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‘Kaizen’ on Faraday Rotation

First a reminder of what Faraday rotation is, and
why we care about it. We all glibly tell our students
that light is an electromagnetic phenomenon, but
it wasn’t until Michael Faraday’s work in 1845
that there was any known connection between
light and magnetism. The effect he discovered
arises when linearly-polarized light propagates
through a homogeneous optical sample, parallel
to a static and uniform magnetic field in which
it’s immersed. What happens is that the plane-ofpolarization of that light rotates systematically,
through an angle that’s proportional to the sample’s
length, and to the magnitude (and sign) of the
static magnetic field. The proportionality-constant
remaining is called the Verdet constant, V, of the
material. That material property of the sample
shows an interesting and non-trivial dependence
on the wavelength of the light used: V=V(λ).
Now, to the improvements we are ready to suggest:
More signal: TeachSpin’s experiment starts with
a cylindrical glass sample, intended to be immersed
inside an air-core solenoid which produces the
desired axial magnetic field. The solenoid is wound
with copper wire and has a net resistance under 3 Ω, so
that modest voltages can drive a large current through
it. We have previously been suggesting a d.c. power
supply limited to 3-A currents, but a power supply
capable of 30-V, 6-A continuous operation is now

available. We’ve confirmed that this works fine with our
solenoid, and that 6-A operation for extended times does
not overheat the solenoid. Result: double the current, so
double the field, and hence double the available Faradayrotation angle. We are now stocking this HY3006D power
supply from Volteq, and you can get one from us for $256
for use in your existing Faraday-Rotation apparatus.
Next improvement: more color(s). When our FaradayRotation experiment was developed, it used the only
style of diode-laser light source then available, one that
operated in the red region of the spectrum, at wavelength
about 650 nm. Now Becquerel’s theory for the Verdet
constant predicts that it should display a wavelength
dependence of V(λ) ∝ λ⋅dn/dλ , and for most materials
transparent in the visible, this quantity grows as the
wavelength shrinks. Hence our interest in diode-laser
sources now available in the green, blue, and even violet
regions of the visible spectrum. We now make available
to you a green diode-laser module, operating near 520
nm wavelength. It’s a drop-in replacement for the
existing red-laser module, mechanically and electrically
compatible with the apparatus you already use. Trying
this green-light source with the standard SF-57 glass
sample in our apparatus, you’ll find that you get about a
50% larger Faraday-rotation angle for green light than for
red light. And that observation will help motivate students
to work out for themselves the Becquerel prediction
of wavelength dependence of the Verdet constant V.

A third improvement: more liquids. We have always
included, with our apparatus, a glass ‘liquid cell’ as an
alternative to a solid-glass sample. This permits filling
the solenoid with a sample of the transparent liquid
of your choice. The most obvious choice for sample
material, namely water, is found empirically to give a
rather small Faraday-rotation effect. This, in turn, has
motivated the use of an electronic method of detection
of Faraday rotation, and (with the use of alternating
currents in the solenoid) the use of ‘lock-in detection’ of
the signals resulting. But (with acknowledgement and
thanks to David Pengra of the University of Washington)
we are now able to suggest some alternative liquid
samples to use, ones that (due to their larger optical
dispersion) give markedly larger Faraday rotation
signals than does water. You can try the relatively
cheap and innocuous organic liquids ‘methyl salicylate’
or ‘ethyl cinnamate’, and see Faraday-rotation effects
without the need to use a.c. detection techniques.
Another method: Here’s a view of some data you
can get in real time. Suppose you depart from the
‘extinction condition’, where the Polaroid analyzer is
90° away from the polarization vector of the emerging
light, but you stop short of that 0°-away condition where
the transmitted light would be maximal. Suppose, in
fact, you stop at the 45°-position, where you get half
the maximum amount of light – but where you get a
first-order, and maximal, sensitivity to changes in the
polarization angle of the light emerging from the sample.
Next, you can give up the eyeball-viewing of a
white-paper screen suitable for finding extinction,
and substitute the simple photodetector that comes
with the Faraday Rotation set-up, to get a real-time
voltage-output indication of the power in the light
beam transmitted through the Polaroid analyzer. Now
if you run an oscilloscope in ‘roll mode’, you’ll see the
time stability of the light level – but that level should
change when the solenoid is energized. That’s because
light from the sample, which has been encountering
that analyzer at 45°, will now be encountering it at
45° ± θ (where θ is the Faraday rotation caused by the
sample). Then the Law-of-Malus transmission fraction
changes from cos2(45°) = ½ to cos2(45° ± θ) ≈ ½ ±
1⋅θ, and you expect an increase, or a decrease, from
the baseline voltage-signal of detected optical power.
Yet more resources! For users who’d like their students
to explore the technical progression from the introductory
‘extinction method’ for detecting the rotation of light’s

A ‘scope-face trace in time showing direct detection of
Faraday rotation using a sample cell filled with ethyl cinnamate. The horizontal axis shows 25 s of elapsed time;
the vertical axis is a voltage signal showing the power in
the beam coming through the analyzer (with zero-light
level positioned at the bottom of the screen).
The two excursions away from the baseline level arise
from manually turning the solenoid current up to +5.5 A
and then down to 0, and later from turning the solenoid
current down to -5.5 A, and then back to 0.

