


14 . Moving Cylinder

Place a sheet of paper on a horizontal table and put a cylindrical object (e.g. a 
pencil) on the paper. Pull the paper out. Observe and investigate the motion of 

the cylinder until it comes to rest.
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2D - system
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Sheet of paper

Table

We assumed that cylinder, table, and sheet of paper are rigid bodies



2D - system
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We investigated motion of cylinder under constant acceleration of the paper: a
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Rigid Body Dynamics
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Friction Force
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F V

TT

R R

F=T<Rm1 T=Rm1

Static Friction

F ςApplied force, R ςReaction force, T ςFriction, V ςVelocity, 

1˃ςCoefficient of friction 

Dynamic Friction



Critical acceleration of the paper

Dynamic FrictionStatic Friction

Static vs. Dynamic Friction
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wr+V=at T=mgm1

acr =gm1

(I +mr 2)

I

T<mgm1

m ςMass of the cylinder, r ςRadius of the cylinder, I ςMoment of inertia due 
to symmetry axis, g ςDǊŀǾƛǘŀǘƛƻƴŀƭ ŀŎŎŜƭŜǊŀǘƛƻƴΣ ˃1ςCoefficient of friction 



Motion of cylinder
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If initial linear and angular 
velocity is zero

Linear velocity and angular velocity become zero at the same time
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Kinetic frictionStatic friction

2D - Model Conclusions



Theory results

Poland 12

Theory
m1=0.13

m2=0.22
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Experimental setup
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Weights

Bumper Pulleys

String



Pulleys and Weights
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Different materials used
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Paper

ɛ1=(0.15Ñ0.02)

Fabric

ɛ1=(0.22Ñ0.02)



Cylinder
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Micro-processor
Metal cylinder

Plasticine

Bright LED
Flashing 

Bright LED



Experiments
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Experiments
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2 seconds exposure time



Experiments
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Experiments
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Experiments
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Table
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Escaping

sheet of paper

Cylinder is on the tableCylinder is on the paper

Reflection changes



Experimental results - paper
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Experimental results - fabric 
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Cycloid
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mr / I =56 1/ m[ ]



Experimental setup
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Experiments
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Comparison with theory
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3452

The ratio between angular and linear velocity is not changed!

Theory 
mr

I
=56 1/ m[ ]

å

çæ
õ

÷ö



Full 3D model
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