Chapter 10




LESSON
QUESTION

1. Understand the powerful energy of nuclear
force that holds protons and neutrons
together in the nucleus of an atom.

2. Define radioactivity and write equations
involving radioactive isotopes as they
decay (specifically alpha and beta decay).

3. Explain and calculate the half-life of
radioactive isotopes and how this relates
to radioactive dating.
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What’s Wrong with this picture?

Neutron
(n%)

If “like” charges repel
(which they do), how can
protons exist in the same
region of the atom without
being repelled?

Proton
(p*)

Lithium (Li)

There must be a strong nuclear force that
binds the protons together.
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relativistic mass of a body
=
¢ = the speed of light
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Caleulating the energy in the hydrogen atom

Er= 0511 .OO0.000 e300 000.000 m/e

101000 000,000.000,000 joules

- Of Energy!!
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ount of energy in
s of hydrogen
oms 1S"éguivalent to
urning hundreds of
jgousands of gallons of

‘ gasoline!
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When a nucleus fissions, it splits into several smaller fragments. These fragments, or
fission products, are about equal to half the original mass. Two or three neutrons are also
emitted.

,) neutron
fission
/B
neutron ) — @ > J neutron

target fission

nucleus product

J neutron

Nuclear Fission

The sum of the masses of these fragments Is less than the original mass. This ‘missing’
mass (about 0.1 percent of the original mass) has been converted into energy according
to Einstein's equation.



helium He4

9

deuterium H2

Nuclear Fusion
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ons stuck together have
an two single separate
- protons!

the protons are forced together,
IS extra mass Is released ... as
‘ energy!
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ically this amounts to about 0.7% of
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yessir, squacacaared away.”

"Psst..e=mc." 15




of this formula would
lead ...



Altho J peaceful by nature and
rJJJ ¢S, e helped write a letter to
the President of the United States,
g him toffileiesearch into the
dlave PPmMent o anfatemic bomb
(The Manhattan Project) ... before

- the'Nazis or Japan could develop

- their own first.
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i own that the Germans
WJ,JJd not @JQQ In developing an
atomic bomb, I'would have done
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ﬁ‘want to kr ow Goo S th u'hts the rest
- are detalls >
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‘one has fc en everything he
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1Ise MEITNER

came the second woman to obtain a doctoral
1€ University of Vienna in 1905. In 1907 she went
ctur: of Max Planck.

1926, Meitner became the first woman in Germany to assume a post
QISTUlITprofessor In Phy5|cs at the University of Berlin and became
dlf\,,CTJ yeinvolved in research W|th German physicist Otto Hahn (1879-
08). Otto Frisch (Meitner’s nephew) discovered “nuclear fission.”

1933 WIBItRERWas acting head of the Physics department of the Kaiser
| TNSHtutetor Chemistry when Hitler came into power. She was
gnereiravenyenallowed to stay under his anti-semitic regime.

lhel

In 1936, the duo discovered that uranium would successfully fission
when bombarded by “moderated” (slowed down in “heavy” water)
neutrons but
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TNER

ed in Nazi Germany, in 1938, Dr. Lise
1y escaped Germany to escape Hitler’s
andiwent to Stockholm, Sweden.

StieN(along three other colleagues)
famous equ , Which explained the source of the

(REMenadous releases of energy I iuclear fission.

In 1944 - °\71: 'was awarded the Nobel Prize for Physics for
his research nto fission, but Meitner was ignored.

26 Nobel “mistake,” never acknowledged, was partly
rectified i 1966, Wwhen Hahn, Meitner, and Strassmann were
awarded the U.S. Fermi Prize.
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Lise MEITNER

Significantly
h@ﬂ[@@@] to contirm

| Einstein’s

8 = me2 equation.

But Otto Hahn was
given full eredit when
she tled from under the
Nazi regime.
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he must have been at a football game where
the last 30 seconds took two hours.”
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Radioactive Decay

m Radioactive decay, also known as
nuclear decay or radioactivity, Is the
process by which a nucleus of an
unstable atom loses energy by emitting
radiation.

Radioactive decay occurs when a
material spontaneously emits radiation
— including alpha particles, beta
particles, gamma rays.
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Alpha Decay
2U > “eTh+2He

Radioactive Daughter Aloha Particle
Isotope Product P .
a Particle

m A particle with two neutrons and two
protons is ejected from the nucleus of a
radioactive atom.

m The patrticle is identical to the nucleus of
a helium atom.
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Alpha Decay

Daughter
Product

Radioactive
Isotope

& - Particle = EH'E

Notice that the atomic mass & atomic number
on each side of the arrow are equal.

