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1. (1 pt) mathbioLibrary/setABioc2Labs/Lab122 E3 radiocarbon date.pg
Because of the accuracy of WebWork, you should use 5 or 6 sig-
nificant figures on this problem.

Radiocarbon Dating
While an organism is living, it is continually changing its car-

bon with the environment. (Plants directly absorb CO2 from the
atmosphere, while animals get their carbon from living plants.)
Gamma radiation that bombards the earth keeps the ratio of 14C
to 12C fairly constant in the atmospheric CO2. The 14C that en-
tered a living organism can be used to determine how much time
has passed since it died. It has been determined that radioactive
carbon, 14C, decays with a half-life of 5730 years, i.e., in 5730
years the quantity of 14C decreases to half its original amount.
Living tissue shows a radioactivity of about 15.3 disintegrations
per minute (dpm) per gram of carbon, which means that 5730
years after the organism has died, it will exhibit only half or 7.65
dpm per gm of carbon. The actual rate of fixation has changed,
so radiocaron dating is adjusted to match information from a
calibration curve that has been worked out from large numbers
of samples. Techniques have significantly improved to where
accuracy of objects less than 10,000 years old are often accurate
to within 40 years (given sufficient carbon several grams), and
older objects up to 60,000 years old can be tested using samples
as small as one milligram (using Accelerator Mass Spectrom-
etry). However, additional uncertainty enters from the calibra-
tion information and significant geological events, such as an
ice age, which changes CO2 concentration from changes in the
ocean levels. Other significant events include nuclear testing in
the 1950s that significantly increased the amount of 14C produc-
tion in the atmosphere and burning of fossil fuels releasing CO2
with a differing 14C footprint (almost no 14C).

a. Let R(t) represent the number of dpm per gram of car-
bon from an ancient object. The amount of 14C remaining at
any time t is proportional to R(t) and can be determined by the
initial value problem:

dR
dt

=−kR(t), R(0) = 15.3,

where R0 = 15.3 is the initial number of dpm per gram of
carbon. Solve this initial value problem with the information on
the half-life of 14C above to find k.

k = .
R(t) = .

b. Find the age of a fossilized bone from a man in Western
Pennsylvania that contains 16.7 Bone Age = yr.

When did a Kenyan man die if his bone contains 8.6 Bone
Age = yr.

c. In your Lab Report, create a graph the solution for of the
radioactive decay of 14C for t ∈ [0,25,000]. The vertical axis
has units of disintegrations per minute (dpm) per gm of carbon,

while the horizonal axis represents the age of the object. Place
data points showing where your two bone samples from Part b
are located on the graph (labeling the points). Briefly, describe
the graph and how the solution of the differential equation is
derived.

d. Because of the nuclear testing, the standard for radiocar-
bon dating uses units of BP (before present) where present is
defined to be 1950. You are given information on a number of
objects that are sampled with their liquid scintillation counts that
give the measured distintegrations per min (dpm). Assume that
the counts are adjusted to give the age in units of BP and esti-
mate the age of each of the following objects. Since radioactive
decay is a random event, the counts have a range of accuracy.
Use the counts given for each sample to determine the theoreti-
cal range of ages (BP) of the object and use the range of accu-
racy to determine a range on the ages. (The lower count gives
the oldest age, and the higher count gives a lower bound on the
age.)

Chair Leg from tomb of Tutankhamen is found to have a
scintillation count of R(t) = 10.32±0.03.

Estimated Age of Object = BP
Lower Bound for Age = BP
Upper Bound for Age = BP

House Beam from Babylon (Hammurabi era) is found to
have a scintillation count of R(t) = 1.88±0.03.

Estimated Age of Object = BP
Lower Bound for Age = BP
Upper Bound for Age = BP

Giant Sloth Dung (Gypsum Cave in Nevada) is found to
have a scintillation count of R(t) = 4.27±0.03.

Estimated Age of Object = BP
Lower Bound for Age = BP
Upper Bound for Age = BP

Hardwood Atlatl (Leonard Rock Shelter, NV)is found to
have a scintillation count of R(t) = 6.25±0.04.

Estimated Age of Object = BP
Lower Bound for Age = BP
Upper Bound for Age = BP

e. For this part of the problem, you are given the age along
with the upper and lower bounds for the age. Use the formula
for radioactive decay found in Part a to determine the scintilla-
tion counts in dpm and the variation in those counts expected
from the samples.

Suppose that charcoal from the Lascaux caves in France has
an age of t = 15250±90 BP.

Count for Object = dpm
Lower Bound for Count = dpm
Upper Bound for Count = dpm

Suppose that the Linen wrappings from the Dead Sea Scrolls
Dead Sea Scrolls has an age of t = 1985±40 BP.

Count for Object = dpm
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Lower Bound for Count = dpm
Upper Bound for Count = dpm

Suppose that charcoal from Stonehenge Stonehenge in Eng-
land has an age of t = 3895±50 BP.

Count for Object = dpm
Lower Bound for Count = dpm
Upper Bound for Count = dpm

Suppose that charcoal from Crater Lake volcano eruption
Crater Lake volcano eruption has an age of t = 7650±30 BP.

Count for Object = dpm
Lower Bound for Count = dpm
Upper Bound for Count = dpm

f. In your Lab Report, briefly discuss the errors that arise in
the radiocarbon dating process. Which dates are most reliable?
Why might this method fail for objects older than 60,000 years
old?
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