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Terms to Know: Radiopharmaceuticals, tagged, tracer, PET, rad, Gray, RBE, rem, Sievert, irradiation, fusion, magnetic confinement, Tokamak, inertial confinement, break-even

Learning Objectives from the beginning of the chapter in OpenStax College Physics
32.1. Medical Imaging and Diagnostics
• Explain the working principle behind radiopharmaceuticals.
• Describe the PET imaging techniques.

32.2. Biological Effects of Ionizing Radiation
• Describe the danger of radiation to cells.
• Describe RBE. And calculate rad and rem.

32.3. Therapeutic Uses of Ionizing Radiation
• Read this section.

32.4. Food Irradiation
•Read this section.

32.5. Fusion
• Define nuclear fusion.
• Discuss processes to achieve practical fusion energy generation.

- Describe the advantages of fusion power.

Introduction to Applications of Nuclear Physics
Write down two beneficial applications of knowledge of the nucleus that you are aware of.

Write down two adverse effects or applications of nuclear effects that you are aware of.

32.1 Medical Imaging and Diagnostics
Carbon-14 is chemically identical to carbon-12.  Other radioactive isotopes are chemically equivalent to the non-radioactive isotope of the same element.  Medical researchers have deduced which elements or molecules tend to concentrate in certain organs or regions of the body due to different medical conditions.  Radiopharmaceuticals take advantage of this by delivering the radioactive isotope in a biologically targeted molecule to certain locations in the body.  The radiopharmaceutical is tagged by placing a radioactive isotope in the compound.

Another term for radiopharmaceutical would be tracer.   Tracer is a little broader term as it applies to studies of plants as well as humans (or animals).

Q1.  How is the location of the radiopharmaceutical determined when it is in the body?

Q2.  Would it be good practice to use an alpha emitter in a radiopharmaceutical that is used to locate an organ or diagnose a condition in the body?

Would you recommend tagging the compound with a short half-life isotope or long half-life isotope?

Medical Application
You should scan through the table (32.1) but you will not be held accountable for knowing these facts.

When a tracer is used that emits positrons, what is detected to locate the radiopharmaceutical?

32.2 Biological Effects of Ionizing Radiation
Q3. How does radiation damage a cell?

What is your reaction to this statement in the textbook: “we can have as many as a million individual instances of damage to DNA per cell per day?” College Physics, Open Stax College (2012) page 1155

Why does ionizing radiation preferentially kill cancer cells over healthy cells?

MEASUREMENTS OF EXPOSURE

Since the number of ionizations is related to the energy absorbed a useful measurement of exposure is the radiation dose unit (rad).   1 rad = 0.01 Joule/kg

Calculate the number of rads if 0.0004 Joules are absorbed throughout the body by a person who has a mass of 80 kg.

The rad is a traditional unit.  The metric standard unit of dose is the gray (Gy).   1 Gray = 1 Joule/kg.

Convert 0.25 rads to Grays.

Different nuclear radiations have different stopping distances and thus can deposit energy in few cells or many cells.  If the energy is deposited in fewer cells it is less likely that the cell will be able to repair itself.   Also, neutrons can easily be absorbed by the nucleus and make the nucleus in the atom in the cell radioactive.  The varying dangers of the radiations are summarized with a factor called the relative biological effectiveness (RBE).  This is also known as the quality factor.   (“Quality” has a little of a reverse meaning however as a higher quality factor indicates more danger to a human.)  

You should know why certain radiations have a value of RBE greater than 1.

The roentgen equivalent man, rem, is calculated by      rem = rad * RBE   .

The metric version of this is the Sievert (Sv)        Sv = Grays * RBE   .

Prof. Clements uses rad and rem in these calculations but you should be aware the metric terms exist.

Q4. What are some background radiation sources?

Radiation Protection
How can you lower the dose you receive from a radioactive source?  3 ways

1.


2.



3.

Look at Figure 32.10.  What is the purpose of the lead collimator on the X-ray machine?

Do you feel that the benefits of medical imaging (radiopharmaceuticals, x-ray, etc.) outweigh the risks?

What questions do you have on the examples shown in the textbook?

32.3 Therapeutic Uses of Ionizing Radiation
This section should be read but it will not be assessed via homework or exam.

32.4 Food Irradiation
This section should be read but it will not be assessed via homework or exam.

32.5 Fusion
The graph of binding energy per nucleon vs. atomic mass is important for understanding the release of nuclear energy by both fusion and fission.   Iron-56 has the largest binding energy per nucleon.   As a consequence iron will not release energy when it is involved in fusion or fission.   A fusion reaction that releases energy involves elements with Z < 26 that create a product that is closer to the peak of this curve than the location of the elements that are fusing.  A fission reaction that releases energy involves a heavy element Z  around 90 that creates products that are closer to the peak of the curve than the location of the original element.

