
1Q40.30 Bicycle Wheel and Rotating
Stool

Abstract
A person is initially standing still on a disk that is capable of rotating, and a spinning bicycle wheel is handed

to the person. The bicycle wheel is initially perpendicular to the floor. If the wheel is rotated so that it is parallel
to the floor, the person begins to rotate in a direction opposite the rotation of the wheel. The direction of rotation
of the person reverses if the wheel is inverted.

Picture

Setup
Setup time is 0 minutes.

Safety Concerns
Ensure the demonstrator is balanced on the disks, as the rotation may be sudden.

Equipment
• Bicycle wheel • Science Source rotating disks
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Procedure
Have the demonstrator stand firmly on the Science Source rotating disk, ensuring that they are comfortable

and balanced. A second person holds the bicycle wheel perpendicular to the floor and sets it spinning. The wheel
is passed to the demonstrator, who holds it in the same position. When the wheel is turned 90◦ so that it is
parallel to the floor, the demonstrator begins to rotate in a direction opposite that of the wheel.

A greater angular speed can be attained by the demonstrator if the wheel is initially spinning parallel to the
floor. In this case, the demonstrator inverts the wheel 180◦ to achieve a maximum rotation speed.

Additionally, it is interesting to have the demonstrator return the wheel back to an assistant after they have
inverted it (this may be difficult as the demonstrator will already be spinning). The assistant then inverts the
wheel so that it is once again in its original position, and passes it demonstrator. The demonstrator inverts it
again, gaining angular speed and momentum in the process. The process can be repeated.

Theory
The following equation is true for all systems∑−−→τext = dL

dt
, (1)

where the sum of all external torques, τext, is equal to the time rate of change of the angular momentum,
L, of the system. Observe from Equation 1 that if there is no net external torque on a system, then the angular
momentum of the system does not change in time. This means that the angular momentum of the system is
conserved.

For a system of n particles, the angular momentum can be written as,

−→
L = M (−−→rcm ×−−→vcm) +

n∑
i

mi

−→
r′i ×

−→
v′i , (2)

where M is the total mass of the system, rcm is the position vector of the center of mass of the system, vcm is the
velocity vector of the center of mass, mi is the mass of the ith particle, r′i is the position vector of the ith particle
in the center of mass frame, and v′i is the velocity vector of the ith particle in the center of mass frame. It is often
helpful to distinguish the first term in Equation 2 as the translational component of the angular momentum, and the
second term as the rotational component. For a rigid body rotating about a fixed axis, Equation 2 can be rewritten
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Figure 1: Diagram of the coordinate system used
and the general setup of the demonstration.

L = M (rcm × vcm) + Iω, (3)

where I is the moment of inertia about the fixed axis, and ω
is the angular velocity of the rigid body. The system to be
considered in the demonstration consists of the wheel, the
person standing on the rotating disk and the disk itself, and
the earth. If the friction forces acting on the wheel and ro-
tating disk are ignored, there are no external torques acting
on the system under consideration, and the angular momen-
tum of the system must be conserved. For simplicity’s sake,
assume that this system initially has zero angular momen-
tum (of course, this is an incorrect assumption as the earth
is rotating). It is appropriate to use the coordinate system
shown in Figure 1, and to approximate the wheel as a hoop
in all calculations. The origin of the coordinate system is
located at the center of mass of the person.

Suppose the wheel is initially set spinning in a position
so that it is perpendicular to the floor (its axis of rotation is parallel to the floor). The wheel now has angular
momentum in a horizontal direction, and to conserve the initial zero angular momentum of the system the earth
acquires rotation and angular momentum in the opposite direction.
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Rotation

−→L wheel

Figure 2: Diagram depicting a stationary state
where the wheel is rotating parallel to the person
on the rotating disk.

Rotation of
person AND disk

Rotation
of wheel

−→L wheel

−→L person+disk

Figure 3: Diagram of the wheel rotating perpen-
dicular to the person. The rotation and angular
momentum directions are also labelled.

