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Quiz 4 Content

•

Chapters 28 & 29


•

All of what we did in class


•

All of what is covered by the suggested homework


•

All of what is covered by the practice problems.


•

Not everything in the book!


•

•

We skipped Ch. 28.12, 28.13, 28.14


•

We skipped Ch. 29.7


Chapter 30 is NOT part of Quiz 4. It will be only on
the final.


Nuclear Stability


The mass of a nucleus is always smaller than the
sum of the masses of its nucleons.

" The binding energy is the total rest energy of the
bound system (the nucleus) minus the combined rest
energy of the separated nucleons.

"

The binding
energy can be
thought of as
the energy
needed to break
a nucleus into
its constituent
nucleons.

"

Nuclear Stability

"
"

Example

What is the binding energy (in MeV) of the
Helium-4 nucleus? The atomic mass of
Helium is 4.002602u.


Answer

" We need to calculate the total rest energy of
the Helium nucleus and the total rest energy of
the separated nucleons.

" We need to turn to:
ER = mc2

"

Nuclear Stability

Answer

For the Helium nucleus we find:


"
"

2

E R = m Hec = ( 4.002602 u)c
2 931.494
E R = ( 4.002602 u)c
1u
"

MeV

c2

2

= 3,728.4 MeV

For the separated protons and neutrons:


€

2

E R = 2m p c + 2mn c

2

E R = 2(938.28 MeV c 2 )c 2 + 2(939.57 MeV c 2 )c 2 = 3,755.7 MeV
"

Calculate the difference:


E b = E He − E sep = 3,728.4 MeV − 3,755.7 MeV = −27.3 MeV

€

Eb

−27.3 MeV = −6.825
=
nucleon
4

MeV

A

Nuclear Stability


The binding energy per nucleon (E/A) has been rigorously
calculated (in MeV) for every stable nucleus.

"

The results
have been
plotted on a
curve:

"

Note that the
middle of the
curve is the most
stable.

"

Most nuclei
have ~8MeV/A.

"

Concept Question

"

Which, if any, of the following statements
concerning the strong nuclear force are correct?


A) The strong nuclear force is a very short-range
force.

"

"

B) The strong nuclear force is attractive.


C) The strong nuclear force acts on both protons
and neutrons.

"

"

D) All of the above statements are correct.


"

E) None of the above statements are correct.


Radioactivity


Radioactivity is the spontaneous emission of
radiation

" Radioactivity is the result of the decay of unstable
nuclei.

" There are three type of radiation that can be
emitted: alpha particles, beta particles, and gamma
particles.

" Alpha particles are just 4He nuclei without the 2
electrons, so they are positively charged (+2e).

" Alpha particles are massive and charged, so they do
not penetrate most materials.

"

"

They can barely penetrate a piece of paper.


Radioactivity


Beta particles are electrons, e–; but they may be
either negatively (–e) or positively charged (+e).

" A positively charged antiparticle of the electron is
referred to as a positron, e+.

"

Beta particles are
charged but not so massive,
so they can only penetrate
certain materials.

" They can only penetrate
lightly into metals (e.g. a
few millimeters of
aluminium).

"

Radioactivity


Gamma particles are high energy photons.

" Gamma particles are not charged and have no
mass, so they can penetrate deeply in most materials.

"

They can
penetrate
several cm into
lead.

"

The three
different
particles can
be separated
in a B-field.

"

Radioactivity


The number of particles that decay (ΔN) in a given
time (ΔT ) is proportional to the total number of
particles (N) in a radioactive sample.

"

ΔN = − λN (Δt )
λ is called the decay constant and determines the
rate at which the radioactive material will decay.

"

The activity, or decay rate, R, of a sample is
€
defined as the number of decays per second:

"

The units of activity are the curie
(1 Ci = 3.7x1010 decays/s) or the becquerel
(1 Bq = 1 decay/s)

"

Radioactivity

The number of particles
left follows the equation:

"

N = N oe

− λt

It also follows that decay
€
rates will decrease
€exponentially with time:

"

N = N oe− λt

Radioactivity


We measure the rate at which nuclei decay
radioactively in the units of half-life, T1/2.

