Math Skills Laboratory Lab 123 2

MATH ACTIVITY
Activity: Solving Problems That Involve Nuclear Radiation

MATH SKILLS LAB OBJECTIVES

When you complete this activity, you should be able to do the
Jollowing:

1. Identify isotopes of an element by their atomic number and
mass number.

Use a periodic table to find the average mass number of an element.

Find the number of neutrons in an lsotope from the atomic number
and mass number.

Express the mass of atoms in ktlograms or atomic mass units (u.

Convert atomic mass to an energy equivalent using Einstein’s
equation, E = mc2.

LEARNING PATH

1. Read the Math Skills Lab. Give particular attention to the Math Skills
Lab Objectives.

2. Work through Examples 1 and 2.
3. Work the problems.
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ACTIVITY
Solving Problems That Involve Nuclear Radiation

MATERIALS
For this activity, you’ll need pencil, paper and a calculator.

LET’S REVIEW!

From your text and classroom activity, you learned that each chemical element in nature
contains isotopes represented by symbols. These symbols are presented in a form that looks
like:

(element) A
"Z

where: element = the chemical symbol for each element
A = the mass number for each isotope (nuclide)
Z = the atomic number for each isotope (nuclide)

You also learned the following definitions:

¢ The atomic number (Z) for a given isotope equals the number of protons in the
nucleus of the isotope.

* The mass number (A) for a given isotope equals the total number of protons (2Z)
and neutrons (N) in the nucleus of the isotope. In equation form, A=Z + N.

* Each of the different elements listed in an organized table of the elements—called
the “Periodic Table”—has a different atomic number. See Table 1. For lighter
elements, there’s a ratio of about one neutron to one proton in the nucleus. For
heavier elements, this ratio may be as many as one and one-half neutrons to every
proton.

e In all electrically neutral atoms, there’s one electron outside the nucleus for each
proton inside the nucleus.

* The term isotope refers to atoms of the same element that have different numbers
of neutrons in their nuclei but the same number of protons. Thus, their neutron
numbers—and their mass numbers—are different. For instance, naturally
occurring carbon is a mixture of two isotopes—sC'? and «C'>. Carbon-12 (sC'?) has
six protons and six neutrons. Carbon-13 (sC'®) has six protons and seven
neutrons.

* Some elements have a large number of isotopes. The percentage of each type of
isotope in a sample determines the average atomic mass for each element.

In the partial Periodic Table shown in Table 1, note that carbon (C) has an average
atomic mass of 12.01. This is an average mass for natural carbon which contains a
mixture of isotopes C'? and ¢C'°.

If you look closely, you'll notice that these average mass numbers (non-integers like
12.01) mean that many of the elements have isotopes. Note also that the atomic number
(Z) increases by one as you move from left to right through the elements in a row.
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TABLE 1
Periodic Table (Cutaway)

% 174 12/

AVERAGE ATOMIC MASS
SYMBOL FOR ELEMENT
ATOMIC NUMBER

26.98  28.09
Al Si P S Cl Ar
14

72.59
Ge

The following definitions, along with Table 2, will help you work the problems in this Math
Skills Lab.

e A nuclide is a type of atom characterized by its atomic number (Z) and its mass
number (A).

e Isotopes are nuclides that have the same atomic number (Z) but different neutron
numbers (N) and mass numbers (A)—and hence, different atomic masses.

¢ One atomic mass unit (u) is exactly equal to one-twelfth the mass of the most
abundant form of the carbon isotope ¢C'>. Its value in units of kilograms is
1.6605 x 107 kg.

e To change mass into energy, use the equation, E = mc’.
Table 2 lists the rest mass and energy equivalent of the more common nuclear particles.

TABLE 2
Rest Mass of Particles
Particle Mass in kg Mass in amu Energy equivalent
Electron 9.108 x 10 5.485 x 10*u | 8.197 x 10™J
Proton 1.673 x 10¥ 1.0075 u 1.5057 x 10°J
Neutron 1.675 x 107 1.0087 u 1.5075 x 107 J
a-particle 6.646 x 107 4.0026 u 5.9814 x 107°J
Useful Constants
isht: ¢ = m
Speed of Light: ¢ = 3 x 10% g2
lamu = 1u = 1.6605 x 10> kg

Note: You should recognize that “amu’ and “u’”” are the same. Some text materials use the
older symbol (amu); newer texts use the symbol, “‘u.”

Use the data in Table 2 to work typical problems that will help you understand
nuclear radiation.

