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Exercise 1                    stability of atoms   

The uranium nucleus 𝟗𝟐
𝟐𝟑𝟓𝑼 has a mass of 234.9935u. Given 𝟏𝒖

= 𝟗𝟑𝟏. 𝟓𝑴𝒆𝑽/𝒄𝟐 ; 𝒓𝟎 = 𝟏. 𝟐𝒇𝒎 ; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟕𝟐𝟖𝒖 ; 𝒎𝒏

= 𝟏. 𝟎𝟎𝟖𝟔𝟔𝒖;

1. Indicate the constituents of this nucleus.

2. Calculate the radius of this nucleus.

3. Calculate the mass defect in u and in 𝑴𝒆𝑽/𝒄𝟐.

4. Deduce in MeV the binding energy per nucleons.

5. The binding energy per nucleon of 𝟔
𝟐𝑪 is 7.67957MeV. Which

nucleus (uranium or carbon) is more stable



1. Indicate the constituents of this nucleus.

In neutral atom no of protons=no of electrons=Z=92

Mass number: A=235

Number of neutrons: N=A-Z=235-92=143

𝐫 = 𝒓𝟎 × 𝑨
𝟏
𝟑

𝐫 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓(𝟐𝟑𝟓)
𝟏
𝟑

𝐫 = 𝟕. 𝟒𝟎𝟓 × 𝟏𝟎−𝟏𝟓𝒎

2.Calculate the radius of this nucleus.
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3.Calculate the mass defect in u and in 𝟓𝑴𝒆𝑽/𝒄𝟐

∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿

∆𝒎 = 𝟗𝟐 × 𝟏. 𝟎𝟎𝟕𝟐𝟖 + 𝟏𝟒𝟑 × 𝟏. 𝟎𝟎𝟖𝟔𝟔 − 𝟐𝟑𝟒. 𝟗𝟗𝟑𝟓𝐮

∆𝒎 = 𝟗𝟐. 𝟔𝟔𝟗𝟕𝟔 + 𝟏𝟒𝟒. 𝟐𝟑𝟖𝟑𝟖 − 𝟐𝟑𝟒. 𝟗𝟗𝟑𝟓𝐮

∆𝒎 = 𝟐𝟑𝟔. 𝟗𝟎𝟖𝟏𝟒𝐮 − 𝟐𝟑𝟒. 𝟗𝟗𝟑𝟓𝐮 ∆𝒎 = 𝟏. 𝟗𝟏𝟒𝟔𝟒𝐮

∆𝒎 = 𝟏. 𝟗𝟏𝟒𝟔𝟒𝐮 × 𝟗𝟑𝟏. 𝟓

∆𝒎 = 𝟏𝟕𝟖𝟑. 𝟒𝟖𝟕𝐌𝐞𝐕/𝒄𝟐
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4. Deduce in MeV the binding energy per nucleons.

𝐁. 𝐄 = ∆𝐦𝐜𝟐

𝐁. 𝐄 = 𝟏𝟕𝟖𝟑. 𝟒𝟖𝟕
𝑴𝒆𝑽

𝒄𝟐
× 𝐜𝟐

𝐁. 𝐄 = 𝟏𝟕𝟖𝟑. 𝟒𝟖𝟕𝐌𝐞𝐕

𝐁. 𝐄

𝑨
=
𝟏𝟕𝟖𝟑. 𝟒𝟖𝟕𝐌𝐞𝐕

𝟐𝟑𝟓

𝐁. 𝐄

𝑨
= 𝟕. 𝟓𝟖𝟗𝐌𝐞𝐕
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5. The binding energy per nucleon of 𝟔
𝟐𝑪 is 7.67957MeV. Which

nucleus (uranium or carbon) is more stable.

