Measurement Techniques and Mathematical Analysis of Gum Bubbles – Project # 4002

Problem
Which brand of gum will produce the biggest bubbles for testing and data
collection?
What gum bubble measurement technique produces the most reliable data?
How can gum bubbles be compared and analyzed mathematically?

Procedure (Continued)
Phase 3 - Use the best measurement method or combination of methods from
Phase 2 and collect data to study the mathematical and physical properties of
gum bubbles
Characteristics Measured or calculated:
Radius/Diameter
Circumference
Volume
Surface area
Non-spherical and spherical formulas
Density, elasticity, sugar content
Measure Multiple bubbles. (5-10 per trial)
Compare Surface Area and Volume.
Explore the impact of treating gum bubbles as spheres when they are ellipsoids.

Procedure
Phase 1 - Gum Selection Process
• Weigh the gum to 5 grams.
• Chew the 5 grams of gum for 90 seconds.
• Blow the bubble as big as you can.
• Measure the width and height of the bubbles with a tape measure.
• Calculate the circumference of the bubbles using the larger measurement.
(C=2πr = πd)
• Record data on data sheet.
• Repeat for 6 different brands of gum.
• Select brand with the largest bubbles for Phase 2 and 3.
Phase 2 - Measurement Technique Trials
• Freeze bubbles to determine if frozen bubbles are easier to measure.
• Measure with a paper grid with 1 cm squares.
• Try measuring electronically with iPad app, Measure.
• Use calipers to measure width and height.
• Take a picture with a ruler near the bubble. Obtain measurements from the
picture.
• Measure circumference with a string.
• Use a bicycle pump to inflate the bubbles
• Determine which method will be used for Phase 3
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Hypothesis
• Based on personal experience, Double Bubble is predicted to be the best
choice.
• Grids and electronic measurement will produce the most consistent results
because they are multi-dimensional and decrease human error.
• Gum bubbles don't appear to be spheres because their height and width
measurements are not equal. Volume and surface area can be calculated to
compare them mathematically.
Materials
6 brands of bubble gum
Ruler, Meter Stick
Measuring Tapes
String
Calipers
Freezer
Grids
Bicycle pump
iPads for taking pictures for measurements
iPads with Measure app for electronic measurement
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Background
We are avid bubble gum chewers. We thought using math to analyze bubbles
would be a fun way to engage students and work with some of the geometry
math standards we are supposed to learn in middle school. These are the
standards that are related to our project:
Math Standards
7.G.4: Know the formulas for the area and circumference of a circle and use
them to solve problems; give an informal derivation of the relationship
between the circumference and area of a circle.
8.G.9: Know the formulas for the volumes of cones, cylinders, and spheres and
use them to solve real-world and mathematical problems.

Table A – Measurement Techniques Evaluated for Experimenting

Variables Used
Controls
Brand of gum
Test subjects
Room temperature &
conditions
Testing methods

Discussion of Results
This project had three parts:
Which brand of gum produced the biggest bubbles for testing and data
collection? What gum bubble measurement techniques produced the most reliable
data? How could gum bubbles be compared and analyzed mathematically?
(Not all graphs are on the board. They are included in the optional upload of data.
Phase one testing looked at what brand of gum would be best for the
experiments. Six brands were tested with the results being shown in Graph 1,
Gum Brand vs. Average Circumference of Bubbles. Based on phase I, Double
Bubble was determined to be the best choice and was used for the remainder of
the trials.
Phase two tested different ways to measure bubbles to determine which
techniques worked best. See Table A: Measurement Techniques Evaluated for
Experimenting. Frozen bubbles deformed if they were touched and often popped
after being frozen so were not available for testing. Calipers stuck to and popped
the bubbles. Grids were hard to see the measurements and it was difficult to get
the right angle to see all of the dimensions at once. The iOS Measure app had
variations due to leveling. The main problem was distance, whenever you moved
it, the measure changed. Using a bicycle pump to produce bubbles would
frequently pop the bubble or fail to inflate it at all. The two measurement
methods selected were wrapping string around bubbles for circumference and
holding a ruler up and taking a picture to capture the bubble at its biggest size
before it popped. These methods were easier to use because they didn’t pop the
bubbles and both circumference and diameter could be measured quickly and at
the same time. These methods were used for the remainder of the different trials
taken.
It was observed that most bubbles were NOT spheres based on diameter and
height measurements and photo evidence.
Phase three looked at mathematical analysis of bubbles blown using the
combination of methods chosen in phase two. Data on Graphs 2 & 3 show
measured and calculated circumference and diameter of gum bubbles from
student 1 (Graph 2) and 2 (Graph 3in optional upload) to check for consistency
between measured and calculated values. The lines on Graphs 2 & 3 have
similar shapes when comparing measured and calculated values. The errors
appears larger with the exaggerated peaks for circumference due to the
multiplication of diameter by π which also multiplies the error by π.

