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¡  Light	sometimes	behaves	like	a	wave,	
sometimes	like	a	particle	

¡  Particles	also	sometimes	behave	like	waves	

¡  p	=	h/λ	

¡  E2	=	(pc)2	+	(mc2)2	

¡  Em=0	=	hc/λ	=	hν	
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¡  Any	wave	form	can	be	built	up	from	a	sum	of	
sinusoidal	waves	of	various	wavelengths	



¡  https://phet.colorado.edu/en/simulation/
fourier	
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For	which	type	of	wave	are	the	position	(x)	and	momentum	(p)	most	
	well-defined?	

A)  x	most	well-defined	for	plane	wave,	p	most	well-defined	for	wave	packet.	
B)  p	most	well-defined	for	plane	wave,	x	most	well-defined	for	wave	packet.	
C)  p	most	well-defined	for	plane	wave,	x	equally	well-defined	for	both.	
D)  x	most	well-defined	for	wave	packet,	p	equally	well-defined	for	both.	
E)  p	and	x	are	equally	well-defined	for	both.	
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Δx	~	Nλ	
Δλ	~	ελ/N	
	
Δx	Δλ	~ελ2	
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Ehhh…		not	that	one...		





¡ My	car	has	a	mass	of	~1000	kg.		If	I	know	its	
position	to	1	nm	(10-9	m)	accuracy,	what	is	my	
uncertainty	as	to	its	speed?		

A.  ~0.1	m/s	
B.  ~10-12	m/s	
C.  ~10-22	m/s	
D.  ~10-28	m/s	

ħ	~	10-34	
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