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¡  First	homework	assigned	–	due	next	Friday	
§  Go	to	“Assignments”	tab	on	main	web	page	

¡  Remember	we	will	start	using	Turning	Point	
this	coming	Monday	



¡  While	it	is	never	safe	to	affirm	that	the	
future	of	Physical	Science	has	no	
marvels	in	store	even	more	astonishing	
than	those	of	the	past,	it	seems	
probable	that	most	of	the	grand	
underlying	principles	have	been	firmly	
established	and	that	further	advances	
are	to	be	sought	chiefly	in	the	rigorous	
application	of	these	principles	to	all	the	
phenomena	which	come	under	our	
notice.		
§  Albert	Michelson	-	1907	



Late	1800’s		



¡  Equipartition	theorem	says	each	degree	of	
freedom	for	a	particle	has	an	average	of	1/2kT	
of	energy	
§  I.e.	<E>	=	<1/2mvx2	+	1/2mvy2	+	1/2Iωx

2	+	1/2Iωy
2>	=	

4*1/2	kT	=	2kT	would	be	the	average	energy	for	a	
particle	free	to	move	or	rotate	in	2-d	

¡  Implication	for	heat	capacity		
§  C	=	ΔE/nΔT	=	constant	(does	not	match	data!)	



¡  Blackbody	Radiation	



¡  Blackbody	Radiation	

Rayleigh-Jeans	Law:	1900	
Wien’s	Law:	1896		



Equipartition	says	each	mode	of	
oscillation	(standing	wave)	has	1/2kT	
of	energy	on	average	
	
But…		there	are	a	huge	number	of		
standing	waves	at	high	frequency		
(small	wavelength)	
	
=>	“The	ultraviolet	catastrophe”	



Classical	Prediction:	Electrons	should	only	be	ejected	if	light	is	above	some		
threshold	intensity,	and	the	energy	of	electrons	ejected	should	depend	on	
the	intensity	of	light.		
	
	
	
	
	
	
	
	
	
Experimental	Result:	Electrons	only	ejected	for	light	above	some	threshold	
frequency.	The	energy	of	electrons	ejected	depends	on	frequency	of	light,	
and	is	independent	of	the	intensity	of	the	light.		

Lenard,	1902	





Cosmic	rays	strike	the	top	of		
the	atmosphere	and	produce	
a	shower	of	secondary	particles	
	
Many	muons	reach	sea	level	
	
But,	according	to	laboratory		
experiments,	muons	have	a		
lifetime	of	~2.2	μs,	only	enough		
time	to	travel	<1	km	even	at		
their	maximum	speed	



¡  Everyone	should	agree	on	how	long	
something	takes	(shouldn’t	they?)!	



¡ Michelson-Morley	Experiment	(1887)	















¡  No	time-difference	detectable	
§  Possible	Implications:	
▪  Earth	not	moving	
▪  Inconsistent	with	known	orbit	around	Sun!	

▪  No	such	thing	as	ether		
▪  But	then	what	is	the	medium	that	is	“waving”?		

▪  Galilean	transformation	is	incorrect		
▪  But	this	must	imply	that	time	and/or	space	are	not	invariant…	

✔	

✔	



¡  Imagine	accelerating	a	charged	particle	through	a	
500	V	electrostatic	potential	(you’ll	do	this	in	lab	
next	week):	
§  1/2mv2	=	qV	(non-relativistic	expression)	
▪  Proton	velocity	=	4.38	x	105	m/s	~	c/969	
▪  Electron	velocity	=	1.33	x	107	m/s	~	c/23	

=	299,792,458	m/s	~	3	x	108	m/s	



¡  “Inertial	reference	frame”	=	A	frame	in	which	
Newton’s	laws	hold	
§  An	object	at	rest	stays	at	rest	and	an	object	in	
motion	stays	in	motion	with	a	constant	velocity	
unless	acted	on	by	an	unbalanced	force	



•  Any	inertial	reference	frame	moving	at	constant	velocity	with		
					respect	to	another	is	also	an	inertial	reference	frame	
	



•  Special	relativity	only	applies	to	inertial	reference	frames	
•  General	relativity	is	needed	for	non-inertial	reference	frames	


