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Section 18.1  Natural Radioactivity





2.		Electrode				Radiation


	(a)	positive				beta particles


	(b)	negative				alpha particles





4.	A beta particle (b) is identical to an electron.





6.	Gamma rays (g) are not affected by an electric field.








Section 18.2  Nuclear Equations





8.		Particle	Approximate Mass		Relative Charge


	(a)	g	0	0		


	(b)	n°	1	0	


	(c)	b–	0	1–		


	(d)	b+	0	1+	


	(e)	a	4	2+		


	(f)	p+	1	1+	








10.	(a)	� EQ \o(160, 74) �W   Æ    � EQ \o(156, 72) �Hf  +   � EQ \o(4,2) �He





	(b)	� EQ \o( 32, 15) �P    Æ    � EQ \o(32,16) �S  +   � EQ \o( 0,-1) �e





	(c)	� EQ \o( 15, 8) �O    Æ    � EQ \o(15, 7) �N  +   � EQ \o(  0,+1) �e





	(d)	� EQ \o(55,26) �Fe   +  � EQ \o(  0,–1) �e Æ    � EQ \o(55,25) �Mn


12.	(a)	� EQ \o(222, 90) �X   Æ   � EQ \o(218, 88) �Ra  +   � EQ \o(4,2) �He		� EQ \o(222, 90) �X  =  � EQ \o(222, 90) �Th





	(b)	� EQ \o(56,25) �X   Æ   � EQ \o(56,26) �Fe  +   � EQ \o( 0,-1) �e		� EQ \o(56,25) �X  =  � EQ \o(56,25) �Mn





	(c)	� EQ \o(73,36) �X   Æ   � EQ \o(73,35) �Br  +   � EQ \o(  0,+1) �e		� EQ \o(73,36) �X  =  � EQ \o(73,36) �Kr





	(d)	� EQ \o(133, 56) �X  +  � EQ \o( 0,-1) �e Æ   � EQ \o(133, 55) �Cs		� EQ \o(133, 56) �X  =  � EQ \o(133, 56) �Ba








Section 18.3  Radioactive Decay Series





14.	� EQ \o(238, 92) �U   Æ   � EQ \o(234, 90) �Th  +   � EQ \o(4,2) �He				





	� EQ \o(234, 90) �Th   Æ    � EQ \o(234, 91) �Pa  +  � EQ \o( 0,-1) �e 				The resulting nuclide is:  � EQ \o(234, 91) �Pa.








16.	� EQ \o(235, 92) �U   Æ   � EQ \o(231, 90) �Th  +   � EQ \o(4,2) �He				





	� EQ \o(231, 90) �Th   Æ    � EQ \o(231, 91) �Pa  +  � EQ \o( 0,-1) �e 				The resulting nuclide is:  � EQ \o(231, 91) �Pa.








18.	Decay Series for Neptunium–237	Answers


	� EQ \O(237, 93)  �Np   � EMBED "Equation" "Word Object2" \* mergeformat  ���    � EQ \O(233, 91)  �Pa   � EMBED "Equation" "Word Object3" \* mergeformat  ���    � EQ \O(233, 92)  �U	(a)	� EQ \O(233, 91 ) �Pa 	(b)	� EQ \O(233, 92 ) �U


			Øa	(c)	� EQ \O(229, 90 ) �Th	(d)	� EQ \O(225, 88 ) �Ra 


	� EQ \O(225, 89)  �Ac   � EMBED "Equation" "Word Object5" \* mergeformat  ���    � EQ \O(225, 88)  �Ra   � EMBED "Equation" "Word Object6" \* mergeformat  ���   � EQ \O(229, 90)  �Th	(e)	� EQ \O(225, 89 ) �Ac  	(f)	� EQ \O(221, 87)  �Fr


	aØ			(g)	� EQ \O(217, 85 ) �At	(h)	� EQ \O(213, 83) �Bi


	� EQ \O(221, 87)  �Fr    � EMBED "Equation" "Word Object2" \* mergeformat  ���    � EQ \O(217, 85 ) �At    � EMBED "Equation" "Word Object3" \* mergeformat  ���    � EQ \O(213, 83) �Bi	(i)	� EQ \O(213, 84)  �Po	(j)	� EQ \O(209, 82)  �Pb


