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. . Qo9
Topic 7 - Nuclear Physics e

Subtopic 7.1: Some Properties of Nuclei

KPI7.1.1 KPI7.1.3
1. The nucleus of an atom is made up of which of 5. Which of the following best defines isotopes?
the following?

A Atoms of the same element with
A. Electrons and protons " different numbers of electrons.

B. Electrons and neutrons Atoms of the same element with

ifferent numbers of protons.
C. Protons and neutrons different numbers of protons

Atoms of the same element with

D. Elect 3 t d t . .
CCLrons, protons anc neutrons C different numbers of neutrons.
KPI17.1.2 D Atoms with the same mass number but
2. The atomic number of a given element is " different atomic numbers.
equivalent to which of the following?
KP17.1.4

A. Proton number in the nucleus 6. A nucleus represented by the symbol 4X has

B. Neutron number in the nucleus -

C. Number of electrons in the outer shell A. Zneutrons and A-Z protons

D. Sum of protons and neutrons B. Zprotonsand A-Z neutrons

C. Zprotonsand A+Z neutrons

KP17.1.2
3. If there are 146 neutrons in 238U, how many D. Aprotonsand A-Z neutrons

neutrons are found in the nucleus of 235U?

KP17.1.4
A 141 7. Which of the following pair of atoms are
: 16y9
143 isotopesof the element “gX?
C. 145 A 18x
D. 147 B. 18X
17
KP17.1.2 C X
4, Which term refers to the total number of D. 17x
protons and neutrons in a nucleus?
KPI 7.1.5
A.  Atomic number 8. What is the charge of a single proton?
B. Elect b
ectron number A 0 Term 3
C. Nucleon number
B. -—e
D. Avogadro’s number Mr.Abdulrahman Esam Eid
C. +e m
D. +2¢ () 0509886279 (GHyug

-

i
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KPI7.1.6 KPI7.1.7

9. How does the mass of a proton (m, ) compare 13. What is the energy equivalent of 1 atomic
to the mass of an electron (m,)? mass unit (u) in MeV'?

A m,=2m, A 1MeV

B. m, =100m, B. 13.6 MeV

C. m, =1836m, C. 931.5 MeV

D. m, = (1/1836)m, D. 1.5x 1071 MeV
KPI7.1.6 KP17.1.8
10. Which of the following correctly ranks the 14. What is the nature of the nuclear force between
subatomic particles in increasing order of mass? nucleons?

A. Electron < Proton = Neutron A. Long-ranged and weak

B. Proton < Neutron < Electron B. Short-ranged and strong

C. Electron < Neutron < Proton C. Long-ranged and repulsive

D. Neutron < Proton < Electron D. Short-ranged and repulsive
KP17.1.7 KP17.1.9
11. What is the definition of one unified atomic 15. What is the band of stability in the N versus Z
mass unit (u)? plot?

A. The mass of one proton A. Aregion where stable nuclei exist.

B. The mass of one neutron B A zone where all nuclei undergo

" spontaneous decay.
C. 1/12th the mass of a carbon-12 atom
C A curve showing the maximum number

D. The mass of an electron " of neutrons a nucleus can have.
KPI 7.1.7 D A line representing isotopes with equal
12. The energy equivalent in joules of the mass numbers of protons and neutrons.
of 2.0 x 10731kg .

KP17.1.9
2.0 X 10731 ] 16. What happens to nuclei that lie outside the
' band of stability?

18x10-14) A. They become inert and non-reactive.

A
B. 6.0x107%33]
C
. They disappear from existence.

8.2x 1071
They are stable and do not undergo

decay.

They typically undergo radioactive decay
to move toward stability.
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Free Response:
KPI17.1.2,7.1.4

1. A neutral atom is designated by $3X. Complete the table below with the number of protons, neutrons, electrons
and nucleons this neutral atom has.

Number of Protons

Number of Neutrons

Number of Electrons

Number of Nucleons

KP17.1.4
2. The isotopes of some elements are given below. Form three groups of isotopes of the elements in the table.

15 12 13 18 14 14 16 13 17
7X 6X 7X 8X 7X 6X 8X 6X 8X

Group 1

Group 2

Group 3

KP17.1.5,7.1.6
3. Complete the table below with the relative mass and charge of electron, proton and neutron.

Electron Proton Neutron

Relative Mass

Relative charge

KPI7.1.8
4. Why do stable nuclei exist despite the repulsive Coulomb force between protons?

Term 3

Mr.Abdulrahman Esam Eid
e x|
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Subtopic 7.2: Binding Energy

KP17.2.1

1. What is the mass defect of a nucleus?

A.

B.

KP[7.2.2

The mass lost due to electron capture.

The additional mass gained during
nuclear fusion.

The difference in mass between an atom
and its nucleus.

The difference between the total mass of
the individual nucleons and the actual
mass of the nucleus.

2. What is the formula used to calculate the mass
defect (Am) of a nucleus?

S 0w >

KP17.2.3

Am = (Zmp + Nmn) — Muucleus
AM = Mpyycrens — (Zmy, + Nmy,)
Am =E/c

Am =m, + my,

3. What is the definition of binding energy?

A.

