
Atoms,	nuclear	forces,	
radioac2ve	decay	



The	basic	plan…	

•  Atomic	Structure	
•  Radioac2ve	Decay	
•  Fusion	in	Stars	
•  Forma2on	of	Elements	



Protons
+ neutrons

Nucleus:

Electron orbital “shells”



Atoms	

•  Nucleus	very	small	compare	to	the	size	of	an	
atom;	

•  An	1H	atom	diameter	=	4	x	10-10	meters	
•  For	1H,	nucleus	diameter	is	~1.6	x	10-15	m	
•  Nucleus	contains	most	of	the	mass,	posi2ve	
charge	

•  Electrons	have	nega2ve	charge,	liNle	mass	
•  Electrons	and	par2cles	governed	by	quantum	
mechanics,	not	Newtonian	mechanics.	



Atoms	

•  Neutrons	–	similar	mass	as	protons	
•  The	number	of	protons	in	the	nucleus	
determines	the	charge	à	electron	orbitals	à	
element	with	specific	chemical	behavior	

•  Chemical	reac2ons	are	simply	those	in	which	
electrons	on	one	atom	interact	with	those	on	
other	atoms.	

•  #	protons	in	H?		He?		Li?	C?	Fe?		U?	



Atoms	

•  The	number	of	protons	PLUS	number	of	neutrons	
determines	atomic	mass.	

•  1H	has	1	proton,	0	neutrons 	 	 	 	(hydrogen)	
•  2H	has	1	proton,	1	neutron 	 	 	 	(deuterium)	
•  3H	has	1	proton,	2	neutrons 	 	 	 	(tri2um)	
•  4He	has	2	protons,	2	neutrons 	 	 	(helium)	
•  12C	has	6	protons,	6	neutrons	 	 	 	(carbon)	
•  13C	has	6	protons	and	…	
•  14C	is	radioac2ve	and	has	6	protons	and	…	



Nuclear	Forces	

•  Electrosta2c	aNrac2on	and	repulsion	is	very	
strong	

•  You	have	to	accelerate	two	protons	up	to	the	
equivalent	of	~10,000,000	K	temperature	to	
get	them	to	fuse	into	helium.	

•  …and	yet		helium	is	a	very	stable	nucleus.	
•  What	keep	protons	together	in	large	atoms?	
•  Nuclear	Strong	Force	



Nuclear	Forces	

•  Nuclear	strong	force	overcomes	the	repulsion	
between	nuclei,	and	allows	them	to	s2ck	
together.	

•  Why	don’t	atoms	collapse	together?	
•  NSF	is	VERY	SHORT	RANGE	–	it	only	affects	
things	within	a	few	proton	diameters,	so	we	
don’t	feel	it	outside	the	nucleus.	

•  Electrosta2c	repulsion	is	long	range	(1/r2)	



Nuclear	Forces	

•  At	large	distances,	only	Coulomb	(electrosta2c	
forces)	felt	(protons	repel)	

•  At	short	distances	in	and	very	near	the	
nucleus,	the	NSF	is	very	important	“glue”.	

•  Protons	and	Neutrons	are	both	“nucleons”,	
par2cles	that	occupy	the	nucleus	and	give	it	
mass.	







“Beta”	decay	

•  In	the	3H	nucleus,	one	of	the	neutrons	“decays”:	
•  N	à	p+		+		e-		+		ν
•  The	proton	(p+)	stays	in	the	nucleus,	the	electron	(e-)	is	
ejected	from	the	nucleus,	along	with	a	nearly	mass-less	
neutral	par2cle	called	a	neutrino	(ν)	

•  (When	radioac2vity	was	first	discovered,	three	“things”	
were	observed	coming	from	decaying	nuclei:	“beta”	
par2cles,	“alpha”	par2cles,	and	“gamma”	rays”.		“Beta”	
par2cles	later	turned	out	to	be	simply	electrons)	

•  Essen2ally,	a	neutron	becomes	a	proton,	and	we	have	
made	a	nucleus	with	2	protons	now,	helium…		



•  The	old	3H	nucleus	has	1	proton,	2	neutrons	
•  The	new	nucleus	has	2	protons	and	1	neutron	
•  This	makes	the	new	one	3He	
•  The	number	of	protons	goes	up,	the	number	
of	neutrons	goes	down:	



Four	Forces:	

•  Gravity 	 	 	 	 	 	Astronomical	Scale	
•  Electromagne2c 	 	 	Holding	atoms	together	
•  Nuclear	Strong	Force 	Holds	nuclei	together	
•  Nuclear	Weak	Force 	 	n	ßà	p+,	e-	
	 	 	 	 	 	 	 	 	radioac2ve	decay	



Weak	Force…	

•  Why	not	just	keep	adding	neutrons	to	nuclei?	
•  They	have	strong-force	binding,	but	no	Coulomb	
(electrosta2c)	repulsion,	should	get	a	lot	of	
energy	

•  Weak	force	plays	a	role	in	allowing	neutrons	to	
beta	decay	and	become	protons;	weak	force	
tends	toward	equal	number	of	neutrons	and	
protons,	but	with	so	much	Coulomb	repulsion	in	
large	nuclei,	more	neutrons	than	protons	are	
needed.	



Larger	nuclei	need	more	neutron	“glue”	







Beta	decay,	Electron	capture,	Alpha	decay	



Half	Life	

•  37Ar	à	37Cl,		half-life	=	35	days	
•  Decay	rate	is	independent	of	chemical	and	
other	condi2ons	outside	the	nucleus.	



•  Using	power	of	2:	



Graphically:	










