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It Is All Because of Bubbles

Abstract:

i

Tapping the side of a glass of beer as the bubbles escape, one can find that the pitch will
change. In order to know how the bubbles would influence the frequency, | survey the pitches
of a wine glass with various drinks that would generate bubbles. As bubbles getting away from
the glass, my experimental data shows that the frequencies of the tone did get higher when the
glass contains beer and coke. However, | surprisingly find a different result when the same
glass contains sarsaparilla. Hence | design a series of experiments to understand the possible
mechanism. The data suggests that when the drinks contain bubbles in it, the frequencies of the
tones will be higher. When the liquid surfaces were disturbed, the frequencies of the tones will
become lower. If there were foams above the liquid surfaces, the frequencies of the tones will
also be lower. This finding proposes that people needs to consider both the bubble bulk status
and surface effects. The consequences of the competitions between these two effects can
successfully explain how the tones are changed in the cases of beer or sarsaparilla or coke.
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A poor man's way of
“hearing” apart Goke and Root Beer

Kuan-Hao Chen



Introduction

Tapping the side of a glass of Coke generates a pitch which increases as

bubbles escape from the fluid. But the opposite is true when Root Beer is

used instead. This rules out an earlier theory claiming that the pitch change

is caused by the lowering of the average sound speed in the bubbly liquid.

Systematically performing a series of experiments, I showed that the pitch

was increased when bubbles were in the bulk fluid; but it was lowered when

the bubbles were collected to form a foam on the surface of the drink. A

simplified theoretical explanation is also proposed to account for the

observed effects.

Experiment

l.

The sound generated by rubbing the rim of an empty glass is recorded

and analyzed.

. The frequency of the glass with Coke/Root Beer/Malt filled to a certain

height is measured at a regular time interval.

. Repeat Steps 2-3, but also sprinkle some salt into the drink to generate

extra air bubbles at certain stages of the experiment.

Systematic study of the effects of bubbles:

(a) A bubble generator was built to get a steady supply of air bubbles
(Fig. 1).

(b) The water level and the rising bubbles are monitored using a CCD.

(c) The frequency of the water-filled glass with different amounts of air

bubbles is measured.

. Repeat step 2 for an empty glass filled with a foam made of detergent

and glycerin .



flow meter

j barometer
C.C.D.
—M microphone
Fig. 1 experimental setup
Results
1. For Coke :

(a) The vibration frequency first increases but then decreases as the
bubbles disappear gradually (Fig. 2) .

(b) Features noticed:
The recorded video shows that the bubbles in Coke float quickly to
the surface and originally cause significant perturbation on the
surface. At a slightly later stage, the bubbles on the surface of Coke
disappear rapidly even though lots of bubbles are formed in the
glass.

2. For Root Beer:

(a) The vibration frequency decreases as the bubbles disappear
gradually (Fig. 3) .

(b) Features noticed:
Too many bubbles originally present in the glass prevent us from

generating any sound. Once the sound actually comes out, the
2



perturbation on the surface is much less than that for Coke, and the

vibration frequency decreases with time.

f(Hz)
850 r
840 | = =
$ 3 .
830 F
820 * ] ] ] ] ]
0 10 20 30 40 50
7'(min)

Fig.2 Frequency versus time for Coke.

f(Hz)

684

e

681
{

678
S
675 ' ' ' ' '

0 10 20 30 40 50 60
T’ (min)

Fig.3 Frequency versus time for Root Beer.




3. Effects of the extra air bubbles generated by the added salt (Fig. 4):
(a) Bubbles in the bulk fluid increase the frequency.

(b) The foam on the surface lowers the frequency.

initial salt no final
added foam

Fig.4 Frequency change when salt is added into Root Beer.

