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PrefaeBuilding models is an enjoyable ativity for many peo-ple, and for my family in partiular. It lets you see uplose and hold in your hands the objet of your inter-est. The more realisti it is, the more it seems you reallyhave aptured something of the objet itself. Building amodel to sale helps you reate a more realisti model.This pamphlet is written to help you understand howto build a sale model.In order to understand how to build a sale model you'llhave to know how to:
• Add, subtrat, multiply, and divide numbers in-luding multidigit multipliation and division
• Form a fration and know what it means
• Write and solve a simple equation
• Round numbersDon't worry if you don't already know these things. Ifyou are really interested you'll be able to learn themon the way (perhaps with some help from someone whoalready knows them, maybe all on your own from this



pamphlet or one of the referenes at the end of the pam-phlet). If you ome aross something you don't under-stand, try to read ahead for a page or two and see if itlears up. If not, ask someone.My hope is that after reading this you will feel as thoughyou too an start building sale models of some of thenifty things that inspire you, and that this may leadyou to build marvelous new things to put in the world.AknowledgmentsWithout the exiting Third Grade Bridge Projet andsupport and enouragement of the marvelous faulty,sta�, and parents of students of Bridlemile Elementaryin the Portland Publi Shool system, this partiularadventure might not have happened. Speial thanks toMary-Ann for support, enouragement, and feedbak,to Ellie for working through this with me, and to EllenPippenger for help making this more presentable.Furthermore, let me express my sinerest thanks to KathyNarramore, Natasha Dudley Busik, Alysa Williams,J.J. Morrow, and the 5th grade students at OregonEpisopal Shool for helping to work through all this.
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Chapter 1
Comparing Lengths
There are two fundamental ways to omparelengths. The �rst tells whih length is larger inan absolute sense: we use subtration to �ndthe di�erene. For example, we know that a2-inh ube will �t into a 6-inh ubi box with4 inhes to spare in eah of the 3 dimensions,sine 6 − 2 = 4. 1



2 CHAPTER 1. COMPARING LENGTHS

We all this an absolute omparison beausea 4-inh di�erene ould equally well apply tohow muh longer than your 4-inh poket your8-inh penil is.The other fundamental way to ompare lengthsuses division. The ratio of two numbers is onenumber divided by the other. We form the ra-tio of two lengths to �nd the relative sizes of thelengths. This tells us how many times bigger orsmaller one length is in terms of the other. Us-ing our box and ube example we an see that



33 ubes will �t into the box in eah dimension,beause
6

2
=

3 · 2

1 · 2
=

3

1
·

2

2
= 3 · 1 = 3

This is a relative omparison beause it givesan answer in terms of the size of the ube: thebox is 3 ubes long in eah dimension. It de�-nitely does not apply to the penil and poketwhere the penil is 2 times bigger than thepoket.



4 CHAPTER 1. COMPARING LENGTHSAnother way to think of a relative di�erene isas a sale fator. We would have to sale (ormultiply) the ube by a fator of 3 to make itas big as the box:
2 · 3 = 6As another example, suppose we have a smallmodel train and trak that looks quite similarto a real train and trak. Perhaps we are us-ing it to make a movie, and we now want toadd a bridge. Furthermore, suppose we havea partiular bridge in mind. Then we ouldmake a model bridge like the real one, but weneed to know how to sale the real one downto the model size. We would need to know thesale fator. Suppose that the model is 5 timessmaller than, or 1/5 the size of the real thing.Then we an write:

model_length =
1

5
· real_length



5An equation is like a balane with both sideshaving equal weight. As long as we do the samething to both sides to keep things balaned, theequation remains true. For example, we ouldadd 2 to both sides, or we ould subtrat 1from both sides and the equation remains true.If we add the left hand side to itself and theright hand side to itself the equation remainstrue. This would be the same as multiplyingboth sides by 2. Or we an multiply both sidesof this equation by 5 to get:
model_length · 5 = 5 ·

1

5
· real_lengthNow, sine �ve �fths (5 · 1/5) is just 1, andmultiplying any number by 1 leaves the numberunhanged, this is the same as saying that thereal bridge is 5 times bigger than the model:

model_length · 5 = real_lengthTry the following exerises before we talk moreabout saling in Chapter Two.



