
Subject: Science, math

Audience: Teachers, teacher
educators

Grade Level: 5–12 (Ages 11–18)

Technology: Internet/Web,
spreadsheet software

Standards: NETS•S 3, 5. (Read
more about the NETS Project at
www.iste.org—select Standards
Projects.) NCTM 1, 2, 4. (Read the
math standards at www.nctm.org.)
NSES Grades 5–8: A1, A2, D3.
Grades 9–12: A1, A2. (Read the
science standards at http://bob.
nap.edu/readingroom/books/
nses.html.)

Zounds! Another school year
begins and so does our second
year of Starship Gaia. We

greatly appreciate the opportunity to
share our adventures in learning with
all of you.

This year our major theme is mea-
surement and modeling. We think
measurement and modeling represent:

• a big chunk of the foundation of
science,

• a great way to learn and teach math,
• a terrific tool for intertwingling math

and science.

We’ll begin with models you can see,
touch, and play with, such as scale
model airplanes and cars. Then we’ll
move out a few orders of magnitude
and encourage you to create models of
Gaia’s neighborhood, the solar system.
After that we’ll wrestle with conceptual
and mathematical models of real and
imaginary objects, concepts, theories,
wild conjectures, and so on. You’ll love
our mathematical models of machine
screws in a later column.

Snoopy and the Red Baron
We live in Sonoma County, California,
home of one of Gaia’s most wonderful
people, Charles Schulz, creator of PEA-
NUTS™. He died February 12, 2000.
The first PEANUTS™ comic strip ap-
peared October 2, 1950, and the last
one ran February 13, 2000. Thank you,
Charles Schulz, for 50 years of inspira-
tion and entertainment. We miss you,
and we’re sad that there will be no new
adventures of Snoopy, Charlie Brown,
Lucy, Linus, and the rest of the PEA-
NUTS™ gang. We’ll remember and re-

read the treasures you left us and
visit The Official PEANUTS™

Web site—Snoopy, Charlie Brown
and Friends (www.snoopy.com).
Farewell, Charles Schulz.

Alas, we’ll never know if Snoopy will
someday defeat the Red Baron. How-
ever, we can relive those encounters in
the PEANUTS™ archives and simulate
their heroic duels using scale models of
Snoopy’s and the Red Baron’s flying
machines. Perhaps you recall that the
Red Baron flew a Fokker DR.1 (DR
for dreidecker or triplane—Figure 1).
Snoopy flew a Sopwith Camel (cleverly
disguised as a doghouse—Figure 2). We
found lots of information about these
aircraft on the Internet.

Fokker DR.1
(www.theaerodrome.com/aircraft/
germany/fokker/dri.html)

Sopwith Camel
(www.theaerodrome.com/aircraft/
gbritain/sopwith/camel.html)

Table 1 displays data gleaned from
the two sites. Sorry, we were unable to
obtain similar information about
Snoopy’s doghouse.

What is a scale, and what scale mod-
els of the Fokker DR.1 and Sopwith
Camel might exist?

A scale is a relationship between a
linear measurement on the scale model
and the corresponding measurement
on the actual object. A scale may be
expressed as a verbal scale, a ratio, or
a fraction.

• Verbal scale: One centimeter on the
scale model represents 72 centimeters
on the actual object. One meter on
the scale model represents 72 meters
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Starship Gaia

on the actual object. Choose your
measurement unit. One of your units
on the scale model represents 72 of
your units on the actual object.

• A ratio scale can be represented using
a colon: 1:72.

• A fraction scale can be represented by
the fraction: 1/72.

We flew a reconnaissance mission
into the Internet and found Plastic
Model Airplanes (www.internethobbies.
com/internethobbies/inplasmodair.
html).We clicked on the <Search>
button and searched for the two
planes. Eureka! The Fokker DR.1 is
available in 1:72, 1:48, and 1:28 scales,
and the Sopwith Camel in 1:72, 1:48,
and 1:32 scales.

For a given object, a 1/72 scale
model is smaller than a 1/48 scale
model and is generally less expensive.
We decided on 1/72-scale models that
will fit easily into our backpacks. What
are the sizes of these model airplanes?
Let w represent the wingspan of the
scale model, and W represent the wing-
span of the actual airplane. To calculate

Figure 2. Sopwith Camel. Graphic
courtesy of  the Canadian Airforce.

Figure 1. Fokker DR.1. Graphic courtesy
of  AVIAWEB.