plane-of-polarization, to the more sensitive electronic
techniques for detection, we’ve provided a tutorial
called ‘A case study in small-signal measurement’.
That may be found at the web page for our SignalProcessor/Lock-In Amplifier, http://www.teachspin.
com/signal-processor-lock-in-amplifier.html — look
in the ‘Additional Resources’ box on that web page
for the link to the tutorial. Whether or not you use our
lock-in, or any lock-in, this write-up may help your
students understand the merits, and the methods,
of quantitative detection by electronic means.
And more data: For users who would like
to explore Faraday rotation, and its wavelength
dependence, for liquid samples, here we point
you to a useful resource for the ‘dispersion data’,
the n(λ) information, that’s needed to work out
the Becquerel prediction for λ⋅dn/dλ . At the
web-site https://refractiveindex.info, you can
find values, graphs, and functional models for
the wavelength dependence of the refractive
index for a wide variety of transparent liquids.

An aside: It has not escaped our notice that ethyl
cinnamate and ordinary ethanol are ‘miscible in any
proportions’. That means you can make up a homogeneous mixture of low-index (n ≈ 1.36) ethanol and
high-index (n ≈ 1.55) ethyl cinnamate, and hence can
reach any desired target-value of refractive index n
for the mixture (in the range 1.36 < n < 1.55). So the
right proportions of the two ingredients can give you
an ‘index-matching liquid’, whose index of refraction
matches that of (say) Pyrex glass (n ≈ 1.47). Do you
know what it looks like when you dip a Pyrex-glass stirring rod into such a liquid mixture? Do you know why
there’s a bottle of Wesson salad oil in the chemistry
stockroom? Have you heard of the ‘Christiansen effect’, in which a sample of powdered glass is wet with a
suitable index-matched liquid?

More ideas? Have you ever wondered why we
use an air-core solenoid? Have you too thought of
adding some iron to the arrangement, in pursuit of
larger fields and hence larger Faraday rotations?
We certainly have, and now we’ve tried it out. We
got a piece of iron pipe, with a small enough outer
diameter to fit inside the solenoid, and drilled
it to a large enough inner diameter to admit the
SF-57 glass rod we use as a standard sample.
There’s not a huge volume of space to fill with
iron, but the iron we added was enough to raise
the inductance of the solenoid coil from about
6 mH to over 47 mH, so we know for sure that
it’s magnetically active. As the inductance has
gone up (by a factor near 8), then on (a volume)
average, the B-fields must have gone up by a factor
of √8, nearly a factor of 3; so one might hope for
a nearly 3-fold increase in the Faraday rotation.

A schematic representation of the location
of an iron sleeve (shown cross-hatched), added
outside the glass sample but inside the solenoid.

Without that iron, inserting the glass rod in the
usual way (supported by foam sleeves) and using
direct currents of -5.5 and +5.5 A in the solenoid,
we found ‘extinctions’ of the transmitted red
laser beam at Polaroid-analyzer positions of 4°
and 17° on its angular scale. That’s the ‘control
group’; now for the ‘experimental group’. We
took out the glass rod and the foam, and we filled
the solenoid with our iron sleeve and put the glass
inside that. Now using the same currents of -5.5
and +5.5 A in the solenoid, we found ‘extinctions’
at Polaroid-analyzer positions of 4° and 17°. And
those observations are consistent with no effect(!)
of the iron – empirical fact has crushed the hope of
iron-enhanced Faraday rotation. We can certainly
exclude the hoped-for factor-of-3 improvement.
Now “that’s all very well in practice, but does it work
in theory?” Have your students look up the integral
form of Ampere’s Law for the H-field, and choose a
clever rectangular closed path suitable for use in a
long-solenoid geometry, and have them do the path
integral to show that (whether in the air, or the iron, or
the glass) the H-value is always given by n⋅ i (where
n is the turn-density of the solenoid windings, and
i is the current in the solenoid windings). We infer
that H’s value is the same in air, as in iron, as in glass.
Faraday rotation depends on B, which is given by
B = μ0 (H + M) = μ0 (1 + χ) H

,

where χ is the local magnetic susceptibility. Inside
the iron, χ >> 1, so B in the iron is much larger
than B in the air (or the glass); this accounts for
the markedly larger inductance that the iron-loaded
solenoid exhibits. But B in the glass (which is all
that counts for Faraday rotation) depends only
on the magnetic susceptibility of the glass, and
that is <<1. We conclude that the proper theory
shows that in this solenoidal geometry, the iron
enhances only the B-field inside the iron, and does
nothing to enhance the B-field inside the glass.
So theory agrees with experiment in showing the
inefficacy of an iron sleeve to increase the size
of Faraday rotation in this solenoidal geometry.
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OTHER NEWS:

Condensed-Matter Physics (CMP) apparatus is now in full production,
and we’re shipping units to users. See our web-site at teachspin.com/
condensed-matter-physics for full information.

It was Japanese auto manufacturers who
developed the term ‘kaizen’ for ‘continuous
improvement’ in their production processes,
and we’ve found that concept appealing at
TeachSpin too. This newsletter describes some
recent improvements, extensions, and ideas
we’re making available to users of our existing
‘Faraday Rotation’ experiment.

