Maxwell's Dynamical Top
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Maxwell designed his dynamical top (Fig. 1) specifically ‘for exhibiting the
phenomena of the motion of a system of invariable form about a fixed point' 1V, As
the motion is exhibited by means of a coloured disc, there can be and has been
confusion between his dynamical top and the colour top or teetotum which Maxweli
used in his experiments on colour mixing. This is the device he is seen holding in
the portrait painted when he was at Trinity College, Cambridge in 1855. A fuli
description of this teetotum (Fig. 2) is given in the manuscript "On the comparison of
colours using a spinning top " 2. By contrast, the dynamical top is carefully designed
with sufficient adjustments to enable the centre of mass to be positioned precisely at
the point of support, the axle to be made a principal axis of inertia and for each of
the principal moments to be varied relative to one another. It is first referred to in a
letter Maxwell wrote from Trinity to his father in February 1856 3 where he says ‘/
took my great top there and spun it with coloured discs attached to it. | have been
planning a form of top, which will have more variety of motion, but | am working out
the theory so I will wait till | know the necessary dimensions before | settle the plan.’
The ’'great top' mentioned here is perhaps the simple top (Fig. 3) (which has no
adjustments) that is now in the Cavendish Laboratory, Cambridge along with
Maxwell's own dynamical top. ¥

A version of the top was demonstrated to the British Association meeting in
Cheltenham in August 1856 5\, The body of that version was made of wood but it
had an iron axle with a steel point. On the axle was an iron nut which served the
same purpose as the brass bob on the tops made in Aberdeen. It only had four
horizontal bolts for adjusting the centre of mass, instead of six, but, where the later
version has three vertical screws, the earlier version had four.

The final brass version was built in Aberdeen by Charles Ramage of the instrument
makers Smith and Ramage and was demonstrated to the Royal Society of Edinburgh
in April 1857. (1 By December of that year, Ramage was making four tops 'for
various seats of learning’ €. It is clear from Maxwell's letters that among these
were Durham 7' {to R.B. Hayward), Edinburgh ® (to J.D. Forbes) and Cambridge 9
(to lecturers at Trinity}. Maxwell's own version of the top wernt with him when he
moved to Kings College, London {19 and from there to Cambridge. In 1859, a letter
accompanying a top sent to P.G. Tait mentions that the Trinity lecturers had 'broke
the cup of theirs by bumping it down inconsiderately’. ¥ It also describes a short
handle enabling the user ‘to spin it and prevent drilling of the finger'. This was
needed because the upper end of the axle is as pointed as the lower end. Maxwell
had at one time visualised mounting the top like a gyroscope with the upper end
guided by 'a separately balanced swing-frame'. ('1

When he demonstrated the top in Edinburgh in 1857 Maxwell was particularly proud
of two innovations. The first was the use of the coloured disc to show the
movement of the ‘invariable axis’ - the angular momentum vector - relative to the
axle of the top. The second was his simplification of the mathematics describing



this motion by use of the conservation of angular momentum and energy. in his
paper he wrote 'The optical contrivance for rendering visible the nature of the rapid
motion of the top, and the practical methods of applying the theory of rotation to
such an instrurnent as the one before us, are the grounds on which | bring my
instrument and experiments before the Society as my own'. 12 The following
month in a letter to Stokes '3 he wrote '/ have had a dynamical top of brass made
at Aberdeen and have been simplifying the theory of the motion of the "invariable
axis" (normal 1o the invariable plane) in the body. The extremity of this axis
describes spherical ellipses about the greatest or least principal axes. ....

Maxwell's method of deriving this motion is still used by modern textbooks on
classical mechanics to describe force-free rotation of a rigid body. "% He showed
that the theory can be deduced 'as briefly as possible from two considerations only,
- the permanence of the original angular momentum in direction and rmagnitude and
the permanence of the original vis viva. '3 In modern notation this implies that both
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are constant where L,, L, and L, are the components of the angular mormentum
vector L in the axes of the body and i, I, 1, are the principal moments of inertia.
Hence, Maxwell concluded, the angular momentum vector sweeps out a cone that
passes through the intersection of these two surfaces. He goes on to calculate the
rate at which L describes this path by observing that 'Since the invariable axis is
fixed in space its motion relative to the body must be equal and vpposite to that of
the portion of the body through which it passes’. 119

Maxwell describes how to use the coloured disc to set up the axle as one of
principal axes of inertia. This is done by watching the changing colour of the centre
of motion when the top is spun initially about its axle. ‘/f the axis about which the
top is really revolving, falls within this disc, its position may be ascertained by the
colour of the spot at the centre of motion. If the central spot appears red, we know
the invariable axis at that instant passes through the red part of the dis¢c' 07
Adjustment of the vertical screw nearest the red part of the disc can then be made
to reduce the wandering of the axis of rotation from the axle.

After being set up the spinning top must be given a sharp knock to set it spinning
about an arbitrary axis. Its behaviour is then determined by the relative values of the
principal moments of inertia. Maxwell describes each possible case. If the axle is
the axis of the greatest principal moment of inertia the colours are seen in the same
order as they appear on the disc in the direction of spin of the top. If the axle
corresponds to the least moment of inertia the colours are seen in the opposite
order. The greater the ratio of these two moments, the faster the colours change
while the angular momentum vector describes a small ellipse. Finally, as Maxwell
points out, '/f the ax/e be made the mean axis, the path of the invariable axis will be
no longer a closed curve, but an hyperbola, so that it will depart altogether from the
neighbourhood of the axle’. (18!



He concludes his paper by postulating that the same type of precession might be
seen in the earth's motion, while admitting that it could be heavily damped. He
predicted the period of this precession to be 325.6 solar days. 119 There is a wobble
of the earth's axis with a period of about 420 days, the Chandler wobble, that is
believed to be due 1o the force-free precession Maxwell described. However the
correspondence between Maxwell’'s prediction and the Chandler wabble is not
simple. 120}

The top spun in the video demonstration was sold in 1885 by Harvey and Peak the
instrument makers of Beak Street, London. It was purchased at that time for six
guineas by Professor Charles Niven for Aberdeen University. 29

I am grateful to Mr Stuart Leadstone for suggesting that a video of Maxwell's
Dynamical Top should be made, to Mr John Sangster for his able assistance in
producing the video and to Dr John S. Reid and the staff of the Physics Unit of
Aberdeen University for their help.
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