Topic 7  –  Atomic, nuclear and particle physics 
Formative Assessment

PROBLEM SET
                   NAME: ________________________________  TEAM:__  

THIS IS A PRACTICE ASSESSMENT. Show formulas, substitutions, answers, and units!
Topic 7.1 – Discrete energy and radioactivity
1.
Distinguish between Thompson’s Plum Pudding model of the atom and Rutherford’s model.
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2.
In 1913 Geiger and Marsden fired alpha particles at gold foil. The diagram shows two such alpha particles at A and B and gold nuclei within the foil. Sketch in the likely paths for each alpha particle within the box.
3.
Explain why the Geiger-Marsden scattering experiments provided evidence for atomic nuclei.
4.
Explain how the emission spectrum of an atom provides evidence for the existence of atomic energy levels.

5.
Compare and contrast the emission and the absorption spectra for an element. Be sure to include how they look, and how they are created.

6.
The Balmer Series of the emission spectrum for hydrogen is the range of frequencies (or wavelengths) of light which we can see. What is the approximate range of these wavelengths?

7.
What is the approximate range of frequencies of visible light?

8.
List the three main series of the hydrogen emission spectra in order from shortest to longest wavelength, and label each with its common name (infrared, visible, ultraviolet).

9.
How many principle quantum numbers does the hydrogen atom have and what is the smallest one? What state is represented by this smallest quantum number?

10.
Which excited state is a hydrogen electron in if it has a principle quantum number of 5?

11.
What is the name given to the energy packet or particle that a hydrogen electron either absorbs or emits when it changes energy levels?

12.
A hydrogen electron’s principle quantum number increases from 1 to 3. Did the hydrogen atom absorb a photon, or did it emit one? Is the hydrogen atom excited, or is it de-excited? 

13.
A hydrogen electron’s principle quantum number decreases from 3 to 1. Did the hydrogen atom absorb a photon, or did it emit one? Is the hydrogen atom excited, or is it de-excited?

The energy level diagram for a hydrogen atom is shown. The following 9 questions are about the energy levels of the hydrogen atom.
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14.
The diagram to the right represents hydrogen electron jumps from one energy level to another. Label them with their series names.

15.
Does the diagram to the right represent emissions or absorptions? How do you know?

16.
True or false: The energy of the photon associated with a jump is proportional to the length of the arrow in the diagram to the right.

17.
True or false: Every arrow in the Lymen Series is longer than every arrow in the Balmer Series. 

18.
True or false: Every arrow in the Balmer Series is longer than every arrow in the Paschen Series. 

19.
An electron jumps from n = 4 to n = 1. What is the energy in eV of the associated photon? Is the photon emitted or is it absorbed by the hydrogen atom?  Which series is this photon associated with? What is its frequency?

20.
A photon having an energy of 12.09 eV strikes a hydrogen atom. Can it be absorbed by the atom? If so, describe the electron jump that will occur.

21.
An electron jumps from n = 4 to n = 2. What will be the energy of the associated photon? Will this photon be emitted, or will it be absorbed? Is this photon in the visible spectrum?

22.
What is the wavelength of the previous photon in nm? What is its frequency?

The following four questions are about nuclear isotopes.
23.
Explain how a mass spectrometer works, and how it can be used to determine that an element has different isotopes.

24.
What is the atomic weight of water? What is the atomic weight of heavy water?

25.
Define nucleon number, proton number and neutron number, and describe their relationship.

26.
An element has a mass number of 37 and is the 16th element on the periodic table. How many neutrons does it have?

These three questions are about the four fundamental forces.

27.
Describe the four force interactions in the universe, and give their relative strengths and ranges.

28.
Which two have been resolved into one?

29.
What are the two main forces that interact in the nucleus?
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These 9 questions are about radioactivity and radioactive particles.

30.
Explain the effect that physical and chemical processes have on a radioactive material’s activity rate.
[image: image4.png]


31.
Pierre and Marie Curie discovered two natural radioactive elements. What were they?

32.
What natural radioactive element did Henri Becquerel discover through exposure of protected photographic plates?
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33.
Label the three particles released during radioactive decay in the diagram to the right.
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34.
The variation with thickness x of the number n of (-particles penetrating a material is shown in the graph. What can be deduced from the graph?
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(a)
The (-particles have a large mass.


(b)
The (-particles produce high levels of ionization.


(c)
The (-particles have approximately the same initial 
energy.


(d)
The range is independent of the initial energy.

35.
Label each reaction with its decay type.
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14C ( 14N + ( + e-

10C ( 10B + ( + e+
36.
Why is the neutrino necessary for the two reactions?
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37.
Compare and contrast the particle e- and the particle e+.
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38.
Under what condition will a nucleus emit a gamma photon?

These 5 questions are about ionizing radiation.
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39.
Which particle or particles from radioactive decay are stopped be a few centimeters of air or a sheet of paper? Why?
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40.
Which particle or particles from radioactive decay are stopped be a few meters of air or a sheet of aluminum? Why?
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41.
Which particle or particles from radioactive decay require many meters of air of air or a lead wall to stop them? Why?

42.
How much lead would you need to stop a neutrino? Why?
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The graph shows neutrons vs. protons for the stable nuclei.


43.
In the graph shown to the right sketch very precisely the line N = Z.
44.
Explain why the stable nuclei tend to occur above your line, rather than below it.