							Øb  


	� EQ \O(209, 83)  �Bi   � EMBED "Equation" "Word Object6" \* mergeformat  ���     � EQ \O(209, 82)  �Pb    � EMBED "Equation" "Word Object6" \* mergeformat  ���   � EQ \O(213, 84)  �Po








20.	� EQ \o(232, 90) �Th   Æ   � EQ \o(228, 88) �Ra  +   � EQ \o(4,2) �He			





	� EQ \o(228, 88) �Ra   Æ    � EQ \o(228, 89) �Ac  +  � EQ \o( 0,-1) �e 				The resulting nuclide is:  � EQ \o(228, 89) �Ac.





								


Section 18.4  Radioactive Half–Life





22.	100%  ¥  � EQ \f(1,2)�  ¥  � EQ \f(1,2)�  ¥  � EQ \f(1,2)�   =  12.5%





	12.5% of a given radioactive nuclei remains after three half-lives.





24.	Sr–90:		20 t1/2   ¥   � EQ \f(28.8 years,1 t1/2)�    =   576 years





26.	Activity of C–14				Elapsed Time


	240 dpm					0 t1/2


	120 dpm					1 t1/2


	60 dpm					2 t1/2





		2 t1/2   ¥   � EQ \f(5730 years,1 t1/2)�   ≈  11,500 years old





28.	24 hours   ¥   � EQ \f(1 t1/2,6 hours)�   =  4 t1/2 


	


		160 mg Tc–99  ¥   � EQ \f(1,2)�   ¥   � EQ \f(1,2)�   ¥   � EQ \f(1,2)�   ¥   � EQ \f(1,2)�   =  10 mg Tc–99





30.	Activity of Fe–59				Elapsed Time


	200 dpm					0 t1/2


	100 dpm					1 t1/2


	50 dpm					2 t1/2


	25 dpm					3 t1/2





		3 t1/2   ¥    � EQ \f(45 days,1 t1/2)�   =  135 days





32.	Sample of H–3				Elapsed Time


	2400 µg					0 t1/2


	1200 µg					1 t1/2


	600 µg						2 t1/2


	


		half-life   ¥    2 t1/2    =   24.8 years





		half-life   =   � EQ \f(24.8 years,2 t1/2)�    =    12.4 years/half-life











Section 18.5  Radionuclide Applications





34.	When using radiocarbon dating, it must be assumed that the amount of carbon–14 in atmospheric CO2 has remained constant over the given period of time.





36.	The g–emitting radionuclide cobalt–60 can be used for radiation therapy. It is also used to sterilize male insects for agricultural pest control.





38.	The g–emitting radionuclide xenon–133 can be used to diagnose the respiratory system and locate inactive lung tissue.





40.	The b–emitting radionuclide iron–59 can be used to diagnose anemia by attaching to a hemoglobin molecule.





42.	The g–emitting radionuclide iridium–192 can be inserted directly into breast tissue for the treatment of tumors.








Section 18.6  Artificial Radioactivity





44.	� EQ \o(81,35) �Br  +  � EQ \o(0,0) �g   Æ    � EQ \o(80,35) �Br +  � EQ \o(1,0) �n 			The radionuclide is:  � EQ \o(80,35) �Br.





46.	� EQ \o(238, 92) �U  +  � EQ \o(2,1) �H   Æ   � EQ \o(238, 94) �Pu  + 2  � EQ \o(1,0) �n + � EQ \o( 0,-1) �e		The radionuclide is:  � EQ \o(238, 94) �Pu.





48.	� EQ \o(130, 52) �Te  +  � EQ \o(2,1) �H   Æ   � EQ \o(131, 53) �I  +   � EQ \o(1,0) �n			The target nuclide is:  � EQ \o(130, 52) �Te.





50.	� EQ \o(26,12) �Mg  +  � EQ \o(2,1) �H   Æ   � EQ \o(27,12) �Mg  +   � EQ \o(1,1) �H          		The projectile particle is:  � EQ \o(2,1) �H.





52.	� EQ \o(249, 98) �Cf  +  � EQ \o(15, 7) �N  Æ   � EQ \o(260,105) �Db +  4  � EQ \o(1,0) �n 		The Americans created:  � EQ \o(260,105) �Db.