4. Controlled experiments:

Frequency shift A fversus size of the bubble generator:

(a) Af >\ as R / if the bubble generator is placed near the bottom.
(Fig. 5)

(b) A f / as R/ if the bubble generator is placed away from the
bottom. (Fig. 6)



6.00

200 b I

2.00 F {

0.00 : *'i {* .
200 ¥ 4 6 * 8
-4.00 *

R (cm)

Fig. 5 Frequency shift versus the radius of the bubble generator when it is
placed near the bottom.

Af
10.00
500 |
Bt
0.00 = '
! 4 6 8
5.00 b

R (cm)

Fig. 6 Frequency shift versus the radius of the bubble generator when it is
placed away from the bottom.

(¢c) f . as air flow rate 7, provided the surface is not significantly
disturbed.

(d) f “\ if'the surface is significantly disturbed by the gushing bubbles.
(Fig. 7)



f (Hz)
800
795
790
785
no quiet disturbed
bubbles surface surface

Fig. 7 Surface disturbance decreases frequency.

Fig.8 : Effects of location bubble generator
(A) Bubble generator is placed near the bottom, bubbles linger around
on the surface.
(B) Bubble generator is placed higher, much less bubbles on the
surface.

(e) Features noticed:
Bubbles linger around on the surface for (i) (Fig. 8A ) ; but there are
much less bubbles on the surface for (ii). (Fig. 8B)



5. Effects of pure foam:
f 7 as foam amount “\. (Fig. 9)
6. For Malt (nonalcoholic beer): (Fig. 10)

f(Hz)
1024

P
1022 {{{

i

1018 1 1 1 1 ]
0 100 200 300 400 500

7'(min)

1020

Fig. 9 The frequency increases as time proceeds.
(= amount of foam becomes smaller ).

f(Hz)

1372 .
I t

1 s

368 L !

1364 ] {

1360 [ [ [ [ [
0 20 40 60 80 100

7'(min)

Fig. 10 Frequency versus time for Malt.
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Discussion

1. We have used two independent methods to investigate the effects of
bubbles and foam on the frequency, using a bubble generator or by
adding salt to the soft drinks.

2. The vibration frequency increases when bubbles are present in the liquid.
However, this effect can be masked by an opposing effect coming from
the disturbed surface: When foams are formed on the surface or the
surface is not quiet, the observed frequency tends to become lower.

3. It is not always possible to generate a sound when there are foams on the
surface.

4. A simple theoretical explanation for the effect of air bubbles:

(a) There is an exact analogy between the pressure P in the fluid and
the potential @ in electrostatics: Both —VPand —V¢ represent
the force experienced by a unit volume of material.

(b) An air bubble experiences a higher acceleration compared with a
fluid element when a pressure gradient is present, because it has a
smaller density.

(c) The “overshooting” bubble creates a dipole pressure field to
partially counteract the driving pressure. The bubble overshoots
compared to the fluid. The extra space left behind must be filled by
the fluid. The “back” of the bubble must experience a slightly lower
pressure. The “front” of the bubble is then a high pressure region.
This then generates a dipole pressure field.

(d) A slightly decreased pressure means the glass will vibrate at a
higher frequency.

5. Our results invalidate a previous theory proposed in a popular book (Ref.
3), which ascribes the lowering of the frequency of beer to the decrease
of the effective sound speed due to the presence of air bubbles in the
beer:

(a) The frequency does not change monotonically with time.

(b) The frequency shift is due to the competition between the bubbles in
the bulk and the foam on the surface: They switch relative

importance as time proceeds.



air bubble
(lower density)

Fig.11 The overshooting bubble creates a dipole pressure field and
lowers the pressure gradient.

Conclusions

All of our experimental results are fully consistent with the above conclusion.
1. The vibration frequency of the container increases when bubbles are
present in the bulk fluid (Fig. 12A).
2. The foam on the surface of the liquid lowers the vibration frequency (Fig.
12B).

) AN

Fig. 12A Fig. 12B
Bubbles increase the frequency. Foam decreases the frequency.

It is the difference in the two competing factors that tell Coke and Root Beer

apart in the experiment.
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