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Starship Gaia

We began our theme of meas-
urement and modeling in
the October issue of L&L

with scale models of two famous flying
machines: Snoopy’s Sopwith Camel
and the Red Baron’s Fokker DR.1
(Albrecht & Davis, 2000). We also
suggested playing with scale models
of other objects you can see here,
there, everywhere on Gaia, such
as scale model cars.

This time we’ll move out a few
orders of magnitude into Gaia’s neigh-
borhood, the solar system. This pre-
sents a problem—the distances of the
planets from the Sun are enormously
larger than the sizes of the planets. If
you make a scale model of the solar sys-
tem that fits into your classroom, the
planets will be too small to see. If you
choose a convenient scale to show the
relative sizes of the planets, your solar
system model will stretch out the door,
beyond the school grounds, and over
the hills past Red Riding Hood’s
grandma’s house. Neptune and Pluto
may be in the next county. To illustrate
this type of scale problem, let’s bring it
down to Earth.

A Scale Model of Sonoma County
We live in Sonoma County, California.
It is 103 kilometers “wide” from west
to east and 87 kilometers “high” from
south to north. Posted in Bob’s resi-
dence and Paul’s classroom are U.S.
Geological Survey (www.usgs.gov)
topographical maps of the county. For

information about maps of your neigh-
borhood, visit these Web sites:

• USGS National Mapping Informa-
tion—Home Page (http://mapping.
usgs.gov)

• USGS Online Map Lists—Home
Page (http://mapping.usgs.gov/mac/
maplists/index.html): View a list of
maps for your state or your longitude
and latitude.

• USGS Pricing Information for Maps
(http://mapping.usgs.gov/esic/
prices/maps.html)

• USGS Business Partners—Map
Retailers (http://mapping.usgs.gov/
esic/usimage/dealers.html): Get a list
of places to buy maps in your state.

Our Sonoma County maps are
1:100,000 scale. One centimeter on the
map represents 100,000 centimeters in
Sonoma County. One hundred centi-
meters equals 1 meter, so 1 centimeter
on the map represents 1,000 meters,
or 1 kilometer, in Sonoma County.

We didn’t understand everything we
thought we knew about map scales so
were happy to find these Internet sites:

• SSU Geographica—Scale
(www.sonoma.edu/GIC/
Geographica/MapInterp/
Scale.html): This terrific tutorial
contains just about everything we
need to know about map scales.

• Map Scale Reference Page (http://
idaho.usgs.gov/reference/map_
scales.html): Here is a very useful

table of map scales showing the real-
world distances represented by one
centimeter and one inch on the map.

Building a scale model of your neigh-
borhood is a great classroom project,
so we thought about constructing a
1:100,000 scale model of Sonoma
County replete with scale model build-
ings, vehicles, people, et cetera, et
cetera. Alas, that doesn’t work—the
scale model vehicles, people, and
ordinary-sized buildings are too small.
For example, a small car is approxi-
mately four meters long. A 1:100,000
scale model of this car is 0.00004
meters (0.04 millimeters) long, smaller
than an amoeba or paramecium. You’ll
need a microscope to see it.

Well, we still think it’s a good
project. Our scale model will feature
hills, dales, lakes, rivers, and other won-
ders of nature in beautiful Sonoma
County. We encourage you to make
maps and other scale models of your
classroom, school grounds, neighbor-
hood, town, city, county—wherever.
You’ll find lots of help at

• Eyes on the Sky, Feet on the Ground:
Chapter Four (http://hea-www.
harvard.edu/ECT/the_book/
Chap4/Chapter4.html)

• SNAP Shots (www.stolaf.edu/other/
snap/nlf99map.html)

• Mobile Aeronautics Education
Laboratory’s (MAEL) Mapping Your
School Yard (www.lerc.nasa.gov/
WWW/MAEL/ag/mapyard.htm)
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Scale Models of the Sun,
Planets, and Moon
Making scale models of the Sun, the
planets, and the Moon is a splendid ac-
tivity for learning and teaching about
fractions, ratios, proportions, geometry,
and the solar system. The planets and
the Moon are roundish objects, so
circles and spheres are appropriate
models (Figure 1). Table 1 shows the
diameters of the Sun, the planets, and
the Moon in kilometers, Sun diameters
(D/DS), and Earth diameters (D/DE).

An easy way to model the relative
sizes of the Sun, planets, and Moon is
to cut circles out of paper or cardboard.
Suppose you make a model Sun that is
1 meter (1,000 millimeters) in diam-
eter. You can quickly calculate the scale
diameters of the other solar objects
from the column labeled “D/DS” in
Table 1. This is the ratio of an object’s
diameter to the Sun’s diameter. Earth’s
scale diameter is approximately 9 milli-
meters (0.9 centimeters), and Jupiter’s is
approximately 100 millimeters (10 cen-

timeters). You might display the scale
model planets to the right of the Sun or
on the Sun along a diameter.