54.	� EQ \o(54,24) �Cr  +  � EQ \o(209, 83) �Bi   Æ   � EQ \o(262,107) �Bh +   � EQ \o(1,0) �n			The Germans created:  � EQ \o(262,107) �Bh.








Section 18.7  Nuclear Fission





56.	� EQ \o(1,0) �n   � EMBED "Equation" "Word Object8" \* mergeformat���   3  � EQ \o(1,0) �n   � EMBED "Equation" "Word Object8" \* mergeformat ���    9  � EQ \o(1,0) �n   � EMBED "Equation" "Word Object8" \* mergeformat ���    27  � EQ \o(1,0) �n


	From the third step, 27 neutrons are produced.





58.	Uranium must be enriched before it can be used in the fuel rods of a nuclear reactor because naturally occurring uranium contains only 0.7% fissionable U–235 and 99.3% nonfissionable U–238.


60.	� EQ \o(235, 92) �U +  � EQ \o(1,0) �n  Æ   � EQ \o(142, 56) �Ba  +  � EQ \o(91,36) �Kr  +  3 � EQ \o(1,0) �n		The number of neutrons is 3.





62.	� EQ \o(239, 94) �Pu +  � EQ \o(1,0) �n   Æ   � EQ \o(142, 57) �La  +  � EQ \o(94,37) �Rb  +  4 � EQ \o(1,0) �n	The number of neutrons is 4.





64.	� EQ \o(233, 92) �U +  � EQ \o(1,0) �n   Æ   � EQ \o(142, 54) �Xe  +  � EQ \o(90,38) �Sr  +  2 � EQ \o(1,0) �n		The fissionable nuclide is: � EQ \o(233, 92) �U.








Section 18.8  Nuclear Fusion





66.	� EQ \o(3,2) �He  +  � EQ \o(3,2) �He   Æ   2  � EQ \o(1,1) �H  +  � EQ \o(4,2) �X			The unknown particle is:  � EQ \o(4,2) �He.





68.	� EQ \o(7,3) �Li  +   � EQ \o(2,1) �X   Æ   2  � EQ \o(4,2) �He  +  � EQ \o(1,0) �n			The unknown particle is:  � EQ \o(2,1) �H.





70.	� EQ \o(2,1) �X  +   � EQ \o(2,1) �X  Æ   � EQ \o(4,2) �He  +  � EQ \o(0,0) �g				The unknown nuclide is:  � EQ \o(2,1) �H.








General Exercises





72.	� EQ \o(241, 94) �Pu   Æ   � EQ \o(237, 92) �U  +  � EQ \o(4,2) �He			





 	� EQ \o(237, 92) �U   Æ   � EQ \o(237, 93) �Np  +  � EQ \o( 0,-1) �e				The granddaughter is:  � EQ \o(237, 93) �Np.





74.	� EQ \o(55,26) �Fe  +  � EQ \o( 0,-1) �e   Æ   � EQ \o(55,25) �Mn  +  � EQ \o(0,0) �g 			The radionuclide is:  � EQ \o(55,26) �Fe.





76.	Since Pb–206 and U–238 are present in equal proportions, one half-life has expired. Thus, the approximate age of the lunar rocks is ~ 4.5 billion years because 1 t1/2  =  4.5 billion years.





78.	� EQ \o(  0,+1) �e  +  � EQ \o( 0,-1) �e   Æ   2  � EQ \o(0,0) �g 





80.	� EQ \o(238, 92) �U  +  17 � EQ \o(1,0) �n   Æ   � EQ \o(255,100) �Fm  +  8 � EQ \o( 0,-1) �e		The number of neutrons is 17.





82.	� EQ \o(198, 78) �Pt  +  � EQ \o(2,1) �H   Æ   � EQ \o(199, 78) �Pt  +  � EQ \o(1,1) �H





	� EQ \o(199, 78) �Pt   Æ   � EQ \o(199, 79) �Au  +  � EQ \o( 0,-1) �e				The resulting nuclide is:  � EQ \o(199, 79) �Au.





84.	� EQ \o(2,1) �H  +  � EQ \o(3,1) �H   Æ   � EQ \o(4,2) �He  +  � EQ \o(1,0) �n  +  energy		The emitted particle is:  � EQ \o(1,0) �n.
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