Next, the bicycle wheel, still oriented perpendicular to the floor, is handed to the person on the disk. This is
depicted in Figure 2. When the person rotates the wheel so that it is parallel to the floor, they exert a torque
on the wheel. The wheel exerts an equal and opposite torque on the person, which causes them to rotate.
These are all internal torques that ultimately sum to zero, so angular momentum must still be conserved. To
conserve angular momentum horizontally, the earth loses its previously acquired horizontal angular momentum so
that the total horizontal angular momentum of the system returns to zero. To conserve angular momentum in
the vertical direction, the person and disk must rotate in a direction opposite the wheel so that the sum of the
angular momenta of the three rotating bodies (the person, the wheel, and the disk) in the z-direction is zero. The
directions of the angular momenta are seen in Figure 2. Along the z-direction,

Lwheel + Lperson + Ldisk = 0. (4)

Since all three bodies in the system rotate about axes through their respective centres of mass and that their
centres of mass do not undergo translational motion. In this case, the first term in Equation 3 vanishes and it
can be rewritten as,

L = Icmω. (5)
Equation 5 can be applied individually to the wheel, person, and disk to find their individual angular momenta.
The magnitude of the angular momentum of the wheel is,

Lw = mwR
2
wωw, (6)

where mw is the mass of the wheel, Rw is the radius of the wheel, and ωw is the angular speed of the wheel.
The magnitude of the angular momentum of the rotating person is

Lp = Ipωp, (7)

where Ip is the moment of inertia of the person about the z-axis, and ωp is the angular velocity of the person.
Since the person and the disk rotate at the same angular speed, the magnitude of the angular momentum of

the disk is
−→
Ld = mdR

2
d

2 ωp, (8)
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where md is the mass of the disk and Rd is the radius of the disk. It is possible to calculate how fast the person
will rotate by first substituting Equations 6, 7, and 8 into Equation 4 yielding,

mwR
2
wωw + Ipωp + mdR

2
d

2 ωp = 0. (9)

Solving for ωp in Equation 9 yields,

ωp = − mwR
2
wωw

Ip + mdR2
d

2

. (10)

Table of Measurements
ωw 8.98 rad/s
mw 2.446 kg
md 0.662 kg
Rw 0.318 m
Rd 0.149 m
Ip 1.44 kgm2

Table 1: Table of values pertaining to this demonstration.

The negative sign in Equation 10 shows that the person and wheel rotate in opposite directions. A table of
data pertaining to this demonstration is seen in Table 1. An angular speed of 8.98 rad/s (85.8 rpm) for the wheel
can be obtained if it is spun a few times. The value for Ip was obtained from a study by McConville et al. of a
sample of 31 men with a mean height of 177.49 cm and weight of 77.4 kg. Using the values found in Table 1 to
solve for the resulting angular speed of the person and disk yields a value of 1.53 rad/s (14.6 rpm). At this rate,
a person would comfortably perform a full rotation in 4.09 s. Realistically, friction acting between the axle and
the wheel and on the rotating disk will ultimately bring all rotating bodies to a rest, so the theoretical speed of
rotation calculated above may not be realized.

Many variations can be performed with this demonstration. It is instructive to have the wheel initially spinning
parallel to the floor before it is handed to the person on the disk. When the person takes hold of the wheel,
they do not rotate since there are no internal torques at play. If the wheel is inverted a full 180◦ however, they
will begin rotating faster than the case above when the wheel was initially perpendicular. This is because in this
case the angular momenta of the person, disk, and wheel must sum to equal the initial angular momentum of the
wheel (which reverses direction when the wheel is inverted).

A popular variation often involves transferring ’quanta’ of angular momentum to the person on the disk.
Consider two participants: Person A, who stands on the ground, and Person B, who is standing on the disk. First,
Person A sets the wheel spinning and passes it to the Person B. Person B then inverts it, begins spinning, and
passes the wheel back to Person A. Person A inverts it again so it is back to its initial position, and passes it
back to Person B who can then invert it to spin faster. This process can theoretically be continued, each time
increasing the angular speed of Person B. It is important to realize that the angular momentum of the system
is still conserved, as each time Person A inverts the wheel the angular momentum of the earth increases in the
direction opposite the angular momentum of Person B.
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