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Taking logarithms, we have

17
k = In(x) _ —0.01663
30

Thus
y([) - 28€ -0.016631

T(f) — 44 + 2867()4()1663!
T(60) =44 + 2867()4()]()(\3((»()) ~ 543

So after another half hour the pop has cooled to about 54°F.
(b) We have T(r) = 50 when
44 + 28€ -0.016631 __ 5()

o 0016631 565
T4
6
72 = ———ln(zg) ~ 926
—0.01663
44 The pop cools to 50°F after about 1 hour 33 minutes. E
Notice that in Example 3, we have
of 3 e 90 lim T() = lim (44 + 28¢ 09'66%) = 44 + 28 - 0 = 44
t—oc t—x
FIGURE 3 which is to be expected. The graph of the temperature function is shown in Figure 3.
fé

1. Protozoan population A population of protozoa develops 4. Bacteria population A bacteria culture grows with constant
with a constant relative growth rate of 0.7944 per member per relative growth rate. The bacteria count was 400 after 2 hours
day. On day zero the population consists of two members. and 25,600 after 6 hours.

Find the population size after six days. (a) What is the relative growth rate? Express your answer as a
percentage.

2. E. coli population A common inhabitant of human
intestines is the bacterium Escherichia coli. A cell of this
bacterium in a nutrient-broth medium divides into two cells
every 20 minutes. The initial population of a culture is

(b) What was the intitial size of the culture?

(c) Find an expression for the number of bacteria after ¢ hours.
(d) Find the number of cells after 4.5 hours.

(e) Find the rate of growth after 4.5 hours.

(6;)) Cglij the relative growth e (f) When will the population reach 50,000?
(b) Find an expression for the number of cells after ¢ hours. 5. World population The table gives estimates of the world
(c) Find the number of cells after 8 hours. population, in millions, from 1750 to 2000.
(d) Find the rate of growth after 8 hours.
(e) When will the population reach 20,000 cells? Year Population Year Population
3. Bacteria population A bacteria culture initially contains 1750 . 790 1900 1650
/ 100 cells and grows at a rate proportional to its size. After an 1800 980 1950 2560
hour the population has increased to 420. 1850 1260 2000 6080
(a) Find an expression for the number of bacteria after ¢ hours. \
(b) Find the number of bacteria after 3 hours. (a) Use the exponential model and the population figures for

(c) Find the rate of growth after 3 hours. 1750 and 1800 to predict the world population in 1900 and

(d) When will the population reach 10,000? 1950. Compare with the actual figures.



Richard Montgomery


Richard Montgomery



)
>

(b) Use the ¢ Nt
Use the exponential model and the population figures

for 1850 and 1900 10 predict the world population in

1?5(). Compare with the actual population.

l:‘sc the exponential model and the population figures
I;())r 1900 and 1950 to predict the world population in

2000. Compare with the actual population and try to

explain the discrepancy.

(¢)

- Indonesian population The table gives the population

of Indonesia. in millions. for the second half of the 20th
century.

Year Population
1950 83
1960 100
1970 122
1980 150
1990 182
2000 214

(a) Assuming the population grows at a rate proportional
to its size, use the census figures for 1950 and 1960
to predict the population in 1980. Compare with the
actual figure.

(b) Use the census figures for 1960 and 1980 to predict
the population in 2000. Compare with the actual
population.

(c) Use the census figures for 1980 and 2000 to predict
the population in 2010 and compare with the actual
population of 243 million.

(d) Use the model in part (c) to predict the population in
2020. Do you think the prediction will be too high or
too low? Why?

7. The half-life of cesium-137 is 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) What is the rate of decay after 100 years?

(d) After how long will only 1 mg remain?

—-'> 8. Strontium-90 has a half-life of 28 days.

(a) A sample has a mass of 50 mg initially. Find a formula
for the mass remaining after r days. :

(b) Find the mass remaining after 40 days.

(c) What is the rate of decay after 40 days?

(d) How long does it take the sample to decay to a mass
of 2 mg? '

(e) Sketch the graph of the mass function.