Bl Mass: 240 =236 + 4

l Atomic # 94 =92 + 2
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Alpha Decay Transmutation

Fill In the atomic masses & atomic humbers on

each side of the arrow. make sure they are equal on both
sides.

223U — £22Th + ;HE

4
145 + He

228 4
so 1l — Ea T EHE

17800 . %HE + 505

233
EIEHI:] . He —+ Fa
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Alpha Decay Transmutation

Fill In the atomic masses & atomic humbers on

each side of the arrow. make sure they are equal on both
sides.

233U . EEE‘Th n ‘éI—IE

4
4959 — 45sm + 3He

EH?HI:. _.  *He 4+ °3iPa
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Beta Decay

Beta decay

Fn:t::rn

Meutron

Electmn

A neutron In an atom's nucleus turns into
a proton, an electron and an antineutrino.
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B

Beta Decay

m The electron and antineutrino fly away
from the nucleus, which now has one
more proton than it started with.

m Since an atom gains a proton during
beta decay, it changes from one
element to another (e.g. H to He).

/@(
. I . (Beta Particle)

H-3 He-3 33




Radiolsotope  Daughter Product Beta DeCay

Carbon-14 Mitrogen-14

A B_ E Antineutrino Electron
- + ¢ + ¢
& protons 7 protons
& neutrons J neutrons

4O N O

m Since an atom gains a proton during
beta decay, it changes from one
element to another (e.g. C to N).
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Beta Decay Transmutation

Fill In the atomic masses & atomic humbers on

each side of the arrow. make sure they are equal on both
sides.

s — Lt %

==

235
53 P — FFU 4 Oc

-1
247
o ST = Cm o+ 4E
8 0l
Er — T Er + 1€

o8 -
43TC —= Eu +
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Beta Decay Transmutation

Fill In the atomic masses & atomic humbers on

each side of the arrow. make sure they are equal on both
sides.

%ggr —= 93%"1’ + _[%E
2000, 2Ry, oo
tiAm acm + e
SeBr — SERr 4 %e

=l= e
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Gamma Decay

Photon

(Ghmma particle)

He-3 He-3

m Gamma rays (e.g. photon) are NOT
charged particles.

m They are HIGH energy electromagnetic
radiation with 10,000 times more energy

l than visible light. )



Penetration of Particles

Radioactivity

Alpha Particles § %

Beta Particles + » -

L ]

Gamma Rays

Paper Aluminium Concrete

m Gamma rays have no mass & can penetrate most
substances except thick lead.

m Alpha particles can be stopped by paper.

m Beta particles have little mass, can penetrate more
than alpha particles, but possess much lower energy
than gamma rays. 38




Particle Accelerators

Some transmutations require
particles that are moving at
extremely high speeds.

Particle accelerators cause
charged particles to move very
close to the speed of light.

The fast-moving particles collide
with atomic nuclel.

Scientists have produced more
than 3000 different isotopes.

This particle detector records subatomic
particles produced in the Tevatron, the most
powerful particle accelerator in the world.
(Fermilab in Batavia, Illinois.)




Particle Accelerators

Scientists also conduct
collision experiments in
order to study nuclear
structure.

 More than 200 different
subatomic particles have
been detected.

- A quark is a subatomic
particle theorized to be
among the basic units of
matter.

« According to the current
model of the atom, protons

and neutrons are made up of
guarks.




Radioactive Isotopes (Radiolsotopes)

m Radiometric isotopes are used In
iIndustry, medicine, and to determine the
age of rocks & formerly living
organisms.

Carbon dating is used for formerly living
organisms (trees, bones).

Radioactive Isotope Industrial Applications
For uniform thickness when rolling steel
Americium-241 and paper, determine location of oil
wells
Sodliiin 24 Oil well smdles and to locate leaks in
pipe lines
Iridium-192 Test integrity o; :I(.)tl;ers and aircraft

Nuclear power plant and naval
propulsion systems fuel, production of
fluorescent glassware and colored wall

tiles
Determine moisture content of soil - 41
Californium-252 important for road construction and
building industries

Uranium-235




Radioactive Isotopes (Radiolsotopes)

Cobalt-60 Is extensively used In treating

cancer.

lodine-131
IS used to locate
brain tumors,
measure cardiac
output, and
determine liver
and thyroid
activity.

Radioactive Isotope Applications in Medicine
Cobalt-60 Radiation therapy to prevent cancer
lodine-131 Locate brain tumors, monitor cardiac,
liver and thyroid activity
Carboa-14 Study_metz.:lbohsm changes for paFlents
with diabetes, gout and anemia
Cardica: 13 Tagged onto g!ucose to monitor organs
during a PET scan
Sodium-24 Study blood circulation

Thallium-201

Determine damage in heart tissue,
detection of tumors

Technetium-99m

Locate brain tumors and damaged heart
cells, radiotracer in medical diagnostics
(imaging of organs and blood flow
studies)
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Radioactive Dating

According to the Theory of Evolution, the
universe is over 13 Billion years old and our

Earth is considered 4.5 Billion years old all based
on radioactive dating. Fact or Fiction?
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Radioactive Dating

hree assumptions of Radioactive dating:

1) The original amount of both mother and
daughter elements is known.