6 CHAPTER 1. COMPARING LENGTHSExerises1. Compare the following lengths using sub-tration to �nd the di�erene:
Length 1 Length 2 Length 1 - Length 212 321 724 810 5

2. Compare the following lengths using divi-sion to �nd the ratio:Length 1 Length 2 Length 1 / Length 212 321 724 810 5



EXERCISES 73. If a 55-inh line of dominoes staked end-to-end is made from 22 dominoes, how longis eah domino?

4. Sometimes it is helpful to see the same ratioas a simple fration, a ompound fration,and a deimal number. For example, theratio of 42 and 16 make the simple fration:
21

8
, the ompound fration 25

8
, and the de-imal 2.625. Find the simple fration, om-pound fration, and deimal for the ratio30/16.



8 CHAPTER 1. COMPARING LENGTHS5. If an 8.5 x 11-inh sheet of paper is madeup of 4 photos arranged in 2 rows and 2olumns, how big is a single piture? Whatsale fator would print one of the 4 photosas a whole sheet of paper?



Chapter 2
Saling
A fator is a number in a multipliation. Whenwe talk about saling something we mean mul-tiplying it by a number we all the sale fa-tor. We write this as the saling equation:

new_length = old_length · scale_factorWhen the sale fator is greater than 1, thesaling is an expansion or magni�ation andthe new length is bigger than the old length.When the sale fator is less than 1, the salingis a ontration or minituraization and the newlength is smaller than the old length.9



10 CHAPTER 2. SCALINGWe an solve the saling equation for the salefator by dividing both sides of the equation by
old_length:
new_length

old_length
=

old_length · scale_factor

old_lengthNext, sine anything times 1 is just itself, we'llreplae the old_length in the denominator onthe right hand side with old_length · 1:
new_length

old_length
=

old_length · scale_factor

old_length · 1Separate the right-hand side into the produtof two frations:
new_length

old_length
=

old_length

old_length
·

scale_factor

1And, sine any number divided by 1 is itself:
new_length

old_length
=

old_length

old_length
· scale_factor



11Sine any number divided by itself is 1, wedon't even have to know what old_length isto simplify further:
new_length

old_length
= 1 · scale_factor

Finally, sine any number times 1 is itself, wehave the sale fator equation:
new_length

old_length
= scale_factor

This tells us that a sale fator is a ratio: thenew length over the old length. Even though weould perform the division (see Chapter Five),for onveniene we will often use di�erent unitsfor new lengths and old lengths and the salefator will be more useful in its undivided form.We've used our knowledge of multipliation, di-vision, and frations to get this far and gone



12 CHAPTER 2. SCALINGover the alulations in detail to get here. Fromnow on we'll use a ommon abbreviation forthis alulation, skipping all but the �rst and�nal of the last 6 equations and just go from
old_length · scale_factor

old_length
to scale_factorin one step. We'll say that the old_length inthe numerator and the denominator anel.Now lets move on, and think about saling ob-jets. When all parts of an objet expand orontrat by the same amount, we an equatethe ratios for di�erent parts beause they havethe same sale fator:

new_length1

old_length1

= scale_factor =
new_length2

old_length2If we know the size of one part before sal-ing and the size of the same part after sal-ing, we an use this to �nd the sizes of theother lengths. For example, if we have a goodphoto of a bridge and know the length of the



13bridge, we an �nd real part sizes from thephoto. Bridge sizes are often given in feet, sowe'll use feet for real-life bridge measurements.It will be easier for us to measure photo lengthsin millimeters. Suppose the length of the bridgeis 2,154 feet, and this length in the photo is 248millimeters.

Let's start by �nding the sale fator from thephoto to the real bridge from our sale fatorequation. Sine the new length will be the realsized length and old length will be the one inthe photo, we an write:



14 CHAPTER 2. SCALING
scale_factor =

real_length

photo_length
=

2154 ft

248 mmNow let's hek this by saling the length of thebridge in the photo by the sale fator:
248 mm ·

2154 ft

248 mm
= 2154 ftAll is well: 248 mm anels and we are leftwith the expeted answer that the photo bridgelength times the sale fator gives the real bridgelength. This is how we use the sale fator to�nd lengths on the real bridge from lengths inthe photo (try it in exerise 4):

real_length = photo_length ·

2154 ft

248 mmThis only works when when all the parts of thereal bridge sale by the same amount in thephoto. In order for this to work well, you haveto take the piture so that:



15
• Your line of sight is straight on (perpendi-ular to both the length and height of thebridge)
• Your line of sight is to the bridge enter
• You are far enough away from the bridgeIf you take the piture from one side of thebridge, that side will be lose to you and theother will be farther away. In this ase, theside loser to you will be bigger in the photoand the other side will be smaller � they willhave di�erent sale fators.



