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Problem 1 [ /10 marks ]

–	13	–

turn over

M12/4/PHYSI/SP2/ENG/TZ1/XX

(Question B1 continued)

	 Part 2	 Radioactive	decay

	 (a)	 Describe	the	phenomenon	of	natural	radioactive	decay. [3]

	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b)		 A	 nucleus	 of	 americium-241	 (Am-241)	 decays	 into	 a	 nucleus	 of	 neptunium-237	
(Np-237)	in	the	following	reaction.

241 237 4
95 2Am Np+X→ α

	 	 (i)		 State	the	value	of		X. [1]

	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 	 (ii)	 Explain	in	terms	of	mass	why	energy	is	released	in	the	reaction	in	(b). [2]

	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(This question continues on the following page)

Radioactive decay is a random and spontaneous process which

involve unstable nucei emitting radioactive particles.

Essential concepts(carleton.edu)

Radioactive Decay Wikipedia

External links

Notice : By this process, energy is released

x= 93

As the decay releases energy, there is a mass defect Dm

(that is a consequence of Einstein formula : E=�m c2)

Notice :Experiments into nuclear structure have found that the total mass
of a nucleus is less than the sum of the masses of its constituent nucleons

and the total biending energy increases !

( this question continues next page )
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(Question B1, part 2 continued)

	 	 (iii)	 Deine	binding energy	of	a	nucleus. [1]

	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 	 (iv)	 The	following	data	are	available.

nuclide binding energy per nucleon / MeV
	 americium-241 7.54
	 neptunium-237 7.58
	 helium-4 7.07

Determine	the	energy	released	in	the	reaction	in	(b). [3]
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	 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Binding energy can be defined as
1: The minimum energy needed to break a nucleus up into its constituent nucleons,

2: The energy released when a nucleus forms from constituent nucleons.

Notice : IB's markshemes give preference to the first definition.

E=�mc2 first method : �m=7.6�106� 1.602�10−19

(3 � 108)2

Notice : Suppose the mass defect would be asked (as a next question)

E =(237� 7.58+4� 7.07)− 241� 7.54

in Kg

( see booklet page 1 )

= (1796.5+ 28.3)− 1817 = 7.6Mev

second method : �m= 7.6Mev/931.5MeV c−2 in u

Problem 2 [ / 10 marks ]

±����±

Turn over

0�����3+<6,�63��(1*�7=��;;

(Question B2 continued)

� Part 2� 1XFOHDU�SK\VLFV

� �D�� �L�� 'H¿QH�binding energy RI�D�QXFOHXV� [1]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � �LL�� 7KH� PDVV� RI� D� QXFOHXV� RI� SOXWRQLXP� 94
239Pu( )� LV� �����������X�� � 'HGXFH� WKDW� WKH�

ELQGLQJ�HQHUJ\�SHU�QXFOHRQ�IRU�SOXWRQLXP�LV�����0H9� [3]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

(This question continues on the following page)
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�m=3.9696305 � 10−25 − (94� 1.673� 10−27 kg+ 145� 1.675� 10−27 kg)

=(3.9696305− 4.00137)10−25kg =−3.17410−27kg

=1.196 � 10−12

1.6 � 10−19 J /nucl =� 0.75 � 107J /nucl= 7.5Mev/nucl

then Ebind=3.17410−27 � (3.108)2= 2.857 � 10−10J) Ebind

nucl =
2.857 � 10−10

239 = 1.196 � 10−12J /nucl

1.949973u= 1.949973�931.5MeV c−2 =1816.4MeV c−2) Ebind=1816.4MeV= 7.6Mev/nucl

Short way : �m= 238.990396− (94� 1.007276+ 145� 1.008665)=−1.949973u

Mass of a nucleus of 239PU =238.990396� 1.661� 10−27= 3.9696305 � 10−25kg

( this question continues next page )
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(Question B2, part 2 continued)

� �E�� 7KH�JUDSK�VKRZV�WKH�YDULDWLRQ�ZLWK�QXFOHRQ�QXPEHU��A��RI�WKH�ELQGLQJ�HQHUJ\�SHU�QXFOHRQ�
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0
1x

� � �L�� &DOFXODWH�WKH�QXPEHU��x��RI�QHXWURQV�SURGXFHG� [1]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

