
Varieties of animal pupils



Cats eyes aid prey detection
■ In bright light, cats’ pupils

constrict to vertical slits.
This protects their eyes
from too much light, and
also helps detect prey by
giving a narrow
depth-of-field in the
vertical direction, and a
wide depth-of-field in the
horizontal direction.

■ The slits can be sharply
focused on the prey, while
leaving the surroundings
blurry, therefore making it
easier to detect prey in the
presence of a confusing
background.

■ During twilight, the pupils
become very wide and
circular to allow more light
in, and the reflective
membrane at the back of
the cat’s eyes increases the
amount of light collected.



Lecture 14—learning outcomes
• Distinguish between polarized and unpolarised light.
• Describe what happens to unpolarized and polarized light when it passes

through a polarizing sheet, calculate the resulting intensity of the light.
• Use a diagram to explain how unpolarised light can become polarized when

reflected from an interface.
• Calculate Brewster’s angle for different interfaces. Explain what this means.
• Describe different ways that light can become polarized.
• For photon absorption and emission, apply the relationship between energy,

power, intensity, rate of photons, the Planck constant, and the associated
frequency.

• Describe the photoelectric effect using words and equations. Explain the
significance of the observation of the photoelectric effect.

Textbook chapters: 33.4, 33.7, 38.1–2
https://ebookcentral.proquest.com/lib/unsw/reader.action?
c=UERG&docID=30765671&ppg=892

https://ebookcentral.proquest.com/lib/unsw/reader.action?c=UERG&docID=30765671&ppg=892
https://ebookcentral.proquest.com/lib/unsw/reader.action?c=UERG&docID=30765671&ppg=892


Polarised light—introduction

■ Up until now we have imagined light as a wave with an E field as
shown in the figure above, propagating towards the right.

■ There is no reason for the E vectors (the thin lines in the figure) to
point up and down, they could be at any angle provided they are
perpendicular to the direction of propagation.

■ The figure shows an example of linearly polarised light, which is a
special case of elliptically polarised light as we shall see later.



Polarised and unpolarised light

■ The top figure shows linearly polarised light, with
the direction of polarisation (determined by the E
vector) being along the y axis.

■ Panel (a) in the figure at left attempts to show
unpolarised light (e.g., light from the Sun, to a
good approximation), where the E vector changes
its direction rapidly along the line of propagation.

■ Panel (b) is a convenient shorthand for
unpolarised light. Any light wave can be
decomposed into two orthogonal polarisations in
this way.



Unpolarised light passing through a linear polarisor

■ Polarizing sheets, known commercially as Polaroid filters, were invented in 1932 by
Edwin land while he was an undergraduate student. Polarizing sheets consist of long
molecules embedded in plastic. During the manufacturing process the sheets are
stretched to align the molecules in parallel rows. When light is sent through a sheet,
the electric field components along one direction pass through easily, while components
perpendicular to that direction are absorbed by the molecules and disappear.

■ The figure shows the light on the far side of a polarising sheet that is illuminated by
unpolarised light coming in from the left.

■ The figure shows the light further broken down into component colours. In fact, the E
field is not multi-valued along the axis as this implies.



Intensity of transmitted polarised light
■ In the top figure unpolarised light (with equal

components in the vertical and horizontal directions) is
passed through a vertically polarised sheet. The
horizontal component is removed, so the light intensity
is halved.

I = I0
2 one-half rule, for unpolarised light

■ Suppose now that the incoming light is already polarised
along some direction θ as shown in the middle figure.
We can resolve the E vector into horizontal and vertical
components as shown. Ez is absorbed, and Ey = E cos θ
is transmitted. Recalling that the intensity of a wave is
proportional to the square of the amplitude, we have

I = I0 cos2 θ cosine-squared rule, for polarised light

■ The bottom figure shows sheet P1 (the polarisor)
producing polarised light from an unpolarised source,
passing through sheet P2 (the analyser). The intensity
of the light on this side of P2 will be given by the
cosine-squared rule.