"

The half-life for
a substance is the
time that it takes
for half of the
substance to decay.

"

Radium, for
example, has a halflife of 1620 years.

"

Radioactivity

For some nuclei, half-lives are very short (much
less than 1 second), while others are very long
lived.

"

Uranium-238, for example, has a half-life of 4.5
billion years. This is why we still have Uranium left
on Earth.

"

As the nucleus decays, it will emit particles and
turn into another element (which may or may not
be stable). This is known as transmutation.

"

Nuclei are spontaneously transmutating in order
to make themselves more stable.

"

Carbon Dating

Radioactive decays can help determine the age of
once living objects.

"

"

Carbon-14 decays with a half-life of 5,730 years.


Cosmic rays from the Sun strike the upper
atmosphere creating Carbon-14, keeping the amount
of Carbon-14 constant in our atmosphere.

"

All living things will breathe in air with Carbon-14
in it.

"

Thus, living things will have a constant amount of
Carbon-14 inside of them.

"

Carbon Dating


When living things die, they will stop breathing in
Carbon-14.

"

So, the amount of Carbon-14 slowly dies off as it
decays.

"

If we then find a once living thing and measure
how much Carbon-14 is left we can date when it
died.

"

Radioactive Decay

Example

The isotope 137Cs is a standard laboratory source of
gamma rays. The half-life of 137Cs is 30 years.

(a) How many 137Cs atoms are in a 5.0μCurie
source?

(b) What is the activity of the source 10 years
later?


Answer

" Recall that the number of atoms for
exponentially.

"

137Cs

will decay

"

Answer


Radioactive Decay


Start by getting everything in
the proper SI units: 

"

Next, turn to the half-life
formula to find the decay
constant:

"

"

Answer


Radioactive Decay


Finally, turn to the activity equation to solve for the
number of atoms remaining:

"

Radioactive Decay


Answer

" Now for part (b) we should again convert everything in
SI units:

"

We should then look at how the activity will decrease over
time:

"

Decay and Nuclear Reactions

When one element changes into another element,
the process is known as a spontaneous decay.

"

Nuclear reactions occur when you combine
elements to form different elements.

"

For both decays and nuclear reactions, the mass
number, A, must be the same on both sides of the
equation.

"

Also, the sum of the atomic numbers, Z, must be
the same on both sides of the equation.

"

Basically, charge, momentum, and mass-energy must
be conserved in both processes.

"

Alpha Decay


In alpha decay, for example, the nucleus emits an
alpha particle (He nucleus).

"

By the conservation laws, the nucleus will lose
two protons and two neutrons. (N decreases by 2, Z
decreases by 2, and A decreases by 4).

"

"

Symbolically, this becomes:


A
Z

X→

A −4
Z −2

4
2

Y + He

Where, X is called the parent nucleus and Y is
called the daughter nucleus.

"

"

Momentum needs to be conserved as well.


Beta and Gamma Decay

In beta decay the nucleus emits a beta particle
(electron or positron).

"

Thus, there will be the same number of nucleons
in the daughter nucleus as the parent nucleus, but
the atomic number is changed by one.

"

"

Symbolically:


A
Z
A
Z

X→

A
Z +1

−

X→

A
Z −1

+

Y+e

Y+e

In gamma decay the nucleus emits a gamma
particle (photon). Gamma emission doesn’t change
the A or Z of a nucleus.

"

€

Nuclear Reactions


In nuclear reactions both A and charge are
conserved:

"

The energy required to balance a nuclear reaction
is called the Q-value of the reaction.

"

Q = (Δm)c = ( minitial − m final )c
2

2

In an exothermic reaction, energy is released
which leads to mass “loss.” This will yield a
positive Q-value.

"

In an endothermic reaction, energy is absorbed,
which leads to mass “gain.” This will yield a
negative Q-value.

"

Concept Question

"

A sample starts with 1,000 radioactive
atoms. How many half-lives have elapsed
when 750 atoms have decayed?

"

A) 0.25


"

B) 1.5


"

C) 2.0


"

D) 2.5


"

E) 3.0