2) The sample has remained in a closed system.

3) The rate of decay has remained constant
throughout the past.

Radioactive Decay

St I i 0w Ol S

Radioisotopes are
only reliable to 2-3
half-lives, not
Indefinitely.
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Radioactive Dating

Addressing the assumptions of Radioactive

dating:

1) Ensuring that any one of the assumptions is
met is difficult at best, if not impossible.

2) Many dates have changed due to different
procedures or materials used.

3) Emotion, reasoning, and bias dominate this
topic on the part of Christians and
evolutionists.

“As we overthrow reasonings and every high
thing rising up against the knowledge of God ...”

2 Corinthians 10:5 ®




Radioactive Dating

Although evolutionists claim “absolute age”
based on dating, we certainly cannot know
precise dates, especially over 100’s, 1000’s,
millions, and billions of years.

Some things to consider:

1) People often believe what they were taught
even If it is proven false (e.g. prejudice).

2) Historians cannot even decide on exact dates

within the past 6,000 years. How can
I scientists be so sure of millions of years ago?

3) We should not reject the fossil record, but
neither should we compromise the Bible.  #




Radioactive decay

B Radioactive isotopes are used based on

the decay of specific atomic nucleil.

"he moment in time at which a particular
nucleus decays Is unpredictable.

However, a collection of atoms of a
radioactive nuclide decays exponentially
at a rate described by half-life.

Half-life is usually given in units of years.
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Half-Life

m Measures the rate of decay of a
radioactive Isotope

= The time it takes for /2 of an original

guantity of a radioactive element to
decay into another element.

Nuclear Energy

48



0.900 10 Half'LIfe

S

Hall-life

Half-life

ded il M < Ll
0 50 100 150 200 250
Time/'s

Half-life is the time it takes for a radioactive
Isotope to half its amount.

- Reliability greatly decreases with each half-life.

After 2-3 half lives, the dating of a sample is
relatively unreliable.
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Half-Life Example

m Radium-226 has a v~ life of 1,620 years

m This means %2 of a sample of radium will
change into other elements after 1,620

years

m After another 1,620 years (3240 years total),
Y% the remaining radium will decay
(leaving ¥ the original amount)

50



Half-Life

m The shorter the half-life of an element,
the faster it decays

m The more radioactivity it gives off

Nuclear Energy
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Half-Life Example

A sample of 8 atoms of Radon-222 has a
1 life of 3.8 days

1::}{:-} i das _I::}{:]' i das 1::}1::}

) @ @
{:r;ﬂ —> G.G — > :.
) @ @

& atomsof =) A gtomsof Radon; == 2 atomsof Radon;
Radon-222 4 atomsof Polonium & atomsof Polonium
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Dangers of Radioactive Decay

m A feared and negative
effect of radiation is e e T

ww.CartoonStock.coE

cancer due to mutations.

— Alpha, beta, and
gamma particles
penetrate to our cells

m Radiation also causes
burns, hair loss, alter
chemical reactions iIn the
body, and many other RS

] severe side effects.

l :



Dangers of Radioactive Decay

m The Chernobyl
disaster was the worst
nuclear power
plant accident in
history in terms of
cost and casualties.

Used graphite instead
of heavy water as its
coolant and neutron
moderator.

a “bad” name based
on fear. -




TRY IT

Half-Life Example

Carbon-14 has a %z life of 5,730 years. If a
fossil has 1/8 of its original carbon-14,
how old is it?
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Half-Life Example

Carbon-14 has a %2 life of 5,730 years. If a fossil has 1/8 of its
original carbon-14, how old is it?

m Each half-life took 5,730 years and
there were three half-lives.

m So,5,730x3=17,190 years old

m Now = 5730 yrs = 11,460 yrs = 17,190 yrs
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Half-Life Example

The half-life of Zn-71 1s 2.4 minutes. If
one had 100.0 g at the beginning, how

many grams would be left after 7.2
minutes has elapsed?
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TRY IT

Half-Life Example

The half-life of Zn-71 is 2.4 minutes. If one had 100.0 g at the

beginning, how many grams would be left after 7.2 minutes has
elapsed?

7.2 ] 2.4 = 3 half-lives
100.0g =2 50.0g =2 256.0g =2 125¢g

o V=22t y=(100g) (12
X =100 g8 = 12.5¢

l )




