) Find an expression for the concentration [N;0;] after
¢ seconds if the imtial concentration is .

(b) How long will the reachion take to reduce the concentra-
tion of N20; to 90% of 1tz onginal value?

. Strontrum-20 has a half-life of 28 days.

(a} A sample has a mass of 50 mg mitally. Find a formmla
for the mass remaiming after r days.

(b) Find the mass remainmg after 40 days.

(c} How long does it take the sample to decay to a mass
of 2 mg?

(d) Sketch the zraph of the mass function.

. The half-life of cestum-137 15 30 years. Suppose we have a

100-mg sample.

(a} Find the mass that remains after ¢ years.

(b) How much of the sample remains after 100 years?
(c} After how long will only | mg remain?

. A sample of tritium-3 decayed to 34.5% of its criginal

amount after a year.

(a)} What is the half-life of fritium-37

(b) How long would it take the sample to decay to 20% of its
original amount?

. Scientists can determine the age of ancient objects by the

method of mdiocarhon dating The bombardment of the
upper atmosphere by cosmic rays converts mitrogen to a
radipactive 1sotope of carbon, “C, with a half-life of about
5730 years. Vegetahon absorbs carbon dioxmide through the
atmosphere and animal Life assmulates “C through food
chains. When a plant or animal dies, it stops replacing its
carbon and the amount of “C bagns to decreaze through
radicactive decay. Therefore the level of radicactivity must
also decay exponentially.

A parchment fragment was discovered that had about 74%
as much “C radisactivity as does plant material on the sarth
today. Estimate the age of the parchment.

. A eurve passes through the point (0, ) and has the property

that the slope of the curve at every point £ is twice the
y-coordinate of 7 What is the equation of the curve?

. A roast twkev 15 taken from an oven when its temperature

has reached 185°F and 15 placed on a table 1n a room where

the temperature 15 T3°F.

{a) If the temperature of the turkey 15 150°F after half an
hour, what 15 the temperature after 45 mmutes?

(b) When will the turkey have cooled to 100°F7

. In a murder mvestigation, the temperature of the corpse was

32.5%C at 1:30 PM and 30.3°C an hour later. Normal body
temperature 15 37.0°C and the temperature of the swround-
mgs was 20.0°C. When did the murder take place?



15. When a cold dnnk is taken from a refnigerator, its temperature
is 5°C. After 25 minutes in a 20°C room its temperature has
increased to 10°C.

(a) What 15 the temperature of the drnk after 50 minutes?
{b) When will its temperature be 15°C7

16. (2) A cup of coffee has temperature 95°C and takes 30 minutes
to cool to 61°C in a room with temperature 20°C. Show
that the temperature of the coffee after / minutes 15

M =20+ T5e ™
where & = (.02,

(b) What 15 the average temperature of the coffee dunng the
first half howr?

17. The rate of change of atmospheric pressure Fwith respect to
altitude b 15 proportional to 2 provided that the temperature 1s
constant. At 15°C the pressure 15 101.3 kPa at sea level and
8714 kPaath = 1000 m.

(a) What 15 the pressure at an altitude of 3000 m?
(b) What 15 the pressure at the top of Mount McEinley, at an
altitude of 6187 m?
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18. (a) If §1000 is bomrowed at 8% interest, find the amounts
dus at the end of 3 years if the interest is compounded
(1) annually, (i) quarterly, (1} monthly, (iv) weekly,
() daily, (vi) hourly, and (311) confinnously.

aﬂ (b) Suppose $1000 is bomrowed and the mterest 15 compounded

contimuously. If A(f) is the amount due after ¢ vears, where
0 = ¢ =3, graph A(1) for each of the interest rates 6%, 8%,
and 10% on a commeon screen.

19. (a) If 3000 is invested at 5% interest, find the value of the
mvestment at the end of 5 vears if the inferest 15 com-
pounded (1) annually, (11) semuannually, (111} monthly,

(1v) weekly, (v) daily, and {(v1) confinuously.

(b)) If Alr) 1= the amount of the investment at time ¢ for the case
of contimious compounding, write a differential equation
and an initial condition satisfied by A(f).

20. (a) How long will 1t take an investment to double in value if
the interest rate 15 6% compounded contmuously?
(b) What 15 the equivalent annual mterest rate?