Overlapping polarising sheets

■ Overlapping polarising sheets transmit light fairly well if their directions of
polarisation are aligned, as in panel (a).

■ If the directions are crossed (i.e., at 90◦ to each other), the light is almost
entirely blocked, as in panel (b).



Problem—polarisation and intensity with three polarising sheets
The figure, drawn in perspective, shows
a system of three polarizing sheets in
the path of initially unpolarized light.
The polarizing direction of the first
sheet is parallel to the y axis, that of
the second sheet is at an angle of 60◦

CCW from the y axis, and that of the
third sheet is parallel to the x axis.
What fraction of the initial intensity of
the light emerges from the three sheet
system, and in which direction is that
emerging light polarized?



Solution



Problem—rotating the polarisation of a beam of light
We want to rotate the direction of a linearly polarised beam of light through 90◦ by sending the beam
through one or more polarising sheets. (a) What is the minimum number of sheets required? (b)
What is the resulting intensity of the light? (c) What is the minimum number of sheets required if the
transmitted intensity is to be more than 60% of the original intensity? (d) Is it possible to have the
transmitted intensity approaching arbitrarily close to the original intensity, assuming perfect polarising
sheets?



Solution—rotating the polarisation of a beam of light
(a) 2, at 45◦ to each other,
(b) cos2(π/4) = 0.25,
(c) 5, since cos2m(π/2m) = 0.6054 > 0.6 when m = 5,
(d) yes.



Polarisation and scattering of light
The video linked below is an excellent introduction to polarisation, and is well worth watching more
than once.

https://www.youtube.com/watch?v=QCX62YJCmGk

https://www.youtube.com/watch?v=QCX62YJCmGk


Explanation of the previous video
The video linked below goes into more detail explaining the effects seen in the last video. Skip it if you
don’t have the time, but it is really interesting.

https://youtu.be/aXRTczANuIs?t=688

https://youtu.be/aXRTczANuIs?t=688


Polarisation by reflection
■ The figure shows unpolarised light hitting an air glass interface.

Firstly, consider the polarisation component parallel to the page, as
shown with green arrows. This component causes electrons at the
glass interface to oscillate in the direction of the arrows. If the
reflected and refracted rays are at 90◦ as shown, then the electrons
will be oscillating precisely along the direction of the reflected ray,
and will produce no electromagnetic radiation in that direction. So,
this polarisation component of the incoming light will not be
reflected.

■ The polarisation component perpendicular to the page is reflected
and refracted without hindrance, since the motion of the electrons is
perpendicular to the rays in both cases.

■ The net result is that the reflected ray is perfectly polarised in the
direction perpendicular to the page.

■ The angle θB is known as the Brewster angle and can be calculated
by combining the law of reflection, θB + θr = 90◦, and Snell’s law,
n1 sin θ1 = n2 sin θ2, giving

θB = tan−1 n2

n1

which, in the special case of air, with n1 ≈ 1, becomes Brewster’s
law

θB = tan−1 n



Demo: Lb19—polarisation by reflection



Polaroid glasses block rays reflected at the Brewster angle
Polaroid glasses only pass the vertical component of light, so they block light reflected from water (or
glass) at the Brewster angle, and partially block light at nearby angles.



Polarisation by scattering, and why the sky is blue
The video linked below has an excellent discussion of scattering of light by particles, and how it causes
polarisation. This is also why the sky is blue (you also need to know that scattering intensity is
proportional to λ−4, so blue light is much more strongly scattered than red light) and shows strong
polarisation when view through polaroid glasses.

https://sciencedemonstrations.fas.harvard.edu/presentations/polarization-scattering

https://sciencedemonstrations.fas.harvard.edu/presentations/polarization-scattering


Linearly (examinable) and circularly (non-examinable) polarised light
The video linked below will help you understand polarisation of light. Circularly polarised light results
from combining light with linear polarisations at 90◦ to each other, with a 90◦ phase shift. If the phase
shift is varied from 90◦, elliptically polarised light is produced. Just as light can be decomposed into
orthogonal linear components, it can instead be decomposed into left and right circular components.