B.

KP17.2.3

4. Which equation relates the mass defect (Am) to

The energy stored in the electron shells

The energy required to remove one
electron from an atom.

The energy needed to hold the protons
together in the nucleus.

The energy required to break a nucleus
into its individual nucleons.

binding energy (Ep)?

S 0w >

— 2
Eb = MpuycleusC
Ep = Zmyc? + Nmy,c?
E, = Amc?

Ep, = 1/2mv?

KP17.2.4

5. Which statement best explains why the mass
defect occurs?

KP17.2.4

Some mass is converted into energy
when the nucleus is formed.

The mass of protons is always greater
than the mass of neutrons.

Some electrons escape from the
nucleus, causing a loss in mass.

The binding energy reduces the size of
the nucleus, making it appear less
massive.

6. What happens to the missing mass in a nucleus
due to the mass defect?

A.

KP17.2.4

Itis lost in the form of heat.
It is converted into extra protons.

It is absorbed by electrons to form
stable atoms.

[t is converted into binding energy
that holds the nucleus together.

7. The mass of the nucleus is less than the total

mass of its nucleons. This fact indicates that some of

the mass has been converted to .

o 0w >

KP17.2.5

8. If the mass defect of a nucleus is given as 0.025 u,

thermal energy
binding energy
kinetic energy

potential energy

what is the equivalent energy in MeV?

oS 0w P

12.5 MeV
18.3 MeV
23.3 MeV
33.3. MeV
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KP17.2.6 KP17.2.6

9. What does the plot of binding energy per nucleon 10. Which nucleus is at the peak of the binding

as a function of mass number show? energy per nucleon curve, representing the most
stable element?

A. The repulsive forces in the nucleus.

A. Iron-56
B The variation of nuclear charge with ron
" atomic n.umber. B. Hydrogen-1
¢ The stability of nuclei across different C.  Uranium-238
mass numbers D. Plutonium-239
D How the mass of a nucleus changes with

the number of protons

Free Response:

KP17.2.2,7.2.3
1. True or False?

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

b. The total energy of the bound system (the nucleus) is more than the combined energy of the separated
nucleons.

c. Binding energy is the energy given out when the separate nucleons combine to form the nucleus.

d. Binding energy is the energy required for a nucleus to break it apart into its separated neutrons and
protons.

2. A helium-4 nucleus consists of two protons and two neutrons. Calculate the mass defect of helium-4 in
atomic mass units (u), given the following masses:

e Mass of a proton =1.00728 u
e Mass of aneutron = 1.00866 u
e Mass of a helium-4 nucleus = 4.00150 u

Term 3

Mr.Abdulrahman Esam Eid
e x|

(*) 0509886279 r@n}’%f—‘.{-‘
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3. The atom 3N has a mass of 14.0031 w.

a. Calculate the mass defect for 12N.

b. Calculate the binding energy per nucleon for *%N.

c. Explain why the mass of an assembled nucleus is less than the sum of the masses of all its nucleons.

4. The nucleus of magnesium, 1224M g has a mass of 23.9850 u.

a. Calculate the mass defect of the given nucleus.

b. Calculate the binding energy of magnesium in MeV and in Joules

5. Answer the following questions on Binding energy.

a. Define binding energy and describe its significance in nuclear stability.

Term 3
b. Why does nuclear fission release energy in heavy elements like Uranium-235?

Mr.Abdulrahman Esam Eid
3
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Subtopic 7.3: Radioactivity

KPI17.3.1
1. What does the activity of a radioactivity sample
represent?
A. The total number of nuclei in the sample.
B. The number of alpha particles emitted per
hour.
C. The total number of nuclei that decay in one
second.
D. The amount of energy released during
radioactive decay.
KP17.3.1
2. Which statement is true about the activity of a
radioactive sample?

A. Activity decreases as more nuclei decay.

B. Activity remains constant regardless of time.

C. Activity increases as the number of
undecayed nuclei decreases.
D. Activity is unrelated to the number of
decaying nuclei.
KP17.3.2
3. If the initial number of radioactive nuclei is Ny /2,
how many remain after one half-life?
No/4
Ny/2
No
2Ny

S 0w »

KPI 7.3.2
4. A sample has a half-life of 5 hours. How much of

the sample remains after 15 hours?

A. N,/16
B. N,/8
C. Ny/4
D. No/2

KPI17.3.2
5. A sample of californium-239 has an activity of
4000 Bg. The half-life of californium-239 is 1

minute. What will the activity be after 4 minutes?

A. 250Bgq
B. 500 Bq
C. 1000 Bq
D. 2000 Bq
KPI7.3.3

6. If the decay constant of a radioactive nuclide is
high, then .

A. Its activity is low.

B. It decays slowly.

C. Ithas alonger half-life.

D. It has a short half-life and high activity.
KP17.3.3

7. Which of the following is true regarding the unit

for the decay constant 1?7

A. Bgs™!
B. s7!
C. s

D. The decay constant has no unit.

KP17.3.3,7.3.6
8. A sample has 5000 undecayed nuclei and a decay

constant of (A = 0.001 s~1). What is its activity?