16 CHAPTER 2. SCALINGNotie that the half-arh on the left takes upabout half the height of the �gure, but on theright the half-arh takes up less than one third.This happens beause we see in suh a way thatthe farther something is away, the smaller itssize in an image.

This is why if the ends of the bridge are di�er-ent distanes from where you take the photo,the farther end will be smaller in the photo(have a smaller sale fator) and the loser endwill be bigger (have a bigger sale fator). If



17the distanes to the ends di�er too muh, thesale fators will di�er too muh and you an-not equate them as we did above.
Similarly, if you get too lose to the bridge, theenter will be bigger, the ends will be smaller,the sale fators will be di�erent, and again youannot equate them. Also, the bridge mightnot �t into the photo unless you have a speial(wide-angle) lens whih gives di�erent sale fa-tors aross the photo.
Now let's use our sale fator to �nd a bridgelength that we don't already know from a mea-surement of the photo. For example, supposewe measure the distane on the photo betweenthe bridge pylons as 110 mm.



18 CHAPTER 2. SCALING

Now multiply by the sale fator to alulatethe distane between the pylons in the real, full-sized bridge:
110 mm ·

2154 ft

248 mm
=

236940 ft

248
≈ 955 ft



19sine 2154
× 110

21540
215400
236940

and 955.4
248)236940.0

2232
1374
1240
1340
1240
100 0
99 2

8

.

Notie that we anelled the mm (millimeters)just like a number. Calulations in engineeringand physis often arry along the measurementunits in the alulation in order to help hekthat the answers make sense. In our ase, weexpeted to get a real length whih we are mea-suring in feet, and our answer is in feet, just aswe expeted.Also notie that by arrying out the divisionto the tenths deimal plae allows us to round



20 CHAPTER 2. SCALINGthe result of 955.4 ft to the whole number andsay that real length is approximately 955 feet.That's why we use the mathematial symbol ≈for approximate equality rather than an equalssign.Another way to get a feeling for this alulationis to rearrange it into a, perhaps, even moremeaningful on�guration of numbers. Beforewe do this let us �rst note that:
2 ·

3

7
=

3

7
+

3

7
=

6

7
=

2

7
+

2

7
+

2

7
= 3 ·

2

7sine three 2's is the same as two 3's (2 · 3 =
3 · 2). Similarly, we have

110 mm ·

2154 ft

248 mm
=

110 mm

248 mm
· 2154 ftwith the fration 110 mm/248 mm represent-ing the fration of the bridge orresponding tothe distane between the pylons, and the ex-pression on the right hand side representing the



21fration of the real bridge length orrespondingto the distane between the pylons.The following exerises will give you a hane topratie forming and working with sale fatorsbefore we start using them in Chapter Three.



22 CHAPTER 2. SCALINGExerises1. Suppose you have a globe of the Earth thatis 12 inhes in diameter. Now suppose you�nd out that the diameter of the Earth isreally about 8,000 miles.(a) Write down the sale fator from the globeto the full-sized Earth.
(b) Write down the sale fator from the Earthto the globe.
() Suppose that the North Amerian on-tinent measures about 4 inhes aross.What does this sale to for the full-sizedEarth?



EXERCISES 232. Suppose you take a piture of the Ei�elTower from the ground, print the piture asan 8.5 x 11-inh photo, and make a modelfrom the measurements in the photo. Willthe top of your model be smaller than itshould be, larger than it should be, or justthe right size? Why?



24 CHAPTER 2. SCALING3. Suppose you take a trip over the summerto the Dryden Flight Researh Center atEdwards Air Fore Base in California andtake a piture of a NASA shuttle. The nextyear in shool you deide to build a salemodel of the shuttle from your piture for aSiene Fair projet. You print the pitureso that the shuttle is 250 millimeters long.The real shuttle is 56.14 meters long. Youwant your model to be 50 entimeters long.(a) What is the sale fator from the phototo the full-sized spae shuttle?
(b) What is the sale fator from the phototo the model?