Independent
Amount of gum
Time chewed
Mass
Radius when comparing
volume and surface area
Dependent
Volume
Surface Area
Circumference
Diameter (Lengths, widths)
Radius

Results Discussion
Most bubbles were NOT spheres based on diameter and height
measurements and photo evidence.
Graphs 4 and 5: Calculated Surface Area and Volume from Measured
Circumference compares surface area and volume for gum bubbles with
different radii. Volume was expected to be larger than surface area but
sometimes surface area is larger. When the radius exceeds 3 the volume
gets larger than surface area and continues to get exceed the surface. This
happens because the surface area is squared and the volume is cubed. When
the radius is less than 3 the surface area exceeds the volume because the
coefficient for surface area is 4π and the coefficient for volume is (4/3)π
The rapid increase of the curve after radius exceeds 3 illustrates how r3
overpowers r2.
A second graph in the optional upload shows the same intersection between
the curves even though Student 2 tends to blow larger bubbles than Student
1 because it depends on the formulas for surface area and volume.

At the end of the research, gum properties such as elasticity and sugar loss,
were briefly examined. Gum characteristic observations noted that as the
gum aged the consistency was harder, the gum did not stretch or inflate as
large, and the sound changed when they popped. Graph 6: Average Stretch
vs. Number of Pieces of Gum shows the difference in elasticity(stretch)
between the number of pieces of gum and chewing time. The newly
chewed gum for one piece had the most elasticity but older pieces always
had much less stretch than newer pieces.

Graph 7: Average Mass Lost in Old & New Chewed Gum looked at the
change in mass for gum age and number of pieces. The older gums had the
largest loss of mass. Regardless of the number of pieces, about 70% of mass
was lost during chewing time (Graph 8 - in the optional data upload). Since
one piece of gum is 4/5 sugar, it's assumed that the loss was due to sugar
being dissolved and swallowed. Work was done with the volume formula
for an ellipsoid to see how the volume changed if three measurements had
been taken to more accurately measure bubbles in 3 dimensions instead of
assuming they were spheres. Graph 9 used the length measurement as the
radius on the X axis since that’s what was used for the majority of the trials
as the diameter. Graph 10, in the optional data upload, used the average
radius to even out any of the extremely elongated measurements. The
calculated volume when assuming the gum bubbles are spheres is much
larger than using the 3 different measurements. When the 3 measured radii
were averaged to find the volume the curve is very similar to the volume
calculation when the separate values were used.
Conclusions:
• Measurement technique had a big impact on the quality and quantity of
data collected. The two best measurement methods for measuring gum
bubbles were wrapping string around bubbles for circumference and
holding a ruler up, taking a picture to capture the ruler and the bubble at
its biggest size before it popped.
• Most bubbles were NOT spheres; they were ellipsoids based on diameter
and height measurements and photo evidence.
• Surface area and volume of a sphere are equal when the radius equals 3
units. This is because the coefficient used in the surface area formula is
larger than the coefficient used in the volume formula. Once the radius
exceeds 3, the impact of exponential growth causes the volume curve
which is cubed to increase its separation from the surface area curve
which is squared.
• Newer pieces of gum had much more stretch than the older pieces of
gum since the older pieces got harder. It is assumed that the loss was due
to sugar being dissolved and swallowed.
Future Work
Investigate density of gums, other types of “spheres” besides gum, like soap
bubbles, basketballs, balloons.
Explore the use of more statistical formulas with the data such as standard
deviation and error.
Practical Application
Use activities like collecting gum as an engaging and fun way to teach and
learn math.

