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1) Which	of	the	following	statements	on	computer	history	is	true:	

A) A	 computer	 is	 best	 thought	 of	 as	 a	 series	 of	 levers	 or	 switches:	 it	 does	 not	 understand	 the	
computa<on	it	does.	

B) Punch	cards	originally	were	used	to	store	data,	such	as	for	the	census,	then	later	both	data	and	the	
computer	program.	

C) Early	computers	used	electric	relay	switches,	subsequently	replaced	by	vacuum	tubes,	transistors,	
and	 integrated	 circuits	 with	 hundreds	 of	 transistors	 in	 the	 late	 1960’s	 to	 billions	 of	 transistors	
today.	

D)Women	 lead	many	 of	 the	 early	 advances	 in	 computer	 history,	 such	 as	 programming	 the	 Apollo	
Guidance	Computer	and	developing	the	first	common	programming	language	(COBOL).	

E) All	of	the	above	

2) How	is	the	length	of	a	par<cle	ripple	related	to	color?	

A) The	 length	of	the	ripple	 is	determined	by	the	color	range.	The	wider	the	color	range	the	shorter	
the	ripple,	regardless	of	the	primary	color	of	the	par<cle	wave.		

B) The	length	of	the	ripple	is	determined	by	the	color	range.	The	wider	the	color	range	the	longer	the	
ripple,	regardless	of	the	primary	color	of	the	par<cle	wave.	

C) The	length	of	the	ripple	is	related	to	both	the	color	and	the	bandwidth.	The	bluer	the	color	and	the	
wider	the	bandwidth	the	shorter	the	ripple.	

D) The	length	of	the	ripple	 is	related	to	the	wavelength	of	the	wave.	The	bluer	the	color	the	 longer	
the	ripple.	

E) The	length	of	the	ripple	is	related	to	the	wavelength	of	the	wave.	The	redder	the	color	the	longer	
the	ripple.	

3) Last	week	Verizon,	AT&T,	and	T-mobile	combined	to	pay	81	billion	dollars	for	addi<onal	15	year	radio	
licenses.	That	is	a	lot	of	money,	what	were	they	buying?	

A) Radio	 colors.	 Since	 data	 speed	 is	 determined	 by	 the	 range	 of	 color	 (more	 color	 equals	 faster	
speed),	they	were	purchasing	exclusive	licenses	to	use	to	a	range	of	radio	colors.	

B) Higher	 frequency	 radio	 licenses.	 Since	 data	 speed	 is	 determined	 by	 the	 radio	 color	 (bluer	 color	
equals	faster	speed),	they	were	purchasing	exclusive	licenses	to	use	higher	frequency	radio	colors.	

C) Right	to	share	radio	color.	Since	data	speed	is	determined	by	the	range	of	color	(more	color	equals	
faster	speed),	they	were	purchasing	licenses	to	share	the	color	with	exis<ng	TV	sta<ons.	

D) Lower	 frequency	 radio	 licenses.	 Since	data	 speed	 is	determined	by	 the	 radio	 color	 (redder	 color	
equals	faster	speed),	they	were	purchasing	exclusive	licenses	to	use	lower	frequency	radio	colors.	

4) The	Event	Horizon	Telescope	has	 seen	 the	 shadow	of	 a	black	hole	 in	another	galaxy.	 To	obtain	 this	
incredible	resolu<on	it	combines	many	radio	telescopes	at	different	loca<ons	on	the	planet	sca_ered	
over	a	diameter	of	more	 than	10,000	km.	When	a	 single	photon	of	 light	enters	 the	 telescope,	how	
wide	is	it?	
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A) About	 the	 same	width	as	 the	wavelength	of	 the	photon.	At	 the	1	mm	wavelengths	used	by	 the	
Event	Horizon	Telescope	this	means	each	photon	is	about	1	mm	wide.		

B) About	 the	 same	 width	 as	 the	 bandwidth	 (color	 range)	 of	 the	 photon.	 For	 the	 Event	 Horizon	
Telescope	this	means	each	photon	is	about	1	cm	wide.	

C) The	photon	par<cle	waves	fill	the	aperture	of	each	dish.	There	are	a	range	of	dish	sizes	in	the	Event	
Horizon	Telescope,	but	the	largest	is	25	m	in	diameter.	

D) Each	photon	par<cle	wave	travels	as	a	~circular	ripple,	so	there	is	no	limit	to	width	of	the	photon.	
Each	photon	is	much	wider	than	the	10,000	km	of	the	Event	Horizon	Telescope.	

5) At	special	par<cle	accelerators	physicists	will	smash	together	gold	nuclei	traveling	at	nearly	the	speed	
of	 light	 to	 recreate	 the	 temperatures	 and	 pressures	 right	 aber	 the	 Big	 Bang.	 The	 temperature	 and	
pressure	is	so	high	that	protons	and	neutrons	cannot	exist,	and	instead	the	collision	produces	a	dense	
quark-gluon	plasma	that	radiates	pions.	Since	we	cannot	make	lenses	and	mirrors	for	pions,	how	are	
movies	of	the	quark-gluon	plasma	are	made?	