45.
Explain why for the elements below Z = 20 that the number of neutrons and protons can be approximately equal.

These three questions are about radioactivity.
46.
Radioactive decay is a random and spontaneous process. What does this statement mean?

47.
Explain why the rate of radioactive decay of a substance decreases with time.
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A radioactive nuclide having an initial population of 5000 has the decay curve shown here.

48.
What is the half life of this nuclide?
49.
After how many half lives will the population be 625 nuclides?

50.
The initial activity of the sample is A. What will be the level of activity after one half life has elapsed?

51.
If the initial activity of 0.65 grams of the above sample is A what would the activity be if we doubled the initial sample to 1.30 grams?

52.
If the initial activity of 0.65 grams of the above sample is A what would the activity be if we increased the initial sample to 3.00 grams?

These 3 questions are about radioactive decay.
53.
A radioactive sample having a mass of 128 grams is sealed in a container having a mass of 10 grams. The nuclide has a half life of 10 hours. What will the mass of the sealed container be after 30 hours have elapsed?
54.
128 grams of a radioactive sample decays to 8 grams in 120 minutes. What is the half life of the sample?

55.
Suppose the activity of a radioactive sample decreases from X Bq to X/32 Bq in 80 minutes. What is the half-life of the substance?
Topic 7.2 – Nuclear reactions
56.
Explain what a transmutation is, and give two examples of artificial transmutations.
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57.
In the nuclear reaction                                           , what must the value of a be? What must the value of b be? What must be the element represented by the X?
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58.
Fill in the boxes with the appropriate items:                                               .
59.
Define the term unified atomic mass.

60.
A neutral carbon-12 atom has a mass of precisely 12.000000 u. How many kilograms is this?
61.
How many joules would be released by the complete conversion of 0.250 kg into pure energy?
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The graph shows the binding energy per nucleon vs. number of nucleons. The following 8 questions refer to this graph.
62.
Show that 9Be has a binding energy per nucleon of about 7 MeV.

63.
On the graph circle the most stable of all the elements. How do you know it is the most stable?

64.
From the previous graph find the binding energy per nucleon Eb/A for 236U.

65.
What then is the binding energy Eb of 236U?

66.
Find the binding energy of 141Ba.

67.
Find the binding energy of 92Kr.

68.
From the previous three problems, find the gain in binding energy that occurs when uranium-236 splits into barium-141 and krypton-92.
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The following 5 questions refer to the reaction shown below. Use the given table as needed.
69.
Complete the nuclear reaction shown here: 
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70.
Find the mass in u of the reactants.
71.
Find the mass in u of the products.

72.
Explain why this reaction is an artificial transmutation that is not likely to occur naturally.

73.
What is the minimum kinetic energy (in MeV) of the alpha particle needed to cause this transmutation to occur? Explain your answer.

The following 6 questions are about fission and fusion.
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74.
Describe the processes of nuclear fission and nuclear fusion.
75.
On the graph label the portion in which the process of fusion will release energy. How do you know it will release energy?

76.
On the same graph label the portion in which the process of fission will release energy. How do you know it will release energy?

77.
What process provides the main energy source of the sun?

78.
How are fission chain reactions sustained?

79.
Distinguish between fission and radioactive decay.

Topic 7.3 – The structure of matter
The following 7 questions are about the fundamental forces.
80.
State what is meant by an elementary particle, and what are the three types?
81.
List the four forces, and their carriers. What are their relative strengths, and their ranges?
82.
For quarks and leptons, list which forces they are influenced by.

83.
State the content, in terms of quarks and antiquarks, of hadrons (that is, baryons and mesons). State the quark content of the proton and the neutron.
84.
A baryon has the quark combo of (sss). What is its charge? What is its strangeness? What are the charge and strangeness of its antiparticle?

85.
What is quark confinement, and why does it prevent isolated quarks from being observed.

86.
State the three-family structure of quarks and leptons in the standard model. Be sure to list the family number and the particles within that family.
Include baryon and lepton numbers, and strangeness, for each.
The following questions are about conservation.
87.
Is lepton number conserved in total, like baryon number, or is it conserved in another way? How is it conserved?
88.
Use conservation principles to find out if the following reactions are possible:


(a) p + e- → n + ((



(e) e- + e+ → (   +  (
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(b) p + p → p + p +  p


(f) e- + e+ → n  +  (
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(c) p + p → p + p +  (0


(g) p + p → n  +  (

(d) p + p → (0 +  (0



(e) e- + (+ → ( +  (
The following 3 questions are about the Higgs boson.


89.
What is the Higgs particle (or Higgs boson)?
90.
What is the significance of the Higgs boson in the context of the standard model?

91.
Has CERN been designed to have high enough energies to detect the Higgs boson?


The following six questions are about Feynman diagrams.

92.
Explain what is happening in this Feynman diagram.


93.
Explain what is happening in this Feynman diagram.

94.
Explain what is happening in this Feynman diagram and who Paul Dirac was.

95.
Explain what is happening in this Feynman diagram. What kind of decay is illustrated? Add two quarks to complete the top of the diagram so that it shows a neutron and a proton in the reaction.
96.
Make a Feynman diagram depicting a proton and an antiproton annihilating each other.


97.
Predict the particles that are not identified in the Feynman diagram.





























































































































































































