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Problem 3: String of beads

Problem 03
String of beads

A long string of beads is released from a
beaker by pulling a sufficiently long part of
the chain over the edge of the beaker. Due to
gravity the speed of the string increases. At a
certain moment the string no longer touches
the edge of the beaker (see picture).
Investigate and explain the phenomenon.
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Introduction

e “sufficiently long part of the chain”: there is a minimum
energy to overcome inertia.

* “the speed of the string increases”: two cases
— Initial height > String’s length: 2 phases for acceleration behavior
— Initial height < String’s length: 3 phases for acceleration behavior

* “the string no longer touches the edge of the beaker”: there is
a mechanism which makes the chain detach from the beaker.
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Acceleration and motion features
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Acceleration and motion features

When H<L
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Initial energy to overcome inertia
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Detachment

e (Cause: tension causes an impulse that pull the
chain upwards.
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Problem 3: String of beads

Detachment
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The height of the beaker influences the height of detachment above the
beaker’s border.
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Detachment

Cut diametrically the
beads
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Detachment

Higher
tension

Takes different
shapes due to the
arrangement inside
the beaker.

Larger Higher
bead’s size tension
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Material

* Beakers

e Chains (beads and nylon)

* Table

* Camera

 Measuring tape (precision of £0.05 cm)
* Precision scale (precision of £0.1 g)
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Experimental description

* Experiment 1: acceleration analysis.

* Experiment 2: initial energy analysis.

* Experiment 3: detachment analysis.

* Experiment 4: detachment evolution with time.

* Experiment 5: height of launch variation.

* Experiment 6: beaker dimensions variation.

* Experiment 7: variation of the distance between beads.
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Experiment 1: acceleration analysis

Velocity in function of "x"
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Experiment 1: acceleration analysis

Acceleration in function of "x"

=
N

=
o

Initial energy

0o

Detachment
shape

—Theory

Detachment in

i ¢ Experiment
time

Acceleration (m/s?)
(o)}

, 2
Height of
launch
0 . .
Beak 0 1 2 3
dimi?,s?c:ns Part "x" hanging from the beaker (m)
Distance Source of errors: measuring tape (0.5 mm) and conversion scale.

between beads




Problem 3: String of beads

Experiment 1: acceleration analysis
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Experiment 2: initial energy analysis

Acceleration Minimum energy (J)
0.044 Standard deviation: 0.004 )
0.038
0.033
Detachment 0.038 0.039J 0.038 )

0.038
e 0.044
0.038

Height of
launch

Chain mass: 270 g
ke Chain length: 2.7 m

dimensions Beaker height: 14 cm
Source of error: measuring tape

Dl (£0.5 mm) e of the scale (0.1 g).

between beads




Problem 3: String of beads

Experiment 3: detachment analysis
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Acceleration
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Experiment 3: detachment analysis

Initial energy
shape
launch

Possible to see the relation between patterns

Distance
between beads

Team of Brazil: Barbara Santiago, Guilherme Moreira, Ibraim Reboucas, Jodo Gabriel Faria and Liara Guinsberg Bad Saulgau, 20t — 29t July, 2012
Reporter: Barbara Cruvinel Santiago 20
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Experiment 4: evolution of the detachment with time
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Experiment 4: evolution of the detachment with time

Height of detachment x Time
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Experiment 5: height of launch variation

Acceleration
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Experiment 6: beaker dimensions variation
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Experiment 6: beaker dimensions variation

Acceleration

Initial energy

Detachment
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time
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Experiment 7: distance between beads
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Experiment 7: distance between beads
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Experiment 7: distance between beads

Height of detachment x Time (linear comparison)
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Conclusion

* |nitial energy: related to the position of the center of mass
(exp. 3).
* Acceleration increases until g is reached in three phases (exp.
2).
e Detachment:
— Impulse of the tension pulls the string upwards;
— Different shapes due to chain’s arrangement (exp. 4);
— Energy conversion (exp. 5);
— Initial height (exp. 5);
— Beaker’s dimensions (exp. 6);
— Distance between beads (exp. 7).
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Summary of the experiment in reference 1
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Experiment: collision analysis

Experimental setup

B :
eads Acceleration

Collision continue

synchronized equalto g
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Experiment: detachment shape (upper part)

Comparison between catenary and
detachment

19
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¢ Experiment

—Catenary

Average percentage error = 9.4%
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Experiment: detachment shape (upper part)

Comparison between parabola and
detachment
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——Parabola

¢ Experiment

Average percentage error = 12.7%
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Explanation: detachment shape (upper part)
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Detachment without collision

 The chainis released from 12 m of height.
* There’s no collision with the floor, but the detachment occurs.

\ |
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* Slow motion video:

12 m of heidght
No collision with the floor
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Experiment 2: initial energy calculation

Theoretical value Experimental value

* The chain is pulled from rest bead
by bead.

* h = half the minimum length pulled
for motion beginning.

U=2Mg—

Chain mass (M): 270 g
Chain length (L): 2.7 m

Beaker height (h): 14 cm * Value gotten applying last formula.

* Acquired data: next slide
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Experiment 2: initial energy calculation

ﬂ

0.15
0.14

Half the
0.13 ..

minimum
0.14

length

0.14

measured
0.14
0.15 B

Standard Deviation 0.007