October 2000 Learning & Leading with Technology 33

Copyright © 2000, ISTE (International Society for Technology in
Education), 800.336.5191 (U.S. & Canada) or 541.302.2777 (Int'l),
iste@iste.org, www.iste.org. All rights reserved.

Table 1. Data for the Fokker DR.1 and Sopwith Camel Airplanes

Fokker DR.1 Sopwith Camel

Wingspan (m) 7.91 8.53

Length (m) 5.77 5.69

Height (m) 2.95 2.59

Empty mass (kg) 405 403

Gross mass (kg) 586 645

Maximum speed (km/h) 165 190

Ceiling (m) 6,100 5,791

Endurance (h) 1.5 2.5

Table 2.  Actual Sizes and Scale Sizes of the Fokker DR.1 and Sopwith Camel

Actual sizes Fokker DR.1 Sopwith Camel

Wingspan (cm) 791 853

Length (cm) 577 569

Height (m) 295 259

1/72 Scale sizes

Scale wingspan (cm) 11.0 11.8

Scale length (cm) 8.0 7.9

Scale height (cm) 4.1 3.6
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the value of the scale model’s wingspan
w, multiply the value of the actual
wingspan W  by the scale fraction 1/72.

Scale model wingspan: w = (1/72)W.

We want the value of w in centime-
ters, so we’ll express W  in centimeters.
The Fokker DR.1’s wingspan is 7.91
meters, or 791 centimeters.

Fokker DR.1: w = (1/72)(791 cm) =
10.9861111 cm ≈ 11 cm.

Let’s do it again using the ratio 1:72.
You may see this problem written as
w:W :: 1:72 or w: W = 1:72, which
mean “w is to W as 1 is to 72.” To solve
this type of ratio problem, rewrite it as:

w/W = 1/72

Solve the equation for w, and you’ll
have an equation that is equivalent to
the one shown previously for the 1/72
fraction scale. Table 2 shows actual sizes
and scale sizes of 1/72 scale models of
the Fokker DR.1 and Sopwith Camel.

We wonder how tall Snoopy is in
1/72 scale. That begs the question, how
tall is Snoopy? We looked for this infor-
mation but didn’t find it. However, we
did find a cartoon of the PEANUTS™

gang with Snoopy standing next to
Charlie Brown at Kids Sites (www.
ivnet.com/Kids_Sites/kids_sites.
html). Aha! If we knew Charlie
Brown’s height, we could measure
him and Snoopy in the cartoon and
use a ratio to calculate Snoopy’s height
(Figure 3). We didn’t find Charlie
Brown’s height but learned that he is
probably 7 or 8 years old. More Inter-
net snooping revealed that the average
height of an 8-year-old boy is about
127 centimeters. We’ll go with that
height for Charlie Brown.

We copied the cartoon from the
Internet site, pasted it into a graphics
editor, enlarged it, and printed it. On
the printed copy, Charlie Brown stands
8.6 centimeters tall, and Snoopy is 5.0
centimeters tall. The ratio of Snoopy’s
height to Charlie Brown’s height is (5.0
cm):(8.6 cm), or 50:86. Expressed as a
fraction, this ratio is 50/86, so Snoopy’s
height is 50/86 times Charlie Brown’s
height. Assuming that Charlie Brown’s
height is 127 centimeters, we calculate

• Snoopy’s height = (50/86)(127 cm) =
73.8 cm.

• Snoopy’s scale height is (1/72)(73.8
cm) = 1.0 cm.

Now where do we find a 1-cm tall
scale model of Snoopy? If you find one
or make one, please share!

Your Turn
Try your hand at these scale model ac-
tivities. A spreadsheet is a great tool for
calculations about these toys. As Bernie
DeKoven once said, “When tools be-
come toys, then work becomes play.”

1. Verify the scale sizes shown in
Table 2. Calculate the scale wing-
span, length, and height for each
airplane. Think spreadsheet! Put
the scale (= 1/72) in a spreadsheet
cell and use it in the formulas that
calculate the scale sizes. Then you
can calculate the sizes to another
scale (for example, 1/48) by chang-
ing only one spreadsheet cell.

2. An airplane’s ceiling is the maxi-
mum altitude that the airplane can
reach. Calculate the scale ceiling
for each airplane in meters and
centimeters. If you created a
spreadsheet for activity 1, add these
calculations to your spreadsheet.

