Quantum Physics
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CLASSICAL PHYSICS

« Cinssical physics is the physics of the malion, energles,
and intaractions of abjects in the everyday workl
around us.
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double-siit experinent. but nobody really knaws what the
elactrons ara doing batwesn the source and the detectar.
To complets the picture, physicisis have proposed
vatfous intespratations, En_ca_:n.

i) thinking of electrons as spread-out waves \hat collapse
to point-lika particies once they are measured
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© Quantum physics I revealed in the physics of isolaled invislble wave {Pllot Wave Inlerpretation),
procasses, typically with very small subatomic objeuls. i) thinking of paralief universes that come into being when
o In the eleciron douhle-afit experiment, aach elsciron hits we mahke at the quanium lavel
the datection screen ag a particls. {Many Worlds Interpretation)
» After many electrona hit, an interference pattem forms, iv) thinking mxﬂg abniil tha diract results of
demonstraling wave behaviour, g

n spite of these differing views, quantum physlcs plays &
crucial role m a number of averyday technelegles meluding
computars, ramote cantm! devices, lasers, and csii phones.
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Student Activites

Worksheet 01:
Video Summary

Useful
equations: A=hjp E=hf
(a) The di b hb i
maxima = 120 ym. Why i s this dislance so much
smalier than the vistance between maxima for
Behind the barrier is a wall. Draw a distribution that water waves?
shows where the baseballs hit the wall. (] %73 u.nuon\_.w of the imagae illustrate e particl naturs
elactrons?
02, A water wava passes a two-slit barrier, as shown below, {c) What aspectz of the image illustrate the wave nature
generating an interferencs pattem. of efectrons?
- - {d) How can an slectron he a particle and a wave at the

01.Baseballs are fired at a banier with two narow slits,

same lime? Spsnd a few minutes formulating your
explanation for what Is golng on and then discuss it
wilh your neighbour.

. The double-slit experiment is performed using fight with a
wavelength of 580 nm. The light'a intensity Is sc low that
only one phaton passes through the slits each second.
This meens no two photons ever interact with aach other
in tha experiment.

{a) What is the energy of each photon emilted?

{a) Imagine a rubber duck is flaating at each maxima (b) What aspacte of this axparimant demonstrate the
and minima along the reference line shown. Using the parucia nature of ight?
diagram below, draw a vertica! iine for each duck that {c) What aspects of this experimant desmonstrata the
will shavs how its vertical pesition changes over time. wava nature ot ight?

05. O:o ot the _h-nona abjects that physicists have used to
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OKI.uﬂ!ZbL. It has a mass of 1.7 x 10 kg. In the
experiment, the Eo_on_.n —.nn ade w.ao:o wavelength of
2.8x 10" m. G

(b) The relativa height each rubber duck moves I related
te the amaunt of eneryy passing at that point. A longer 08, What happens to the interference pattem created in the

vertical ine represents more energy than a shorter line. electron double-sfit experiment when detectars are used

Describe where tha energy is graatest. How doas the to which slit an el is ing through?

energy distribution between maxima manic the energy How do the researchers explain this result?

distribution in a double-alit inlerferance pattern

for light? 07. You are discussing the electron double-siit experiment

with a friend. She says: “Physicists understand the
03. The u_an.ong_.. below shows an interference pattern experiment completely. Each elactron leaves the source

double-siit experit as a classical particle and hits the acreen as a classical

particle. All researchers agree that an efectronis a
classical particle in the experimant.” White a three to four
line reptly to your friend that explains why she

is mistaken.
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Worksheet 02:

Concept Questions
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01. Tennis balls are sent taward two slits. The distributions
of the marks they make on a wall on the other side of the
barrier when one siit is open are shown below.
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Which distribution would you expect to see if both slits

are open at the same tima?
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02. Which statement comrectly describes how waves behave
when they occupy the same focation at the same time?
(a) A crest overlapping wiih a craest will
ively top aminima,
(b) A crest overtapping with a trough will
jy interfere to producs a minma.
{€) A trough overlapping tﬁ a trough wilt
tvely intert produce a max
() A trough overiapping with a trough will
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03. A water wave passes through two slits, Which pattern
best matches the amplitude of the resulting wave?

04, Classicat particles are different from classical waves
becausa classical particles
{2} ara spread out and genarale an interference
pattemn in the double-slit expariment.

() are k and g an
patlern In the double- siit experiment.
{c) are and a stion that is

tha sum of each qua_o.u_a distribution.
{d} are spread out and generata a distributon that
is tha sum of aach single-siit distribution.

05. The video shows the interference of light of a single
colour. What would you expect if white light were used?

() banda of white light and darkness

(b} bands of different colours of light and darkness

(c) a whute central maxima and alternating bands of
different colours ot light and darkness on either side

{d} no Interfarence pattem

06. To batter understand the double-giit experiment, it was
important to send electrons through one at a
time because

{a) tha detector neaded tima to reset in
orde to delect ha next eleclron.

{b) tha siits wore toe namow to allow two
elections to pass at the sams lime.

{c) Whis preventad the eloctrons from
interacting with each other.

(d} ume I8 neaded to generate more eloctrons.

07. In the double-allt experiment, electrons

(a) behave fike waves and behave like particies.

(b) spiit in half and go through both slits sunultaneously.
{c) behave like particles. but are waves.

(d) are both waves and particles at the same time.

Worksheet 02:
Continued

08. You get sunburn from ultravialet fight but not from visible 13, There are competing ideas about what is actually
light. This is because UV photons have a greater happening between the source and the detector in the
double-slit experiment. In which of the interpretations

{a) mass.
) frequancy. does a single electron go through one and only one siit?
{c) spead. (a) Pilot Wave and Coltapse
{d) vavelength, ®) v._c_.a Wava and Marny Workis
{c) Collanse and Manv Warlds.
09. Why have interference efiects with tennis balis not {c} Pllot Wave, Collapse. and Many Worlds
been obiserved?
o & = 14.Anel can produce clearer images of
(@) .‘__qunwvm.ﬂcn_ e Enmﬂ_o:n_ 5_3.5:0:. B, Is only significantly amaller objects than a light microscope can
{b) The experiment has not bean dana yet becausa the electrons have a
(c) The de Broglle wavelength for a tenmis ball will be {a} larger frequency.
much smaller than for an atam. {b) smaller size,
(d) The de Brogiie wavelength for a tannis balt will ba {c) stower speed.

(d} shorler wavelongth,

targer than for an atom.

10. All quantum objects exhibit wave-particle duality. In the
double-sit experiment this is shown by the fact that
individual abjects hit the screen

(a) at apecific locations and bulld up an interference
pattern after a large number have hit.

{b) m a spread-out way and build up an interferanca
pattern alter a lasge number have hit,

(c) st specific locations and bulld up a particle distribution
alter a large number have hit.

(d) in a spread-out wav and bulld up a particle distributan
after a large number have hit.

11. If we do measurements to detenmine which siit an
electron went through, we find that

(a) haif of the electron goes through each sliit.

{b) the whoie alectron goes through both siits.

{c) the whale electron goea through ona or the other ait.
s to datect an el

12. With electrons in the double-siit experiment,
physicists know

(&) whern an alectron wil hit the screen. 15. Which quantum application has had the greatest effect

{b) which sit the electson went through, without the aid of O YOUr fe?

& deteclor. (e) solar panels
(c) that the etectron went through both slits. {b) tranaistors.
{d} that all of the intarpretations give the same predictions {c) lasers

for the overall results {d) other