Or start with a scale model Earth
that has a diameter of 1 centimeter.
You can quickly calculate the scale
diameters of the other solar objects
from the column labeled “D/DE” in
Table 1. This is the ratio of an object’s
diameter to the Earth’s diameter. For
example, the Sun’s scale diameter is
109 centimeters, Mars’s scale diameter
is 0.53 centimeter (approximately 5
millimeters), and Jupiter’s scale diam-
eter is 11 centimeters.

We’ve collected a bunch of spher-
ical objects that might be used as scale
models of Solar System objects. Table
2 shows their approximate diameters
in millimeters (mm). Choose an object
to represent Earth and then find other
objects that have the appropriate rela-
tive diameters to represent the planets
and the Moon. For example, the ratio
of Mars’s diameter to Earth’s diameter
is approximately 0.53 (Table 1). Use
a blue 48mm sphere to represent
Earth and a red 25mm sphere to
represent Mars:

(25 mm)/(48 mm) = 0.52.
Mighty close!

Venus’s diameter is 0.95 Earth diam-
eter. That’s very close to 1.0, so use a
48mm sphere to represent Venus. The
Japanese word for Venus is “Kinsei,”
which means “gold star,” so a gold or
yellow sphere might be a good choice
for Venus.

The Moon’s diameter is 0.273 Earth
diameter. What is the diameter of a
scale model Moon? Let’s calculate:

0.273(48 mm) = 13.1 mm.
A 12.7mm sphere is right on!

While looking for spherical
stuff in various catalogs, we noticed
that Edmund Scientifics (www.
scientificsonline.com) has heavy-
duty balloons that you can blow up
to 1-meter (1000-millimeter) diameter.
Use one to model the Sun, and use the
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Figure 1. Graphic courtesy of Welcome to the Planets (http://pds.jpl.nasa.gov/planets).

Table 1. Diameters of Solar System objects.

Data source: National Space Sciences Data Center
Sun Fact Sheet (http://nssdc.gsfc.nasa.gov/planetary/factsheet/sunfact.html)
Planetary Fact Sheets (http://nssdc.gsfc.nasa.gov/planetary/planetfact.html)

D = diameter
DS = diameter of Sol (the Sun)
DE = diameter of the Earth

Object D (km) D/DS D/DE

Sol 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
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data in Table 1 to select objects to
model the planets (an object within
10% of the correct diameter is close
enough). For example:

• Mercury : 4mm BB shot or bead
• Earth : 10mm bead or marble

(We’ll look for a 9mm sphere.)
• Jupiter : 97mm softball
• Neptune : 35mm sphere or

38mm table tennis ball

Scale Models of Orbits
The planets go ’round and ’round the
Sun in elliptical orbits. Table 3 shows
the average distances of planets from
the Sun in kilometers and astronomical
units (AUs). One astronomical unit
(AU) is equal to 149.60 million kilo-
meters (149.60E6 km), the average dis-

tance of Earth from the Sun. Astrono-
mers love AUs. Kilometers are shown
in ordinary notation (149,600,000)
and exponential notation used in com-
puters and calculators (149.60E6).

Let’s model the distances of the plan-
ets from the Sun. If you choose a scale
of 1 meter : 1 AU, then the scale dis-
tances are: Mercury 0.39 m (39 cm),
Venus 0.72 m (72 cm), Earth 1.0 m
(100 cm), Mars 1.52 m, Jupiter 5.2 m,
and so on. The drawback to this scale is
that the planets are too small to be shown.
Earth’s scale diameter is 8.52E-5 m =
0.0852 mm. That’s okay—put a pic-
ture of the planet at each planetary
distance with a “not to scale” note.

Using this scale, if your classroom
is 5.2 m long, Jupiter is inside. Saturn
and beyond are out yonder on the play-
ground. Pluto is 39 meters away from
your not-to-scale but beautifully de-
signed Sun.

We bought a 1.5-meter (150-
centimeter) retractable tape measure
from Nasco (www.nascofa.com) for
$3.35. This takes us out to Mars. We
marked the positions of the planets
on the tape, so now we have a handy
pocket Solar System distance model

Starship Gaia

of the inner planets: Mercury, Venus,
Earth, and Mars. A 10-meter windup
tape costs $9. This takes us out to Sat-
urn. A 30-meter windup tape costs
$17. On to Neptune! Add 9 meters
at the end to get to Pluto. A metric
trundle wheel costs $20. One turn
of the wheel is 1 meter, or 1 AU using
our scale factor of 1 m : 1 AU. Trundle
wheels are fun to use.

If you don’t want to invest in tape
measures and trundle wheels, buy 39
meters of skinny rope and put tags on
the rope at the locations of the Sun and
the planets. On each tag, put a picture
of the planet with a “not to scale” note.

Put the Sun somewhere on your
school grounds. The flagpole might be
a good choice. Choose a scale and draw
the orbits of the planets on a map of
your town. Then go to appropriate
places and post pictures and informa-
tion about the scale model planet that
passes through each place.