9. A sample of tritium-3 decayed to 94.5% of its original

amount after a year. R—
What is the half-life of tritium-357
EE)) How long would it take the sample to decay to 20% of

its original amount?
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10. Radiometric dating Scicntists can determine the age of

ancient objects by the method of radiometric dating. The
bombardment of the upper atmosphere by cosmic rays
converts nitrogen to a radioactive isotope of carbon. *C.
with a half-life of about 5730 years. Vegetation absorbs
carbon dioxide through the atmosphere and animal life
assimilates "C through food chains. When a plant or ani-
mal dies, it stops replacing its carbon and the amount of
"*C begins to decrease through radioactive decay.
Therefore the level of radioactivity must also decay
exponentially.

A discovery revealed a parchment fragment that had
about 74% as much "C radioactivity as does plant material
on the earth today. Estimate the age of the parchment.

Dating dinosaurs Dinosaur fossils are too old to be
reliably dated using carbon-14, which has a half-life of
about 5730 years. (See Exercise 10.) Suppose we had a
68-million-year-old dinosaur fossil. What fraction of the
living dinosaur’s "*C would be remaining today? Suppose
the minimum detectable amount is 0.1%. What is the
maximum age of a fossil that we could date using *C?
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12. Dating dinosaurs with potassium Dinosaur fossils are

often dated by using an element other than carbon, such

as potassium-40, that has a longer half-life (in this case,
approximately 1.25 billion years). Suppose the minimum
detectable amount is 0.1% and a dinosaur is dated with *'K
to be 68 million years old. Is such a dating possible? In
other words, what is the maximum age of a fossil that we
could date using *'K?

13. A roast turkey is taken from an oven when its temperature

has reached 185°F and is placed on a table in a room where

the temperature is 75°F.

(a) If the temperature of the turkey is 150°F after half an
hour, what is the temperature after 45 minutes?

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

14. In a murder investigation, the temperature of the corpse

was 32.5°C at 1:30 pm and 30.3°C an hour later. Normal
body temperature is 37.0°C and the temperature of the
surroundings was 20.0°C. When did the murder take place?
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15. When a cold drink is taken from a refrigerator, its tempera- 17. The rate of change of atmospheric pressure P with respect

ture is 5°C. After 25 minutes in a 20°C room its temperature to altitude # is proportional to P, provided that the tempera- #

has increased to 10°C, ture is constant. At 15°C the pressure is 101.3 kPa at sea
(a) What is the temperature of the drink after 50 minutes? level and 87.14 kPa at 1 = 1000 m.

(b) When will its temperature be 15°C? (a) What is the pressure at an altitude of 3000 m?

16. A freshly brewed cup of coffee has temperature 95°C in a ®) aWnt;z?tltz(tjheo;:rg?;l;r;a)t the: top of Mount MeKiuley, at
20°C room. When its temperature is 70°C, it is cooling at a rtude ’
rate of 1°C per minute. When does this occur?

B PROJECT Controlling Red Blood Cell Loss During Surgery

A typical volume of blood in the human body is about 5 L. A certain percentage of that
volume (called the hematocrit) consists of red blood cells (RBCs); typically the hemat-
ocrit is about 45% in males. Suppose that a surgery takes four hours and a male patient
bleeds 2 L of blood. During surgery the patient’s blood volume is maintained at 5 L by

injection of saline solution, which mixes quickly with the blood but dilutes it so that the
hematocrit decreases as time passes.

1. Assuming that the rate of RBC loss is proportional to the con

i : centration of RBCs,
determine the patient’s concentration of RBCs by the end of

the operation.

A procedure called acute normovolemic hemodilution (ANH) has been devel-

oped to minimize RBC loss during surgery. In this procedure blood is extracted

from the patient before the operation and replaced with saline solution This
dilutes the patient’s blood, resulting in fewer RBCs being lost during tt'1e bl.ccd
ing. The extracted blood is then returned to the patient after surgery.cOnly a CCI:
tain amount of blood can be extracted, however, because the RBC concentrati ,
can never be allowed to drop below 25% during surgery. What is the maximur(r:n

amount of blood that can be extracted in the ANH procedure for the sureer
described in this project? ety

2.

3. What is the RBC loss without the ANH procedure? W

hat is the loss if the
% . . N o t’ r -
dure is carried out with the volume calculated in Probl proce

em 2?

mﬂvatives of the Logarithmic and Inverse Tangent Functions