https://www.youtube.com/watch?v=8YkfEft4p-w

https://www.youtube.com/watch?v=8YkfEft4p-w


Holograms: how are they possible?
The video linked below on holography is absolutely fascinating, and helpful in understanding light and
interference, but goes beyond the syllabus of PHYS1231.

https://www.youtube.com/watch?v=EmKQsSDlaa4

https://www.youtube.com/watch?v=EmKQsSDlaa4


The photon, the quantum of light
■ In 1905, Einstein proposed the revolutionary idea that electromagnetic radiation (or

simply light) is quantized and exists in elementary amounts (quanta) that we now call
photons. His motivation was to explain the photoelectric effect (see upcoming slides).
He received the Nobel Prize for this work.

■ According to his proposal, the quantum of a light wave of frequency f has energy

E = hf (photon energy)

where h = 6.63 × 10−34 J s is Planck’s constant.
■ The smallest amount of energy that a light wave of frequency f can have is hf (i.e., one

photon). If the wave has more energy than this, its total energy must be an integer
multiple of hf .

■ Einstein further proposed that when light is absorbed or emitted by an object, the
absorption or emission event occurs in the atoms of the object.

– When light of frequency f is absorbed by an atom, the energy hf of one photon is
transmitted from the light to the atom. After this absorption event the photon
vanishes and the atom is said to have absorbed it.

– When light of frequency f is emitted by an atom, an amount of energy hf is
transferred from the atom to the light. In this emission event, a photon suddenly
appears, and the atom is said to have emitted it.



Problem—emission and absorption of light as photons

A sodium vapor lamp
is placed at the center
of a large sphere that
absorbs all the light
reaching it. The rate
at which the lamp
emits energy is 100 W;
assume that the
emission is entirely at
a wavelength of
590 nm. At what rate
are photons absorbed
by the sphere?



Solution



The photoelectric effect
■ The photoelectric effect is where a beam of light hitting

a metal surface can cause an electron to be ejected from
that surface. The effect can be investigated by the
apparatus in the figure. A beam of light enters the
evacuated chamber from the right and hits target T . Any
electrons that are emitted are swept up by the positive
voltage placed on the collector C . The ammeter A
registers the current and you can plot this as a function
of the intensity and wavelength of the incident light.

■ The first experiment you can conduct is to adjust the
potential difference V , making it slightly negative until
the electron current drops to zero, at which point
V = Vstop and the most energetic electrons that are
ejected are turned back before they reach the collector.
The kinetic energy of the most energetic electrons is then
Kmax = eVstop where e is the elementary charge.

■ This experiment shows that for light of a given frequency,
Kmax does not depend on the intensity of the light
source. This result cannot be explained by the classical
wave model of light but can be explained by the photon
model.

■ The second experiment is to vary the frequency f of the
incident light and measure Vstop as a function of f . The
result is that the photoelectric effect does not occur if
the frequency is below a certain cut-off frequency, no
matter how intense the incident light is. This cannot be
explained by the wave theory, but can be explained by
photons.



Demo: the photoelectric effect



The photoelectric effect—the stopping potential
■ The figure shows the results of the second

experiment from the earlier slide, using sodium
as the target.

■ Photons with frequency less that f0 cannot eject
any electrons.

■ Einstein summed up the results of such
photoelectric experiments with the equation

hf = Kmax + Φ (photoelectric equation).

where Φ is called the work function of the
metal.

■ The above equation is essentially a statement of
the conservation of energy for a single photon
absorption. We can rewrite this equation using
the expression for Vstop from the last slide, and
get

Vstop =
(h

e

)
f −

Φ
e

.

which is the equation of a straight line with
slope h/e and y intercept −Φ/e, agreeing with
the experimental results in the figure.



Problem—photoelectric effect and work function

Find the work function Φ of
sodium from the figure.



Solution