When did astronomers understand that nuclear reactions were the ultimate source of the energy emitted by the Sun?

Q5. What is fusion in the context of nuclear reactions?

Nuclei carry positive charge.  The nuclear force only becomes active when nuclei are very close, e.g. within 2 x 10-15 meters.  Atoms in our air are colliding continuously.  Why doesn’t fusion occur when atoms in our air collide?

Consider two nuclei that do not have any associated electrons.   Why is it difficult for them to approach each other to a distance smaller than 2 x 10-15 meters?

Two nuclei can approach to a small distance if the kinetic energy of the nuclei is close to the potential energy caused by the repelling electrical charges.   A high value of KE is created by high speed.  High speeds can be produced by creating a high temperature for a collection of nuclei.

Q6.   Why don’t the nuclei have to touch in order that they fuse?

You should know the net reaction for the proton-proton cycle:    
2e− + 41H → 4He + 2νe + 6γ    26.7 MeV released   .
Are the number of nucleons and the charge conserved in this reaction?

Q7. The isotope 2H is called deuterium.   Why is it easier to cause two deuterium nuclei to fuse than to cuase two protons to fuse?

Scientists are trying to develop the production of electricity through fusion reactions.  There is much more fuel, deuterium, that there is fuel for fission reactors, uranium, that are currently used to produce electrical power.  And, there is much less radioactive waste for fusion compared to fission.

Q8.  In order to have significant fusion energy released, what are two requirements for the state of the deuterium nuclei?

The temperature for fusion is on the order of several million Kelvin.

http://en.wikipedia.org/wiki/Deuterium_burning

At the fusion temperature the atoms are ionized.  This ionized material is called plasma (completely different than blood plasma).

Q9. Why can’t solid walls be used to hold the plasma?

Why does a magnetic field apply a force to the plasma?

Q10. What is magnetic confinement?

Q11. What is the advantage of the shape of the Tokamak?

Describe the concept of fusion through inertial confinement.

Laboratories have achieved production of power from fusion that matches the power used to heat the plasma and confine the plasma with the magnetic field.  This is known as “break-even.”   Much, much, more work needs to be done to make commercial sized fusion reactors (could Tony Stark help???).  50 years ago some scientists predicted that the world would be using fusion power for electrical energy.  Some would say that our textbook’s prediction of 20 to 30 years until fusion power is a reality for society is optimistic.

--------------------------- 

OPTIONAL:  If you want to know the basics of the life cycles of stars stop by my office.  The temperature dependence of fusion and the high binding energy per nucleon for iron play major roles in the life of a star.

-------------------------- 

ANSWERS   ……………………..

Q1. Small detectors outside the body would be used to look for nuclear emissions.  Small detectors allow a better determination of the location of the concentration of the pharmaceutical.  A single large detector would not give enough detail about the location.

Q2.  An alpha emitter would be a very bad idea if this is not a treatment.  The alphas would be emitted inside the body and do damage to cells, but since the alphas have a very short range, none of the alphas would be able to escape from the person and be detected.   If the purpose is to treat a local region in the body then the alpha emitter would be a good choice as it would irradiate the region where the radiopharmaceutical concentrates and not irradiate the whole body.

Q3. The nuclear radiations have more than enough energy to ionize atoms.  When the atom is ionized it no longer has the same chemical behavior and the molecule that contains the atom no longer has its proper function.

Q4. Sources of background radiation: radioactive isotopes in soil, rock, brick, concrete, granite; radon gas in the air; cosmic rays; food that contains potassium (but don’t give up your intake of potassium), food that contains carbon; 

Q5.  Fusion occurs when two nuclei merge to form a larger nucleus.

Q6.  Fusion is somewhat the reverse of alpha decay (tunneling).  Quantum Mechanics predicts that fusion can occur by the particles tunneling through the potential barrier.  The probability that fusion takes place goes up as the temperature goes up as the particles will get closer together and the particles will have a KE that is closer to the PE height of the barrier (Figure 32.17).

Q7.  The deuterium has a neutron.  This neutron contributes to the KE of the deuterium but does not cause additional repelling force.

Q8  A high temperature is needed so the nuclei get reasonably close and fuse.  A high density is needed so there are many fusion reactions per second.

Q9.  All known materials melt at temperatures much, much less than a million Kelvin.  Also, if walls could be found that did not melt, those walls would experience a temperature rise that would take away KE from the plasma.

.

Q10.  The density of the plasma can be maintained by using a strong magnetic field to apply a force that concentrates and holds the plasma within a small volume.

Q11.  The Tokamak is a donought shaped device.  The magnetic bottle being used to hold the plasma has no end for plasma to leak out.  Compared to a linear magnetic bottle, the Tokamak can more easily achieve the needed density of deuterium plasma for fusion power.
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