A) The	pions	decay	into	gamma-rays	which	are	then	focused	using	the	mirrors	of	an	interferometer	to	
make	images	and	movies.	

B) Pions	move	 like	waves,	 so	detectors	very	close	 together	will	both	see	 the	same	wave	peaks	and	
detect	 pions	 arriving	 together	 in	 <me.	 By	 determine	 the	 distance	 along	 the	 ‘beach’	 where	 the	
pions	stop	arriving	together	we	can	make	pion	images	and	movies	of	the	quark-gluon	plasma.	

C) Pions	move	 like	 li_le	paintballs.	 The	direc<on	of	 each	pion	 can	be	 carefully	measured	 to	 create	
images	and	movies	of	the	quark-gluon	plasma.	

D) The	pions	act	like	gravel	dropped	in	a	pond,	crea<ng	waves	that	can	be	measured	at	the	‘beach’	of	
the	par<cle	detector	to	make	images	and	movies	of	the	quark-gluon	plasma.	

6) The	 following	 plots	 show	 a	 selec<on	 of	 electron	 waves	 found	 in	 the	 hydrogen	 atom,	 arbitrarily	
labelled	I,	J,	K,	L.	Which	of	the	following	statements	best	describes	the	energies	of	the	electron	waves?	

Physics 110, Winter 2020  Exam Version A Midterm #2, page 3

10-1 100 101 102 10-1 100 101 102

10-1 100 101 10210-1 100 101 102

I) J)

K) L)



Name ___________________________________  Student ID Number ____________ 
              last                                    first 

A) From	highest	 to	 lowest	 energy	 the	waves	 are	ordered	K,	 L,	 J,	 I.	 The	 shape	of	 the	 I,	 J,	 and	 L	 are	
similar,	with	the	highest	frequency	wave	having	the	highest	energy.	While	K	and	L	both	have	three	
peaks,	L	is	closer	to	the	nucleus	and	so	has	lower	energy.		

B) From	highest	to	lowest	energy	the	waves	are	ordered	L,	K,	J,	I;	because	the	energy	is	determined	
by	the	distance	of	the	highest	peak	from	the	nucleus.	

C) From	highest	 to	 lowest	 energy	 the	waves	 are	 ordered	 I,	 J,	 K,	 L.	 The	 shape	of	 the	 I,	 J,	 and	 L	 are	
similar,	with	 the	 shortest	wave	 length	having	 the	 lowest	 energy.	While	K	 and	 L	 both	have	 three	
peaks,	L	is	closer	to	the	nucleus	and	so	has	lower	energy.	

D)Because	 electrons	 are	 par<cles,	 the	 energy	 depends	 on	which	 peak	 of	 the	wave	 the	 electron	 is	
found	 it	 (lowest	 energy	 to	 the	 leb).	 This	 means	 the	 energy	 of	 the	 electron	 cannot	 be	 easily	
determined	from	these	figures—you	need	to	know	which	peak	it	is	in.	

7) What	best	describes	how	a	quantum	dot	works?	

A) A	quantum	dot	 is	a	semi-conduc<ng	bead	that	traps	an	electron	wave.	Since	the	size	of	the	trap	
determines	 the	 ‘notes’	of	 the	electron	wave	 transi<ons,	 small	beads	emit	blue	 light	while	 larger	
beads	emit	progressively	redder	colors.	

B) A	quantum	dot	is	formed	by	placing	iron	atoms	into	a	ring	to	trap	an	electron	wave.	Since	the	size	
of	 the	 trap	determines	 the	 ‘notes’	of	 the	electron	wave	 transi<ons,	 small	 corrals	emit	blue	 light	
while	larger	rings	emit	progressively	redder	colors.		

C) A	quantum	dot	is	a	small	glass	bead	that	resonates	when	lit	by	a	blacklight.	The	apparent	color	of	
the	beads	depends	on	their	size,	with	smaller	beads	vibra<ng	at	a	high	‘blue’	note	and	larger	beads	
vibra<ng	a	lower	‘red’	note.	

D)Quantum	 dots	 are	 the	 quantum	 equivalents	 of	 transistors,	 and	 are	 used	 to	 make	 quantum	
computers.		
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Essay	Ques7on:	Star<ng	with	analogy	of	waves	on	a	guitar	string,	explain	the	discrete	spectra	 (colors)	
emi_ed	by	atoms.	Be	as	clear	and	specific	as	you	can.	You	will	be	graded	on	both	the	accuracy	and	clarity	
of	your	answer.	

(You	 can	 type	 your	 answer	 in	 here,	 or	 you	 can	 email	 me	 miguelfm@uw.edu	 a	 photograph	 of	 your	
handwri_en	essay	and/or	accompanying	diagrams.	If	you	are	emailing	me	for	all	or	part	of	your	answer,	
please	indicate	that	in	the	answer	box	below,	and	please	put	your	name	in	the	email	and	send	from	your	
uw.edu	email	account.)
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