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The Relation between Velocity and Angular
Velocity

In order to investigate the problem, we first did
force analysis under Newtonian mechanics system.
Applying New ton Second Law and Theorem of
Angular Momentum to the cylinder, we can get the
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In order to simplify the problem, we need to make
several approximations:
(1) We treat the cylinder as an ideal rigid body.

hen a cylindrical object (e.g. a pencil) is put on a paper

respect to time, which indicate that the acceleration of

upon a horizontal table and the paper is pulled out in

the paper, the frictional force at the contacting surface

different ways, the cylindrical object will go through different moving

and the cylinder`s moving time on the paper are the

processes before it comes to rest.

main factors inf luencing the results. Therefore we

(3) According to the nature of rotating friction, it

chose the acceleration of the paper, the material of the

is caused by the deformation of the contacting

cylinder, the position of the cylinder on the paper as

surface. The bearing capacity produces a vertical

key parameters and conducted a series of experiments

component, resulting in a moment of force that

to verify the theory. During the experiments, we used

only changes angular velocity, as is shown in Fig.1

control variable method to explore the inf luence of
each parameter separately and observed three modes

[1]. Since the horizontal distance
between Ny
and O is rather small, Ny is approximately equal

of motion before the cylinder comes to rest, that

to G and rotating friction is only

is changing translational direction, direct rest and

the magnitude of sliding friction [2]. Thus we also

In order to investigate the motion of the cylinder until it
comes to rest, we first did force analysis under Newtonian
mechanics system. Then based on the theoretical analysis,
we chose the acceleration of the paper, the material of the
cylinder, the position of the cylinder on the paper as key
parameters and conducted a series of experiments to verify
the theory. Finally, we drew the conclusion that with the
increase in acceleration of the paper, three modes of motion
can be observed before the cylinder comes to rest, that is
changing translational direction, direct rest and changing
rotational direction, while the material and position of the
cylinder have no significant influence on the results.
The experimental results are in coherence with the
theoretical expectations and help us better understand
the nature of rolling motion and the function of different
frictional forces.

changing rotational direction. The acceleration of the
paper is the dominant factor influencing the results
while the material and position of the cylinder are of no
significant effects.

(2) We neglect air resistance since it is much smaller
than frictional force.

motion at the contacting point and only include it
in pure rotation.

Through further data analysis and discussion of
the phenomenon, we can draw the conclusion that
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theoretical expectations. The results give us a better
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understanding of the nature of rolling motion and the
function of sliding friction, rotating friction, static
friction in translational and rotational motions.

Introduction
When we put a cylindrical object on a paper upon a horizontal
table and pull the paper out in different ways, we can observe different
movement modes of the cylinder before it comes to rest. Commonly
seen as it is, few people have investigated into this problem before.
However, it appears interesting for us understand what parameters
of the cylinder.

Theoretical analysis
Considering the whole process, the motion of the
cylinder can be divided into two periods: movement on
the paper and movement on the table. The horizontal
forces exerting on the cylinder during the whole
process include sliding friction, rotating friction, static
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neglect rotating friction when there is relative

the experimental results are in coherence with the

dominate the phenomenon and what influence they have on the motion
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velocity and angular velocity of the cylinder with

friction and air resistance.

Fig.1 Sketch map of rolling friction
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where

cylinder and the table.

Momentum to the cylinder, we can get the velocity and
angular velocity of the cylinder with respect to time [3].
We detailed the analysis and derivation in the rest part of

is the friction coefficient between the

Therefore at any time t+t0, the velocity and angular
velocity of the cylinder is given by the formula (7):

, tw < tv , which means

first reduces to 0 and there

Results and discussion

is a change in rotational direction before it comes to

Based on cont rol va r iables met hod , we use

, t w > t v , which means v

displacement-time relation and velocity-time relation

first reduces to 0 and there is a change in translational

to characterize the movement of the cylinder. From

direction before it comes to rest.

the recorded data, with the increase in the acceleration

rest. If

this section.

of the paper, three kinds of movement modes can be

(7)

When the cylinder is moving on the paper, we can get

successively observed.