A. 0.005 Bq
B. 0.50Bq
C. 5.0Bq

D. 50Bq
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KP17.3.3,7.3.6
9. A sample has an activity of 600 Bq and 2000
undecayed nuclei. What is the decay constant?

A. 0.03s71

B. 0.06s7!

C. 0.30s7?!

D. 3.0s71
KPI 7.3.4

10. What does the law of radioactive decay state?
A. The rate of decay increases with time.
B. The number of nuclei increases over time.
C. The activity of a radioactive sample remains
constant.
D. The rate of decay is directly proportional to

the number of undecayed nuclei.

KPI17.3.4,7.3.5

11. A radioactive sample has an initial number of
nuclei (N, = 10 000) and the decay constant of (4 =
0.002 s™1). How many nuclei remain after 200 s?

A. 1353

B. 2000

C. 5000

D. 6703
KP17.3.4,7.3.5

12. If a sample’s initial activity is (4, = 800 Bq) and
the decay constant of (A = 0.005 s~1). How many

nuclei remain after 100 s?

A. 300Bq
B. 485 Bq
C. 640Bq
D. 800 Bq

KPI 7.3.7
13. A radioactive material has a half-life of 100

seconds. What is the decay constant?

A. 0.003s7!
B. 0.0069s7*
C. 0.030s™*
D. 0.069s7*
KPI7.3.7

14. Which of the following statements is true about
the relationship between half-life and decay
constant?

A. Half-life increases as decay constant
decreases.

B. A substance with a smaller decay constant
decays faster.

C. A substance with a larger decay constant has

a longer half-life.
D. Half-life and decay constant are directly
proportional.
KP17.3.8

15. The number of undecayed nuclei of a sample at
various times is shown below:

Time (s) Number of Nuclei
0 8000
10 4000
20 2000
30 1000
What is the half-life of this radioactive sample?
A. 50s
B. 10s
C. 20s
D. 30s

KP17.3.8
16. A radioactive substance shows the following
activity data:

Time (min) Activity (Bq)
0 160
15 80
30 40
45 20

What is the decay constant?
A. 0.023min™?!
B. 0.046 min™!
C. 0.069 min~1
D. 0.693 min™1!
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Free Response:

KPI17.3.2
1. Answer the following questions on half-life.

a. Define the term half-life of a radioactive nuclide.

b. Describe what happens to the number of undecayed nuclei in a sample over successive half-lives. Tick
the correct box(es).

KPI 7.3.2

2. A sample of radioactive iodine has an initial activity of 800 counts per minute. Its half-life is 8 days.

a. What is the activity of the sample after 8 days?

b. How many days will it take for the activity to fall to 100 counts per minute?

c. Explain why the sample never fully decays to zero activity, even after a long time.

Term 3

Mr.Abdulrahman Esam Eid
e x|
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KP17.3.3
3. Answer the following questions on decay constant and its role in radioactive decay.

a. Define the decay constant (1) in the context of radioactive decay.

b. How does the value of (1) affect the rate of radioactive decay?

c. Ifthe decay constant of a sample is 0.001 s-! and the sample has 5.0 x 10¢ undecayed nuclei, calculate

the activity.

KP17.3.4,7.3.6
4. The activity of a sample drops from 1000 Bq to 250 Bq. If A = 0.002 s-1, how much time has passed?

Mr.Abdulrahman Esam Eid
e x|
() 0509886279 MG
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-
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KP17.3.4,7.3.5
5. A radioactive sample contains N, = 5.0 X 10° nuclei. The decay constantis (1 = 0.002 s™1).

a. State the law of radioactive decay.

b. Calculate the number of undecayed nuclei after 200 seconds.

KPI 7.3.4,7.3.5
6. A radioactive substance initially contains 1.2 x 107nuclei. After some time, only 3.0 x 10¢ nuclei remain. If

the decay constantis (A = 0.001 s~1), calculate the time elapsed.

KPI17.3.4,7.3.6
7. A radioactive sample has an initial activity (4, = 2000 Bq) and a decay constant (1 = 0.0005 s~1). Find its

activity after 1 hour.

KP17.3.7

8. If the decay constant of a substance is (A = 0.002 s~1), what is its half-life?

Mr.Abdulrahman Esam Eid

(*) 0509886279 @j.
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& Einsteinabdo ﬁl 1
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KP17.3.4,7.3.5,7.3.7
9. Palladium-100 has a half-life of 3.6 days.

a. Find the decay constant for the sample?

b. Ifthere are 6.02 x 1023 atoms at the start, how many atoms would be present after 20.0 days?

KPI 7.3.8
10. The radioisotope technetium is used extensively in medicine. The graph below shows how the activity

of a sample varies with time.

8

ACTIVITY /10" Bq
o

0 2 4 6 8 10 12 14 16 18 20 22 24
TIME/HOURS

Determine the half-life of this material.

Mr.Abdulrahman Esam Eid
e x|
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