EXERCISES 25() If the nose setion (inluding the ok-pit) measures 57 millimeters in the photo,how large should you make it in yourmodel?
(d) If the diameter of an engine exhaust portis 16.5 millimeters in your photo, howlong should it be in your model?

4. What do we need to do to hange:
new1

old1
=

new2

old2
into: new2 = old2 ·

new1

old1
?



26 CHAPTER 2. SCALING



Chapter 3
Using a Photo to Calulate ModelSizes
Just as we used a photo to �nd lengths for thereal bridge, we an use it to �nd lengths fora model bridge that we want to build. First,we'll need the sale fator from the photo to themodel. We an get this from the sale fatorequation from Chapter Two:

scale_factor =
new_length

old_lengthWe also saw there that the size of the bridgein the photo is 248 millimeters, so all we need27



28 CHAPTER 3. USING A PHOTO TO CALCULATE MODEL SIZESnow is the size we want it to be in the model.Suppose we want our model to be 30 inheslong. In this ase, we plug in 30 inhes forthe new length and 248 millimeters for the oldlength to get the sale fator from the photo tothe model:
30 in

248 mmNow suppose we wish to �nd a distane m inthe model for some distane p in the photo.Then, using the saling equation, we sale thephoto distane p by the photo to model salefator:
m = p ·

30 in

248 mmLet's use this to �nd the distane between thepylons in the model. Remember from the lasthapter that distane is 110 millimeters the photo.In this ase, the value for p is 110 mm and we�nd the orresponding model length as:



29
m = 110 mm ·

30 in

248 mm

=
110 · 30 in

248

=
3300 in

248

≈ 13.31 insine 110
× 30
3300

and 13.30
248)3300.00

248
820
744
76 0
74 4
1 60

.

Notie that, again, just as in the alulations atthe end of Chapter Two we anelled the mmjust like a number. Also, notie that there isa remainder in the division at �rst of 76, but



30 CHAPTER 3. USING A PHOTO TO CALCULATE MODEL SIZESagain, we keep going for more deimal plaes(arry down 2 zeros beyond the deimal point)to get the quotient 13.30 with a remainder of160 hundredths (also known as 1.60). We thenround the answer to 13.31 (sine 160 is morethan half of 248) and say that the length isapproximately (≈) 13.31 inhes.We an use this same sort of alulation to�nd other lengths in the model from lengthsin the photo. Sometimes, numbers like 13.31are alled deimals or deimal numbers be-ause they ontain a deimal point. Most of thealulations of model sizes will result in dei-mals. In Chapter Four we'll �nd out how toonvert these deimal lengths into marks on aruler so that you an atually make the partsto size.



EXERCISES 31Exerises1. Suppose that the height of the tallest verti-al support is 24 mm in the photo. How tallshould you make it for the 30-inh model?

2. If the height of the bridge above the waterin the photo is 20.5 mm, how high above thewater should it be in the 30-inh model?



32 CHAPTER 3. USING A PHOTO TO CALCULATE MODEL SIZES3. Suppose that the distane between vertialsupports is 5.25 mm in the photo. Whatshould the spaing be in the 30-inh model?



Chapter 4
Converting Deimals intoFrations
To build a model, we'll need to onstrut pieesto length. One of the best ways to do this iswith a ruler or (for longer distanes) a tapemeasure. When making a model to sale, we'llneed to translate alulations into measurementswe an �nd on a ruler. To redue the errors,we'll use a ruler with small divisions: 32 perinh. In this ase we'll need to translate someof the deimals we alulated from the salingequation (like we did in Chapter Three) intosome number of inhes plus some number of
32ndths. One way to do this is to alulate the33



34 CHAPTER 4. CONVERTING DECIMALS INTO FRACTIONSdeimal numbers for 32ndths of an inh to 5deimal plaes.Let's start with 0/32. Sine this is 0, if webreak this down into a deimal number we have:zero 1s, zero 10ths, zero 100ths, zero 1000ths,zero 10000ths, and zero 100000ths. We writethis as: 0.00000. Now �nd 1/32 to 5 deimalplaes using long division:
0.03125

32)1.00000
0
1 0

0
1 00

96
40
32
80
64
160
160

0Thus, 1/32 = 0.03125. Next, add this to itselfto get the deimal number for 2/32:



