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The Shroud of Turin 2

@ Supposed burial garment of Christ.

@ Linen cloth ~ 14" x 14’ with two faint images of the front and back of a 5’7"
man bearing markings corresponding to thorn marks, lacerations (from flogging),
bruises, and blood stains.

@ First emerged in 1354 carried by Sir Geoffroi de Charny seigneur de Lirey, a knight.

@ Public exhibitions started in 1389 (and charged an entrance fee).

@ Moved to the royal chapel of the Cathedral of San Giovanni Battista in Turin,
Sicily in 1578.

@ Original exhibitions were sanctioned by the pope as a ‘representation’ of the true
Shroud.

@ Since then no pope has challenged its authenticity.

@ Dating the Shroud

Images look like photographic negatives.

o Tests begun in the early 1970’s were inconclusive.

e The church only permitted small amounts of the Shroud to be dated.

e In 1989 the Shroud was dated using radiocarbon methods.
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@ Mass Spectrometry

@ Radiocarbon Dating.
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How Do We Read the Clock? 6
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Radiocarbon Dating 8

Carbon Ratios
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How OId is the Shroud 9

The radioactive isotope C decays via e
1 | A - Arizona B
O - Oxford
o, 14N +8 47T Z - Zurich i
A
where 37 is an electron and 7 is a parti- < red
HH

cle called the neutrino. The ratio Rc =

Sample no.

14C/12C was measured in 1989 to deter- e

. 3| ke
mine the age of the shroud. The results r25
are shown here. The shroud is sample
1. The other samples are controls. Ages 4 | Nature 337, jro. 16 H:
are in years BP (before 1950). Note the o (1969 o
break in the age scale 3600 1900 1060 800 600

’ Radiocarbon age (yr sp)

How old is the shroud? The typical Laboratory | R
uncertainty in these measurements is Arizona 1.20 x 10712
about 40 years. Are the results of the Oxford 1.18 x 10~ 12
three labs consistent? Zurich 1.19 x 1012
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Radiocarbon Dating
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Radiocarbon Calibration Curve
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Radioactive Decay

A freshly prepared sample of a radioactive isotope has an activity of
Ro = 3.7 x 108 decays/s. After a time At = 4 hr the activity has dropped
to Ry = 3.0 x 108 decays/s. What is the decay constant?
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Geiger-Muller Tube 13

A Geiger-Muller tube (or GM tube) is the sensing element of a Geiger
counter instrument that can detect a single particle of ionizing radiation.

It is a type of gaseous ionization detector with an operating voltage on the
Geiger plateau.
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The Age of the Earth 14

The figure below shows the decay scheme for 233U which can be
approximated as 238U — 206Pb 4 other decay products where the half-life
is determined by that first step. Why? A rock is found containing

my = 0.0042 kg of 233U and mpy, = 0.0024 kg of 2°Pb. Assume the
rock contained no lead at all when it was formed so all the lead present is
from the decay of uranium. What is the age of the rock? What does this
say about the age of the Earth?
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The Age of the Earth 15
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Chernobyl 16

After the sudden release of radioactivity from the Chernobyl nuclear
reactor accident in 1986, the radioactivity of milk in Poland rose to

Rz = 1500 Bgq/L due to iodine-131 present in the grass eaten by dairy
cattle (1 Bg = 1 decay/s). Radioactive iodine, with half-life

t7 = 8.04 days, is particularly hazardous because the thyroid gland
concentrates iodine. The Chernobyl accident caused a measurable increase
in thyroid cancers among children in Belarus. (a) For comparison, find the
activity Rk of milk due to potassium. Assume that one liter of milk
contains a mass mg = 2.5 g of potassium, of which a fraction

f =0.0117% is the isotope “°K which beta decays with half-life

tic = 1.28 x 10% yr. (b) After what time interval would the activity due to
iodine fall below that due to potassium?
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How OId is the Shroud 17

The radioactive isotope C decays via e
1 | A - Arizona B
O - Oxford
o, 14N +8 47T Z - Zurich i
A
where 37 is an electron and 7 is a parti- < red
HH

cle called the neutrino. The ratio Rc =

Sample no.

14C/12C was measured in 1989 to deter- e

. 3| ke
mine the age of the shroud. The results r25
are shown here. The shroud is sample
1. The other samples are controls. Ages 4 | Nature 337, jro. 16 H:
are in years BP (before 1950). Note the o (1969 o
break in the age scale 3600 1900 1060 800 600

’ Radiocarbon age (yr sp)

How old is the shroud? The typical Laboratory | R
uncertainty in these measurements is Arizona 1.20 x 10712
about 40 years. Are the results of the Oxford 1.18 x 10~ 12
three labs consistent? Zurich 1.19 x 1012
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Radioactive Decay 18
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The Periodic Chart
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Video is here.
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https://www.youtube.com/watch?v=Kcuz1JiMk9k

How OId is the Shroud 20

The radioactive isotope C decays via e
1 | A - Arizona B
O - Oxford
o, 14N +8 47T Z - Zurich i
A
where 37 is an electron and 7 is a parti- < red
HH

cle called the neutrino. The ratio Rc =

Sample no.

14C/12C was measured in 1989 to deter- e

. 3| ke
mine the age of the shroud. The results r25
are shown here. The shroud is sample
1. The other samples are controls. Ages 4 | Nature 337, jro. 16 H:
are in years BP (before 1950). Note the o (1969 o
break in the age scale 3600 1900 1060 800 600

’ Radiocarbon age (yr sp)

How old is the shroud? The typical Laboratory | R
uncertainty in these measurements is Arizona 1.20 x 10712
about 40 years. Are the results of the Oxford 1.18 x 10~ 12
three labs consistent? Zurich 1.19 x 1012
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Nuclear Safety

Appendix H: Nuclear Safety

All of the radioactive sources we will use in class are very low-level isotopes referred to as “license-free” sources.
The following guidelines should be followed for handling radioactive materials in the classroom.

-

. Eating, drinking, and application of cosmetics in the laboratory are not permitted.

1

Pipetting by mouth is never permitted. Use suction devices such as pipette filters.

Gloves and lab coats should be worn when working with all liquid isotopes.

@

'S

. Before leaving the lab, wash your hands thoroughly and check for possible contamination with a survey
instrument.

5. All radioactive liquid wastes are to be poured into the liquid waste container, NEVER into a sink.

o

Report all spills, wounds, or other emergencies to your instructor.

-

. Maintain good housekeeping at all times in the lab.

Store radioactive material only in the designated storage area. Do not remove sources from the lab.

I
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