3. When we were kids (and more re-
cently), we “flew” model airplanes
by hand while making appropriate

Starship Gaia

Figure 3. PEANUTS™ reprinted by permission of United Feature Syndicate, Inc.
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airplane sounds. Suppose you “fly”
your scale model airplane at an
altitude of one meter above your
playground. What is the corre-
sponding altitude of the full-size
plane? If you created a spreadsheet
for activity 1, add these calcula-
tions to your spreadsheet.

4. Calculate the scale maximum
speed of each airplane in kilome-
ters per hour, meters per hour,
meters per second, and centimeters
per second. If you created a spread-
sheet for activity 1, add these calcu-
lations to your spreadsheet. Can
you “fly” a model plane in your
hand at, for example, one meter
per second?

5. Do all of the calculations in activi-
ties 1 through 4 for 1/48 scale. If
you used a spreadsheet for the pre-
vious calculations, simply change
the value of the cell that holds the
scale. Serendipity!

6. How tall are you in centimeters?
How tall is a 1/72-scale model of
you? How tall is your 1/48-scale
model? How tall is your 1/6-scale
model? Your 3/2-scale model? How
tall is a King Kong–size model of
you? To answer that last question,
find King Kong’s height.

7. Investigation. How tall is the Red
Baron? What is his scale height?

8. Investigation. Create a scale model
of Snoopy’s aerodrome (British for
airport). In addition to airplanes
and Snoopy, include hangars,
other buildings, trees, cars, trucks,
and so on. All to scale, of course.

9. Investigation. Create a scale model of
the Red Baron’s flughaven (German
for airport), the same as you did in
activity 8. All to scale, of course.

10. Investigation. You can find model
cars in several scales in a toy or
hobby store. A popular scale for
small model cars is 1/43, and there
are several other scales. The annual
auto issue of Consumer Reports lists
the length, width, and height of
the new cars for that year. You can

find this and previous issues of
Consumer Reports at your neighbor-
hood library. You can also find this
type of data on the Internet. Grab
data for a bunch of cars and create
a spreadsheet to calculate their scale
lengths, widths, and heights. Put
the scale (for example, 1/43) in a
cell so you can change only this cell
to calculate scale sizes to any scale.
If you can find scale models of the
cars you selected (same scale), com-
pare your calculations with mea-
surements on the scale models.

11. Investigation. The index of our
Nasco Science Catalog (www.
nascofa.com) lists 45 pages of
models, including animal cells,
animal tracks, atoms, crayfish,
earthworms, DNA, engines, frogs,
grasshoppers, plant cells, rockets,
Visible Man and Woman, and hu-
man eyes, brains, hearts, and skel-
etons. Some models are smaller
than the actual object (human
skeleton), and some are larger
(animal cell, DNA, grasshopper).
Select objects such as those listed
in the Nasco catalog, or other ob-
jects of your choice, and choose
appropriate scales for them.

Scale Models of the Solar System
The solar system is big—very big. The
distances of the planets from the Sun
are enormously larger than the sizes
of the planets. For example, the dis-
tance of Earth from the Sun is about
12,000 times Earth’s diameter, and
Pluto’s distance from the Sun is about
461,000 times Earth’s diameter. If you
make a scale model of the solar system
that fits into your classroom, the plan-
ets will be too small to see. Well, that’s
OK—you can make one scale model
that shows distances to scale and a dif-
ferent scale model that shows the rela-
tive sizes of the Sun and the planets.
You can expand into the playground,
the neighborhood, and beyond to
make bigger models.

Starship Gaia

Continued on page 39.
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Table 3. Diameters of Solar System Objects

D = diameter

D  = diameter of Sun

D⊕  = diameter of Earth

Object Symbol D (km) D / D D / D⊕

Sun 1,392,000 1.000 109.2

Mercury 4,879 0.00351 0.383

Venus 12,104 0.00870 0.950

Earth 12,742 0.00915 1.000

Moon 3,475 0.00250 0.273

Mars 6,780 0.00487 0.532

Jupiter 139,822 0.10045 10.973

Saturn 116,464 0.08367 9.140

Uranus 50,724 0.03644 3.981

Neptune 49,248 0.03538 3.865

Pluto 2,390 0.00172 0.188

Table 4.  Average Distances of the Planets from Sol
and the Moon from the Earth

1 AU = average distance of the Earth from the Sun =
149.60 x 10

6
 kilometers.