For carbon: 
𝐁.𝐄

𝑨
= 𝟕. 𝟔𝟕𝟗𝐌𝐞𝐕For uranium: 

𝐁.𝐄

𝑨
= 𝟕. 𝟓𝟖𝟗𝐌𝐞𝐕

Then B.E/A of carbon> B.E/A of uranium then:

The carbon nucleus is more stable than uranium nucleus  
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In nature, unstable nuclei decay to produce more stable

nuclei.

Part A: the more stable nucleus:

Consider the two nuclides 𝟏𝟏
𝟐𝟑𝑵𝒂 and 𝟏𝟐

𝟐𝟑𝑴𝒈 of respective

masses 22.989u and 22.994u.

1. Determine the radius of each nucleus, and calculate the

density of each.

2. Determine the binding energy per nucleon of each nuclide.

3. Which nuclide decays to produce the other? Explain.
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𝒆 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑪 𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟔𝟔𝒖 𝒎𝑷 = 𝟏. 𝟎𝟎𝟕𝟐𝟕𝒖

𝟏𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱 𝟏𝒖 = 𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟕𝒌𝒈 𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

𝑵𝑨 = 𝟔. 𝟎𝟐𝟐 × 𝟏𝟎𝟐𝟑/𝒎𝒐𝒍𝒆 𝒓𝟎 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓𝒎



1. Determine the radius of each nucleus.
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𝒓𝑵𝒂 = 𝒓𝟎𝑨
𝟏/𝟑

𝒓𝑵𝒂 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓(𝟐𝟑)
𝟏
𝟑

𝒓𝑵𝒂 = 𝟑. 𝟒𝟏 × 𝟏𝟎−𝟏𝟓𝒎

𝒓𝑴𝒈 = 𝒓𝟎𝑨
𝟏/𝟑

𝒓𝑴𝒈 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓(𝟐𝟑)
𝟏
𝟑

𝒓𝑴𝒈 = 𝟑. 𝟒𝟏 × 𝟏𝟎−𝟏𝟓𝒎



2. Calculate the density of each.
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𝝆𝑵𝒂 =
𝐦𝐚𝐬𝐬

𝐯𝐨𝐥𝐮𝐦𝐞
=
𝒎𝑷 × 𝑨

𝟒
𝟑
𝝅𝒓𝟑

=
𝒎𝑷 × 𝑨

𝟒
𝟑
𝝅𝒓𝟎𝑨

𝝆𝑵𝒂 =
𝒎𝑷

𝟒
𝟑
𝝅𝒓𝟎

𝝆𝑵𝒂 =
𝟏. 𝟎𝟎𝟕𝟐𝟕 × 𝟏. 𝟔 × 𝟏𝟎−𝟐𝟕

𝟒
𝟑
× 𝟑. 𝟏𝟒 × 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓

𝝆𝑵𝒂 = 𝟐. 𝟑 × 𝟏𝟎−𝟏𝟕𝒌𝒈/𝒎𝟑



Exercise 2                    Nuclei and stability                       

𝝆𝑴𝒈 =
𝐦𝐚𝐬𝐬

𝐯𝐨𝐥𝐮𝐦𝐞
=
𝒎𝑷 × 𝑨

𝟒
𝟑
𝝅𝒓𝟑

=
𝒎𝑷 × 𝑨

𝟒
𝟑
𝝅𝒓𝟎𝑨

𝝆𝑴𝒈 =
𝒎𝑷

𝟒
𝟑
𝝅𝒓𝟎

𝝆𝑴𝒈 =
𝟏. 𝟎𝟎𝟕𝟐𝟕 × 𝟏. 𝟔 × 𝟏𝟎−𝟐𝟕

𝟒
𝟑
× 𝟑. 𝟏𝟒 × 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓

𝝆𝑴𝒈 = 𝟐. 𝟑 × 𝟏𝟎−𝟏𝟕𝒌𝒈/𝒎𝟑



3. Determine the binding energy per nucleon of each nuclide.
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∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑵𝒂

