Phys 100 2023

lechwe 40

EF__IL: Roview Fad Bxom
Fosl Exam Duake: chs)]lex. 3 at lOdam
£ (aMpeLm.h’ua,

Messwements m 4 hantmm PW’MC&

I classical psz:‘cs M o Mewswe oy qumHhé wie
¥ pﬂfeo‘r precision

w  withgut aﬂeoﬁn@ o 1y sem
Tor example, we wanld measwe ¥ spad of vowny bal

True speed 12mls

True speed  Rmis
i -@--p

I @w;zd s is ndd  possible wn quanhum Phﬂﬂ‘cs, We  cm explare
His m 0N oxerse }nuolu{/lg Pho}'an Mecswernenls



Phys 100
Fall 2023

SOLUTION

Concepts of Physics: Group Exercise 6
6 December 2023

Names:

1 Measurements in quantum physics

In gquantum physies choosing to per-
form a measurement or not can appear

to affect the system. This exercise ex-
plores this situation for photons pass-

ing through an interferometer, which I
is a device that manipulates light via ! :
mirrors and beamsplitters (partially 'lk A
reflective mirrors). One example is il- : :

lustrated in Figure 1. This consists : lower arm
of two mirrors (M1 and M2), which le """"""" p——— : WA

reflect light along the indicated di-
rections, two beamsplitters (BS1 and
BS2) and two detectors (D1 and D2).

The rules are as follows:

Figure 1: Mach-Zehnder interferometer.

e any photon travels in a straight line until it hits a mirror, beamsplitter or a detector,

e a photon that hits a mirror is reflected at a 90° angle,

a photon that hits a detector will be detected with certainty and the detector will then
signal that it received one photon (the other detector signals that it receives no photons),

a photon that hits a beamsplitter will either be reflected (at a 90° angle) or else trans-
mitted (passing straight through). Each occurs with a 50% probability.

A source sends light, one photon at a time, horizontally from the left toward BS1.

a) Suppose that a photon travels from the left toward BS1. In which arm could it emerge?
What are the probabilities that it passes along the upper arm?

b) Suppose that a photon travels along the upper arm toward BS2. At which detector
could it arrive? What is the probability that it arrives in D1? And D2?

¢) Suppose that a photon travels along the lower arm toward BS2. At which detector could
it arrive? What is the probability that it arrives in D1? And D27



d) Suppose that 4000 photons travel toward BS1. Roughly how many do you expect to
emerge in the lower arm versus in the upper arm?

e) Given that 4000 photons travel horizontally toward BSI, roughly how many do you
expect to be detected at D1 versus D27

In an actual experiment of this type where the components are all perfectly aligned, it turns
out that every photon that travels horizontally toward BS1 arrives with certainty at D2.

f) Do your conclusions from part d) match those observed in an actual experiment?

Suppose that you want to decide which path each photon takes. This requires a measurement
that detects which path the photon takes and this can be done (in principle) by inserting
detectors that do not destroy or alter the photons into the upper and lower paths. Each
detector can register the presence of a photon (at its location) and then lets the photon
pass.

g) Suppose that a single photon travels horizontally toward BS1 and is detected in the
upper arm. After it is detected it passes toward BS2. The situation is now identical to
that where a single photon is fired towards BS2. At which of D1 or D2 do you expect
it to arrive?

h) Suppose that a single photon travels horizontally toward BS1 and is detected in the
lower arm. After it is detected it passes toward BS2, At which of D1 or D2 do you
expect it to arrive?

i) Suppose that 4000 photons travel toward BS1 and there are detectors in either arm.
Roughly how many do you expect to be detected at D1 versus D27

j) Has the action of measuring the path taken by the photon (the upper or lower arm)
affected the result of the original experiment? Explain your answer.
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2 Which path?

The same interferometer arrangement from the previous question can be applied to a different
issue: “Did any photon that reaches the detectors travel along only one path or not?”

First assume that BS2 is absent. Single photons are fired into BS1 as before,

a) Suppose that a photon arrives at D1. Could it have traveled along the upper arm?
Could it have traveled along the lower arm?

b) Suppose that a photon arrives at D2. Could it have traveled along the upper arm?
Could it have traveled along the lower arm?

c) Experiments show that a single photon will either arrive at D1 or else at D2 but not
both. Given that it is eventually detected, can one say with certainty which path it did
take? Can one say that it only took one path?

suppose that BS2 is present. Experiments indicate that all photons arrive at D2,
d) Is it possible to say, when BS2 is present, that a single photon definitely traveled along

the upper arm? Is it possible to say that it definitely traveled along the lower arm? Can
one say that the photon only took one path?

e) How does answer to the question “Did any photon that reaches the detectors travel
along only one path or not?” depend on whether BS2 is present or not?
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