(This question continues on the following page)
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x=3

7.59

8.61
8.2

±����±

Turn over
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(Question B2, part 2 continued)

� � �LL�� 8VH�WKH�JUDSK�WR�HVWLPDWH�WKH�HQHUJ\�UHOHDVHG�LQ�WKLV�UHDFWLRQ� [2]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� �F�� 6WDEOH� QXFOHL�ZLWK� D�PDVV� QXPEHU� JUHDWHU� WKDQ� DERXW� ���� FRQWDLQ�PRUH� QHXWURQV� WKDQ�
SURWRQV���%\�UHIHUHQFH�WR�WKH�SURSHUWLHV�RI�WKH�QXFOHDU�IRUFH�DQG�RI�WKH�HOHFWURVWDWLF�IRUFH��
VXJJHVW�DQ�H[SODQDWLRQ�IRU�WKLV�REVHUYDWLRQ� [4]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2332

239�7.59− (91� 8.61+ 146� 8.2)= 1814− 1980.7=� 894Mev

( this question continues next page )
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Turn over
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(Question B2, part 2 continued)

� � �LL�� 8VH�WKH�JUDSK�WR�HVWLPDWH�WKH�HQHUJ\�UHOHDVHG�LQ�WKLV�UHDFWLRQ� [2]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� �F�� 6WDEOH� QXFOHL�ZLWK� D�PDVV� QXPEHU� JUHDWHU� WKDQ� DERXW� ���� FRQWDLQ�PRUH� QHXWURQV� WKDQ�
SURWRQV���%\�UHIHUHQFH�WR�WKH�SURSHUWLHV�RI�WKH�QXFOHDU�IRUFH�DQG�RI�WKH�HOHFWURVWDWLF�IRUFH��
VXJJHVW�DQ�H[SODQDWLRQ�IRU�WKLV�REVHUYDWLRQ� [4]

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2332

the electric force acts on protons, the strong nuclear force acts on nucleons;

the nuclear force is attractive/binds the nucleons;

so :

so adding more neutrons (compared to protons) contributes to binding
and does not add to tendency to split the nucleus.

facts:

the electric force is repulsive/tends to split the nucleus;

but:
the electric force is long range whereas the nuclear force is short range;
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Problem 3 [ / 8 marks ]

Let us consider a sample 1.0 kg of strontium-94 (Sr-94).

Sr-94 is radioactive and undergoes beta-minus decay into a daughter nuclide X.

The reaction for this decay is

38
94 Sr!

39

94
X+ −1

0 � + 0
0��

1) complete the reaction (providing the missing information) [ 4 ]

(Question 6 continued)

(ii) The power station has a useful power output of 1.2 GW and an efficiency of 36 %. 
Determine the mass of U-235 that undergoes fission in one day. [2]

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) A sample of waste produced by the reactor contains 1.0 kg of strontium-94 (Sr-94).  
Sr-94 is radioactive and undergoes beta-minus (β–) decay into a daughter nuclide X. 
The reaction for this decay is

94
8   3  Sr → X + νࡄ��e + e.

(i) Write down the proton number of nuclide X. [1]

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The graph shows the variation with time of the mass of Sr-94 remaining in the sample.
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2)
(Question 6 continued)

(ii) State the half-life of Sr-94. [1]

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Calculate the mass of Sr-94 remaining in the sample after 10 minutes. [2]

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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T1
2
=75s

10 min = 600
75 =8T1

2

then after 10min :
( 1
2

�
8= 0.0093Kg (or 3.9g ) of Sr
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Four paper1 questions [ / 4 marks ]

Q1

Q2

29. Which of the following statements best describes the random nature of radioactive decay?

 A. The decaying nucleus emits either an A-particle , or a B-particle  or a          photon.

 B. The type of radiation emitted by the decaying nucleus cannot be predicted.

 C. The time at which a particular nucleus will decay cannot be predicted.

 D. The decay of a nucleus is unaffected by environmental conditions.

G-ray

Q3

23.� $�IUHVKO\�SUHSDUHG�VDPSOH�FRQWDLQV�4 0. MJ�RI�LRGLQH�������$IWHU����GD\V��0 5. MJ�RI�LRGLQH�����UHPDLQ���
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