∆𝒎 = (𝟏𝟏 × 𝟏. 𝟎𝟎𝟕𝟐𝟖 + 𝟐𝟑 − 𝟏𝟏 𝟏. 𝟎𝟎𝟖𝟔𝟔 − 𝟐𝟐. 𝟗𝟖𝟐

∆𝒎 = 𝟏𝟏. 𝟎𝟖𝟎𝟎𝟖 + 𝟏𝟐. 𝟏𝟎𝟑𝟗𝟐 − 𝟐𝟐. 𝟗𝟖𝟐

∆𝒎 = 𝟐𝟑. 𝟏𝟖𝟒 − 𝟐𝟐. 𝟗𝟖𝟐

∆𝒎 = 𝟎. 𝟐𝟎𝟐𝒖
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𝑬𝑵𝒂
𝑨

=
∆𝒎. 𝒄𝟐

𝑨
× 𝟗𝟑𝟏. 𝟓𝑴𝒆𝒗/𝒄𝟐

𝑬𝑵𝒂
𝑨

=
𝟎. 𝟐𝟎𝟐. 𝒄𝟐

𝟐𝟑
× 𝟗𝟑𝟏. 𝟓𝑴𝒆𝒗/𝒄𝟐

𝑬𝑵𝒂
𝑨

= 𝟖. 𝟏𝟖𝟏𝑴𝒆𝑽/𝒏𝒖𝒄𝒍𝒆𝒐𝒏
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∆𝒎(𝑴𝒈) = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑵𝒂

∆𝒎 = (𝟏𝟐 × 𝟏. 𝟎𝟎𝟕𝟐𝟖 + 𝟐𝟑 − 𝟏𝟐 𝟏. 𝟎𝟎𝟖𝟔𝟔 − 𝟐𝟐. 𝟗𝟗𝟒

∆𝒎 = 𝟏𝟐. 𝟎𝟖𝟕𝟑𝟔 + 𝟏𝟏. 𝟎𝟗𝟓𝟐𝟔 − 𝟐𝟐. 𝟗𝟗𝟒

∆𝒎 = 𝟐𝟑. 𝟏𝟖𝟐𝟔𝟐 − 𝟐𝟐. 𝟗𝟗𝟒

∆𝒎 = 𝟎. 𝟏𝟖𝟖𝟔𝟐𝒖
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𝑬𝑴𝒈

𝑨
=
∆𝒎. 𝒄𝟐

𝑨
× 𝟗𝟑𝟏. 𝟓𝑴𝒆𝒗/𝒄𝟐

𝑬𝑴𝒈

𝑨
=
𝟎. 𝟏𝟖𝟖𝟔𝟐. 𝒄𝟐

𝟐𝟑
× 𝟗𝟑𝟏. 𝟓𝑴𝒆𝒗/𝒄𝟐

𝑬𝑴𝒈

𝑨
= 𝟕. 𝟔𝟑𝟗𝑴𝒆𝑽/𝒏𝒖𝒄𝒍𝒆𝒐𝒏



4. Which nuclide decays to produce the other? Explain.
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Since the
𝑬𝑵𝒂

𝑨
= 𝟖. 𝟏𝟖𝟏𝑴𝒆𝑽/𝒏𝒖𝒄𝒍𝒆𝒐𝒏 >

𝑬𝑴𝒈

𝑨
= 𝟕. 𝟔𝟑𝟗𝑴𝒆𝑽

/𝒏𝒖𝒄𝒍𝒆𝒐𝒏

Then Na is stable and Mg is non stable.

Therefore Mg will decays to produce the more stable nucleus

Na



Part B: isotopes of carbon

Carbon has several isotopes. A 100g sample of carbon

contains 98.89% of 𝟔
𝟏𝟐𝑪 and 1.11% of 𝟔

𝟏𝟑𝑪.

1. Define the term isotopes.
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Isotopes are atoms of same element having the same atomic

number (Z) but different mass number (A).