35
0.03125

+ 0.03125
0.06250We an ontinue adding in this way to �ll inthe following tables:

32ndths Fration Simpli�ed Deimal0 0/32 0 0.000001 1/32 1/32 0.031252 2/32 1/16 0.062503 3/32 3/32 0.093754 4/32 1/8 0.125005 5/32 5/32 0.156256 6/32 3/16 0.187507 7/32 7/32 0.218758 8/32 1/4 0.250009 9/32 9/32 0.2812510 10/32 5/16 0.3125011 11/32 11/32 0.3437512 12/32 3/8 0.3750013 13/32 13/32 0.4062514 14/32 7/16 0.4375015 15/32 15/32 0.4687516 16/32 1/2 0.50000



36 CHAPTER 4. CONVERTING DECIMALS INTO FRACTIONS
32ndths Fration Simpli�ed Deimal17 17/32 17/32 0.5312518 18/32 9/16 0.5625019 19/32 19/32 0.5937520 20/32 5/8 0.6250021 21/32 21/32 0.6562522 22/32 11/16 0.6875023 23/32 23/32 0.7187524 24/32 3/4 0.7500025 25/32 25/32 0.7812526 26/32 13/16 0.8125027 27/32 27/32 0.8437528 28/32 7/8 0.8750029 29/32 29/32 0.9062530 30/32 15/16 0.9375031 31/32 31/32 0.9687532 32/32 1 1.00000

Notie how we also �lled in the simpli�ed fra-tions for even numbers of 32ndths. Sine fatorsof 2 will anel one or more times to give de-nominators of 16, 8, 4, 2 and 1, even numbersof 32ndths redue to frations with smaller de-



37nominators. For example:
28

32
=

2 · 14

2 · 16
=

14

16
=

2 · 7

2 · 8
=

7

8We an now use these tables to onvert a de-imal number of inhes into the nearest num-ber of 32ndths of an inh. For example, let'slook up the 13.31 inhes that we alulated asthe distane between the pylons for the modelbridge in Chapter Three. First notie that wehave 13 inhes plus the frational part .31. Welook up the frational part by sanning downthe rightmost olumn of the table. We ansee that .31 is between 0.28125 and 0.31250.Now, the di�erene between 0.28125 and .31is 0.02875, but the di�erene between .31 and0.31250 is just 0.00250, so .31 is losest to 10/32.That means that 13.31 inhes is losest to 13 5

16inhes.One you get the hang of this, you might noteven need to do the subtrations, you'll just beable to see that your number is loser to one



38 CHAPTER 4. CONVERTING DECIMALS INTO FRACTIONSrow than the next. For example, beause .31and 0.31250 di�er starting out in the 1000thsplae, the di�erene must be less than a single100th. On the other hand, 0.28125 and .31 dif-fer by 3 in the 100ths plae (a di�erene of 1 inthe 10ths plae does not tell us enough). Thismeans that the numbers di�er by more thantwo 100ths, so that 0.31250 must be loser.Of ourse, you an also use the table to onverta number of 32ndths to a deimal representationby just looking up the deimal representationpart orresponding to the fration. For exam-ple 4 7

32
is 4 plus the entry 0.21875 for 7/32, so4.21875.Try the following deimal onversion exerisesbefore we move on.



EXERCISES 39Exerises1. Using the tables of 32ndths in this hapter,�nd the nearest number of 32ndths to:(a) 0.28250(b) 0.34343() 0.85937
2. Complete the following table:8ths Fration Simpli�ed Deimal0 0/8 0 0.0001 1/8 1/8 0.1252 2/83 3/84 4/85 5/86 6/87 7/8



40 CHAPTER 4. CONVERTING DECIMALS INTO FRACTIONS3. Use the table in exerise 2 to onvert 3.213into a whole number and the nearest num-ber of 8ths.

4. Use long division to �nd 1/16 to 4 deimalplaes.



EXERCISES 415. Notie that we had to divide 1/32 to 5 de-imal plaes to get a remainder of zero, 1/16to 4 deimal plaes, and 1/8 to three de-imal plaes. How many deimal plaes doyou think we'd have to divide 1/64 to, inorder to get a remainder of zero?
6. Can you explain the answer above by fa-toring the fration denominators and mul-tiplying by 10 for eah deimal plae? Startby �lling in the rest of this table:Fration Fatored 10's Needed AssoiatedFration to Canel 2's Deimal1/2 1/2 10 Tenths1/4 1/(2 · 2) 10 · 10 Hundredths1/81/161/321/64How many hundredths is 1.00?How many hundredths is 1/4?