Object Symbol R (106 km) R (AU)

Sol

Mercury 57.91 0.387

Venus 108.21 0.723

Earth 149.60 1.000

Moon 0.3844*

Mars 227.92 1.524

Jupiter 778.57 5.204

Saturn 1,433.53 9.582

Uranus 2,872.46 19.201

Neptune 4,495.06 30.047

Pluto 5,869.66 39.236

* Distance of the Moon from the Earth.

Figure 4. Graphic courtesy of  Welcome to the Planets (http://pds.jpl.nasa.gov/planets/). Figure 5. Graphic courtesy of Solar System Live
(www.fourmilab.ch/cgi-bin/uncgi/Solar).
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Figure 6. Graphic courtesy of An Overview of the Solar System (www.seds.org/billa/tnp/overview.html#ter_p).

Starship Gaia

People have constructed scale mod-
els of the solar system that stretch over
large land areas. The Sun, planets, and
distances are all to the same scale. You
can tour these models by walking,
riding a bike, or driving to the scale
model planets. You can visit these scale
models on the Internet. Here are some
we found—listed in order of increasing
scale fraction.

• The Colorado Model Solar System
(http://dosxx.colorado.edu/~kachun/
homelabs/COSS/ColoradoSS.html).
Scale: 1/10,000,000,000. In this scale
model, the Sun is 14 centimeters in
diameter, and Pluto is about 587
meters from the Sun. You’ll find lots
of learning and teaching activities at
this site.

• Sagan Planet Walk (www.sciencenter.
org/SaganPW/index.html). Scale:
1/5,000,000,000. The scale model
of the Sun is 27.8 centimeters in
diameter. The model Earth is 30
meters from the model Sun and is
2.5 millimeters in diameter.

• The Eugene, Oregon, Scale Model
Solar System (http://garcia.efn.org/
~jack_v). Scale: 1/1,000,000,000.
In this model, the Sun’s diameter is

139 centimeters. Jupiter is 778
meters from the Sun, and its diam-
eter is 14.3 centimeters.

• Community Solar System (www.
mos.org/sln/wtu/css.html). Scale:
1/400,000,000. The Sun is at the
Charles Hayden Planetarium in
Cambridge, Massachusetts, and is
3.5 meters in diameter. Mars is 0.57
kilometers across town, an easy 15-
minute walk. (What is your average
speed if you walk 0.57 kilometers in
15 minutes?) To visit Pluto, you’ll
walk about 15 kilometers. Or take
the bus?

Next time we’ll bombard you with
ideas about making solar system mod-
els. In the meantime, check these In-
ternet sites for information about the
solar system.

• Overview of the Solar System
(www.seds.org/billa/tnp/
overview.html#ter_p)

• Solar System Live
(www.fourmilab.ch/solar/solar.html)

• Interactive Solar System (http://
liftoff.msfc.nasa.gov/academy/space/
solarsystem/solarsystemjava.html)

Use information from the above sites
and your own good thinking to make a

model of the solar system. Then visit
Mary Urquhart’s Scale in the Solar
System (http://lyra.colorado.edu/
sbo/mary/Scale). You’ll find activities
by grade levels including:

• Teacher Guide
• Student Handout
• Size Table
• Distance Table
• Alignment to Standards:

• National Science Education
Standards for K–8

• National Mathematics Content
Standards for K–4 and 5–8

To help you get started, we have
prepared Tables 3 and 4 using data
from the National Space Sciences
Data Center Sun Fact Sheet (http://
nssdc.gsfc.nasa.gov/planetary/
factsheet/sunfact.html) and Planetary
Fact Sheets (http://nssdc.gsfc.nasa.gov/
planetary/planetfact.html). We’ll listen
for the music of the spheres as your
model planets go ’round and ’round
your model Sun.

Bob Albrecht (dragonfun@aol.
com) is a writer and developer
of science, math, and technol-
ogy curricula. George Firedrake
is his alter ego and takes the
form of a dragon. Laran

Stardrake, whose quotes sometimes lead off this
column, is another of Bob’s “accomplices.” She’s
half-dragon and half-human. As Laran is fond
of saying, “Reality expands to fill the available
fantasies.” The DragonFun image is from an
original painting by Marcy Kier-Hawthorne.

Paul Davis (ctec1@mchs.srcs.
k12.ca.us) is a mathematics
teacher at Maria Carrillo High
School in Santa Rosa, Califor-
nia. He was a happy, normal
teacher until he met Bob
Albrecht and George Firedrake

in 1992 and became another one of their accom-
plices. Since then, Paul has been intertwingling
math, science, and technology in his classroom
with the help of Bob and George.
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