2. Calculate the number of 𝟔
𝟏𝟑𝑪 atoms found in this sample.

(Neglect the mass of the electrons.)
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The number of 𝟔
𝟏𝟑𝑪 atoms founded in this sample is:

𝑵𝑪 =
𝒎

𝑴
×𝑵𝑨𝒗

But the percentage by mass 𝟔
𝟏𝟑𝑪 is 1.11%

𝒎𝑪 =
𝟏.𝟏𝟏

𝟏𝟎𝟎
× 𝟏𝟎𝟎𝐠 = 𝟏. 𝟏𝟏𝐠
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𝑵𝑪 =
𝒎

𝑴
× 𝑵𝑨𝒗

𝑵𝑪 =
𝟏. 𝟏𝟏

𝟏𝟑
× 𝟔. 𝟎𝟐 × 𝟏𝟎𝟐𝟑

𝑵𝑪 = 𝟎. 𝟓𝟏𝟒 × 𝟏𝟎𝟐𝟑𝒏𝒖𝒄𝒍𝒊𝒅𝒆𝒔
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Consider the following isotopes 𝟖
𝟏𝟒𝑶; 𝟖

𝟏𝟓𝑶and 𝟖
𝟏𝟔𝑶.

1) Define the term isotopes and justify why those atoms are

isotopes.

2) Calculate the radius of the 𝟖
𝟏𝟔𝑶 nucleus. Given 𝒓𝟎

= 𝟏. 𝟐𝒇𝒎.

3) Calculate the volume of the nucleus of this isotope.

4) Deduce the density of 𝟖
𝟏𝟔𝑶 nucleus, knowing that the mass

of a nucleon is 𝒎𝟎 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈



𝟖
𝟏𝟒𝑶; 𝟖

𝟏𝟓𝑶and 𝟖
𝟏𝟔𝑶;

1) Define the term isotopes and justify why those atoms are

isotopes.

Isotopes of an element are nuclei having the same charge

number (Z) but different mass numbers (A).

𝟖
𝟏𝟒𝑶; 𝟖

𝟏𝟓𝑶and 𝟖
𝟏𝟔𝑶 are isotopes since they are element are

nuclei having the same charge number (Z=8) but different

mass numbers (A=14; A=15 and A=16).
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𝟖
𝟏𝟒𝑶; 𝟖

𝟏𝟓𝑶and 𝟖
𝟏𝟔𝑶;

2) Calculate the radius of the 𝟖
𝟏𝟔𝑶 nucleus. Given 𝒓𝟎 =

𝟏. 𝟐𝒇𝒎

𝐫 = 𝒓𝟎 × 𝑨
𝟏
𝟑

𝐫 = 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓(𝟏𝟔)
𝟏
𝟑

𝐫 = 𝟑. 𝟎𝟐𝟑 × 𝟏𝟎−𝟏𝟓𝒎

Exercise 3                      density of oxygen   



3)Determine the volume of the nucleus of this isotope.

𝐕 =
𝟒

𝟑
𝝅𝒓𝟑

𝐕 =
𝟒

𝟑
𝝅 × 𝟑. 𝟎𝟐𝟑 × 𝟏𝟎−𝟏𝟓 𝟑

𝐕 = 𝟏. 𝟏𝟓 × 𝟏𝟎−𝟒𝟑𝒎𝟑
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4) Deduce the density of 𝟖
𝟏𝟔𝑶 nucleus, knowing that the mass

of a nucleon is 𝒎𝟎 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝝆 =
𝒎

𝑽

𝝆 =
𝟏𝟔 × 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟐𝟕𝒌𝒈

𝟏. 𝟏𝟓 × 𝟏𝟎−𝟒𝟑𝒎𝟑

𝝆 = 𝟐. 𝟑 × 𝟏𝟎−𝟐𝟕𝒌𝒈/𝒎𝟑

𝝆 =
𝑨 ×𝒎𝟎

𝑽
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