• Small town: 10 m : 1 AU. Earth is
10 m and Pluto is 390 m from the
Sun.

• Larger town: 100 m : 1 AU. Earth
is 100 m and Pluto is 3,900 m
(3.9 km) from the Sun.

Table 2. Diameters of spherical
objects we have collected.

Spherical object Approximate diameter (mm)

BB shot 4

Beads 4, 6, 8, 10, 12, 14, 16, 18, 20

Soybeans 6 to 8 (our sample)

Marbles 10, 16, 25

Styrofoam balls 12.7, 25.4, 38.1, 50.8, ..., 127

Wooden balls 12.7, 25.4, 38.1, 50.8, 63.5

Bouncing balls 22, 25, 33, 35, 38, 41, 48, 51

Table tennis ball 38

Squash ball 40

Golf ball 43

Billiard ball 52

Racquetball 57

Tennis ball 65

Cricket ball 72

Baseball 74

Croquet ball 89

Softball, smaller 89

Softball, larger 97

Soccer ball, small 180

Soccer ball, large 220

Basketball 240

Beach ball 360

Punch ball 410

Table 3. Average distances of planets from the Sun.

Data source: National Space Sciences Data Center Planetary Fact Sheets
(http://nssdc.gsfc.nasa.gov/planetary/planetfact.html)

Orbital radii

Object Kilometers Kilometers AU

Mercury 57,910,000 57.91E6 0.387

Venus 108,210,000 108.21E6 0.723

Earth 149,600,000 149.60E6 1.000

Mars 227,920,000 227.92E6 1.524

Jupiter 778,570,000 778.57E6 5.204

Saturn 1,433,530,000 1433.53E6 9.582

Uranus 2,872,460,000 2872.46E6 19.201

Neptune 4,495,060,000 4495.06E6 30.047

Pluto 5,869,660,000 5869.66E6 39.236

Starship Gaia continued on page 57.
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• Metropolis: 1,000 m (1 km) : 1 AU.
Earth is 1,000 m and Pluto is 39,000
m (39 km) from the Sun.

• County or state: 10,000 m (10 km) :
1 AU. Earth is 10 km from the Sun
and Pluto is probably in the next
county.

Approximating the orbits with
circles is okay, unless you insist on
being mathematically correct. Except
for Pluto, we’ll go with circular orbits
of radii equal to the average distances
of the planets from the Sun. Pluto’s or-
bit is very eccentric. It crosses the orbit
of Neptune, so sometimes Neptune is
the farthest planet from the Sun.

To see where the planets are now or
at any date and time you choose, go to
Solar System Live (www.fourmilab.ch/
cgi-bin/uncgi/Solar). Here you’ll see a
diagram showing the current locations
of the planets and their orbits. Enter a
date and see where the planets are on
that date. We went to Solar System Live
and entered settings to obtain the Solar
System diagram shown in Figure 2. It
shows the Solar System for the date
2001-01-01 and time UTC 00:00:01
(1 second after midnight) relative to
our observing site of 38°26' North lati-
tude, 122°44' West longitude. Note: To
change the date and time, select UTC
and enter the date and time. To get a
diagram that shows the orbits accu-
rately, select Real in the Orbits section.
To get a larger map, change the Size
from 320 to 480 or 640.

At Solar System Live, you can see
where the planets are every day, so
make a big poster of the orbits and at-
tach small pictures of the planets in
their orbital positions. Every day or so,
move the pictures of the planets to their
current orbital positions. To do this ac-
curately, copy the Solar System Live
diagram into a graphics editor, enlarge
it, and print it. Before printing it, re-
verse the colors to get rid of that toner-
gobbling black background!

During part of the year, you can see
Mercury, Venus, Mars, Jupiter, and Sat-

urn in the sky. Make a big poster show-
ing only these planets and Earth. As de-
scribed previously, move small pictures
of the planets into their orbital loca-
tions every day or so. You can learn a
lot about where the planets are in
Earth’s sky and how they move in their
journey around the Sun. For example,
you can learn where and when to look
for these planets. You can estimate
when they rise in the east and set in the
west. And, you’ll see that a planet closer
to the Sun moves faster than a planet
farther from the Sun.

Your Turn
Make your own models of the solar
system. For lots of inspiration and
information, go to:

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

• A Solar System Scale Model Meta
Page (www.vendian.org/mncharity/
dir3/solarsystem)

• Scale in the Solar System (http://
lyra.colorado.edu/sbo/mary/Scale):
Mary Urquhart’s stuff. Dr. Urquhart
is a Caltech Postdoctoral Scholar
working with Dr. Sue Smrekar at

NASA’s Jet Propulsion Laboratory on
projects related to the Deep Space 2/
Mars Microprobe Mission. Activities
are arranged by grade level.

We’ll continue designing solar sys-
tem models next time. See you in orbit.
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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
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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
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Figure 2. Graphic courtesy
of Solar System Live

(www.fourmilab.ch/cgi-
bin/uncgi/Solar).
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