Begin by reviewing the notation used to identify nuclides (the nuclei of isotopes). Be
sure you understand how this notation gives you information about the number of
neutrons and protons in the nucleus of an atom. Example 1 reminds you how this is
done.
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Example 1: Atomic Numbers and Mass Numbers of Different Isotopes

Given: Four examples of isotopes with their atomic numbers and mass numbers expressed in
nuclide symbol notation.
(1) Hydrogen H?
(2) Carbon L2
(3) Thorium oo Th23
(4) Uranium 92238
Find: a. The atomic number (Z) for each isotope from the general form—
(element) A

b. The mass number (A) for each isotope from the general form—

(element) A
Z

c. The number of neutrons in the nucleus of each isotope from the equation, A = Z + N.
Solution: From the general form—
(element) A

—identify the ““Z” subscript values as:

a. (1) Hydrogen (H):Z = 1 (3) Thorium (,xTh**%): Z = 90
(2) Carbon ((C**):Z = 6 (4) Uranium (;,U?*): Z = 92

b. From the general form—

(element) A

—identify the” A" superscript values as:

(1) Hydrogen (H): A = 1 (3) Thorium (5, Th**¥): A = 234
(2) Carbon ((C*3): A = 12 (4) Uranium (,,U%*): A = 235

c. From the equation, A = Z + N, solve for the neutron number (N), using appropriate
values from Parts *‘a”” and ““b” above:

(1) Hydrogen: N=A-Z=1-1=0
2)Carbon: N =12-6=6

(3) Thorium: N = 234-90 = 144
(4) Uranium: N = 235 — 92 = 143

Note: It's obvious that light elements, such as hydrogen, have a small number of protons
and neutrons. Heavy elements, such as uranium, have a large number. For exam-
ple, hydrogen has one proton and no neutrons. Uranium-235 has 92 protons and

143 neutrons.
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Now let’s review how to convert mass to energy. Example 2 shows how to do this.

Example 2: Converting Mass to Energy

Given: Einstein's energy equation and the relationships in Table 2.
Find: The energy corresponding to one atomic mass unit (u).
Solution: E = mc®> where:m =1 u=1.6605x 102 kg

c = 3x 10°m/sec

E = (1.6605 x 10% kg)(3 x 10® m/sec)?

X 2
E = (1.6605 x 10°7 kg)x (9 x 10 mcz)
k . 2
E = (1.6605 x 9 x 1027+16 58T
sec?

2
E = 1.494 x10™%kg —
sec?

(Recall from Unit 5, “Energy.” that 1 kg-m?/sec® = 1 J.)
E=1.494x107°4.

Therefore, 1 atomic mass unit—only 1.6605 x 10?7 kg—is equal to 1.494 x107°J of
energy. )

Now solve the following problems.

Problem 1: Given: Table 1 (portion of the Periodic Table) and the atomic numbers
of the following elements:

Element Atomic Number (Z) Element Atomnic Number (Z)
a. Helium (He) 2 d. Aluminum (Al) 13
b. Carbon (C) 6 e. Silicon (Si) 14
c. Oxygen (O) 8 f. Selenium (Se) 34
Find: The correct symbolic form (nuclide symbol) for each element

where “A” is the integer nearest the average atomic mass
number given in Table 1.

A
Solution: ~ Write answers in the form , (element) ** for <3 through “f”

Problem 2: Given: The results of Problem 1.

Find: The correct number of neutrons in the nucleus of the isotope for
the elements in “‘a” through “f.”

Solution: (Hint: A = Z + N.)
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Problem 3: Given:

Find:

Solution:

Student Challenge.

An alpha particle is really a helium nucleus. It has the symbol,
““,He*’” When radium (Ra) decays by alpha emission, it produces
radon (Rn) plus an alpha particle.

The mass number of radium is 226 and the atomic number is
88.

The mass number (A) and atomic number (Z) of radon (Rn) if the
decay of radium (Ra) follows the form—
sRa”®® _, ;Rn* + ,He* + kinetic energy of moving parts
Note: The mass number on the left side must be equal to the
sum of the mass numbers on the right side. The atomic
number on the left side must equal the sum of the atomic
numbers on the right side.

Problem 4: Given:

Find:

Solution:

Problem 5: Given:
Find:

Solution:

Problem 6: Given:

Find:

Solution:
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During a fission process, neutrons are emitted and a large
amount of kinetic energy of the moving parts is released. An
equation describing this reaction is given for the fission of
uranium-235.

kinetic

235 1 138 95 1
%2 o s 36 ° energy

The masses involved are as follows:

92U235 = 235-0439 u 36Kr95 = 94.900011
seBal® = 137.9050u  on! = 1.0087 u

The “missing mass” after the reaction in atomic mass units.
(Hint: See Example 12-F in the text.)

Problem 4 and the missing mass from Problem 4.

a. The energy released in joules during one fission reaction.
b. The energy released if one kg of 4, U?% fissions.

(Hint: See Example 12-G in the text.)

The ink used to print the words *‘Principles of Technology” has
a mass of about 3 micrograms (3 x 10°gm = 3 x 10 kg). If the
mass of this ink could be entirely converted into energy, there
would be enough energy to raise a 5000-kg bus with 30 stu-
dents—each of mass 60 kg—high into the air.

The distance the load (bus and students) would be raised if the
energy from the ink is converted into potential energy to do
work in lifting the load.

Use Einstein’s equation, E = mc?, and the linear work equation,
W = F xD.

Note: ¢ = 3 x 10°m/sec, and g = 9.8 m/sec2.
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