Experiment

formula (1) as follows [4]:

From the theoretical analysis, the acceleration of
the paper, the frictional force between the contacting
(1)

where f is the static frictional force between cylinder

Plugging (2), (5) into (7), we can therefore get the

surface and the cylinder`s movement time on the paper

time for velocity and angular velocity to reduce to 0,

are the main factors influencing the results. Therefore

namely, the following formula (8) is achieved.:

we chose the acceleration of the paper, the material of
the cylinder, the position of the cylinder on the paper as

and the paper, is angular acceleration and
is the
horizontal distance between Ny and center-of-mass O as

key parameters and conducted a series of experiments
to verify the theory.

shown in Fig.1. Suppose the cylinder leaves the paper
after time t 0 , the velocity and angular velocity at the

(8)

moment can be written as formula (2):

(a) Displacement-time relation

(2)

In fact, it is the relation between t v and t w that
determines the movement of the cylinder until it comes to

While rolling without slipping on the paper, the
contacting point of the cylinder has the same velocity as
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the paper, so we can get the formula (3):

72

(3)

(

refers to the frictional coefficient between paper

(4)
We can get the relation, as shown in formula (5):

the cylinder with the same acceleration as the paper,

The sketch map of experimental facilities is shown

so there is relative slipping at the contacting point and

in Fig.2. We choose steel column and cylindrical pencil

can be neglected. Under this

condition, according to formula (8),

is moving on the table.

, which means velocity and angular velocity reduce to 0
simultaneously and the cylinder comes to a direct rest.
On the other hand, when

(6)

, rotating

friction must be taken into consideration. According to
formula (8), it is the relation between

as ideal cylinder. We use weight attached to string and
a fixed pulley to get constant acceleration. By changing
weight, material of the cylinder or position of the

(5)

Formula (6) illustrates the situation when the cylinder

Fig.2 Experimental setup

and cylinder), the static friction is not enough to provide

rotating friction

Together with formula (4):

f = 13 ma0

rest. Based on the third approximation, when

and

determines the motion of the cylinder. If

that

cylinder on the paper once at a time, we can observe the
influence of the acceleration of the paper, the frictional

(b) Velocity-time relation

force between the contacting surface of the cylinder`s

,
first
Fig.3 The acceleration of the paper is relatively small,
reduces to 0 and there is a change in rotational direction before the cylinder
comes to rest.

movement time on the paper separately. Here we get
the friction coefficient from engineering manual and
also use high frequency camera to record the change of
displacement and angular displacement of the cylinder
with respect of time for further analysis.

The first situation is when the acceleration of the
paper is relatively small, that is,

,

first

reduces to 0 and there is a change in rotational direction
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Based on the three approximations and applying
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is shown in Fig.5(a), and Fig.5(b) reveals the relation

modes of motion can be observed successively before

experimental design and PPT making. Finally, I want to

illustrate the displacement and velocity against time in

between velocity and time.

the cylinder comes to rest, that is changing translational

say thanks to all my teammates, for the great summer

direction, direct rest and changing rotational direction.

we shared together.

this situation, respectively.
When the acceleration gradually increases, namely,
, v first reduces to 0 and there is

Meanwhile, (we observed that) the material and
position of the cylinder are of no significant influence on
the movement of it.

The differences are deter mined by the different
relationships between velocity and angular velocity.

a change in translational direction before the cylinder

The experimental results are in coherence with the

comes to rest. The result of second movement mode is

theoretical expectations. The results give us a better

shown in Fig.4.
And when the acceleration continues to increase
until
,
, v reduces to 0 simultaneously
and the cylinder comes to a direct rest. This is the
third movement mode we observed. By using the same
compare, the relation between displacement and time

Conclusion
The above experimental results show that the

understanding of the nature of the rolling motion and

acceleration of the paper is the dominant factor

the role of sliding friction, rotating friction, static

inf luencing the movement of the cylinder while the

friction in translational and rotational motions.

material and position of the cylinder are of no significant

With the increase in acceleration of the paper, three

Firstly, I really need to thank Daming Zhao and Lu
Sun, since we work on this problem in different ways
but they provided me with many practical suggestions.
Secondly, I need to thank Professor Wenqiang Lu, for
the experimental facilities he provided. I also want
to thank Professor Huitian Wang and Chuanyong Li,
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who gave me a great deal of practical advice on the
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(a) Displacement-time relation

(a) Displacement-time relation

(b) Velocity-time relation

(b) Velocity-time relation

, v first
Fig.4 The acceleration gradually increases,
reduces to 0 and there is a change in translational direction before the cylinder
comes to rest.

,
, v reduces to 0
Fig.5 The acceleration continues to increase,
simultaneously and the cylinder comes to a direct rest.
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before the cylinder comes to rest. Fig.3(a) and Fig.3(b)