42 CHAPTER 4. CONVERTING DECIMALS INTO FRACTIONS7. What an you say about the pattern in the
32ndths tables of the simpli�ed frations andthe number of zeros at the end of the dei-mal representation?

8. Use the model-to-bridge sale fator 2154 ft
30 into onvert 0.03125 inhes into feet (or youan use 1/32 inhes if you prefer). If wehave an error in our model of 1/32 of aninh, what size error is it in the real bridge?



Chapter 5Measurement Spaes andConversions
You may have notied that in our bridge ex-ample so far we have been using three di�erentunits for measuring lengths. For lengths of thereal bridge, we have been using measurementsin feet (ft). For lengths in the photo we havebeen using millimeters (mm). For lengths inthe model we have been using inhes (in). Thishas led to sale fators like:

2154 ft

248 mm
and 30 in

248 mmThe units have been helping us hek that ouralulation make sense and keep trak of whether43



44 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSa length applies to the photo, model, or the realbridge. However, perhaps we'd like to knowhow many times smaller the photo is than thereal bridge. We'd like a sale fator that is justa number with no units (no ft, or mm), justlike the sale fator 3 we found bak in ChapterOne where it meant the box was 3 times biggerthan the ube. We'll all this a unitless salefator.Start with the sale fator that onverts photomeasurements to real bridge measurements:
2154 ft

248 mmWe have to onvert 2,154 feet into millimetersso that the units anel, and then we an per-form the numeri division. Caneling the unitsis neessary to get a sale fator that reduesto a unitless number (a number without units).Let's proeed by onverting 2,154 feet to mil-limeters. We'll need to start with the followinglist of equivalent measures expressed as equa-



45tions:
1 ft = 12 in

1 in = 2.54 cm

1 cm = 10 mmNext we'll hange these into onversion fators.A onversion fator is a sale fator that hasthe value 1 and is written as a fration withsome number of units above some number ofother units. This way, when we multiply bythe onversion fator, we are not hanging thelength, just the units. We'll have an exampleof using a onversion fator after we form somefrom these equations.Let's �rst divide the feet-and-inhes equationabove by the left-hand side to get our �rst on-version fator:
1 ft

1 ft
=

12 in

1 ft
or 1 =

12 in

1 ft



46 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSWe an ontinue in this way, dividing eah equa-tion of equivalent measures �rst by the left-hand side, then by the right to get the followinglist of onversion fators:
1 =

12 in

1 ft
1 =

1 ft

12 in

1 =
2.54 cm

1 in
1 =

1 in

2.54 cm

1 =
10 mm

1 cm
1 =

1 cm

10 mmNow, let's use the in/ft onversion fator toonvert 2,154 feet to inhes:
2154 ft ·

12 in

1 ft
= 2154 · 12 in = 25848 insine

2154
× 12

4308
21540
25848Notie the ft anel leaving the answer in inhes.



47Fasten your safety belts for the next alula-tion!Remember that multiplying by 1 leaves a num-ber unhanged, so we an multiply by as manyonversion fators as we need without hang-ing the size (we only hange the units). Howmany fators do we need? We just keep us-ing the fators so that the units anel and weend up with the units we want. In our ase,we want to onvert 2,154 feet into millimetersso we start with a onversion fator that hasfeet in the denominator, and just keep hain-ing them together so units anel and we endup with millimeters in the numerator:
2154 ft ·

12 in

1 ft
·

2.54 cm

1 in
·

10 mm

1 cmNotie how ft, in, and cm all anel leavingonly mm on top. We an also get rid of the 1sin the denominators, sine dividing by 1, likemultiplying by 1, has no e�et. Our answer will



48 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSbe in millimeters:
2154 · 12 · 2.54 · 10 mmLet's multiply 2,154 by 12 to get 25,848 (as onp. 46) and 2.54 by 10 to get 25.4 so we have:

25848 · 25.4 mmFinally multiply 25,848 by 25.4 to get 656,539.2:
25848

× 25.4
103392

1292400
5169600
6565392

.̂Notie that sine there is one digit to the rightof the deimal point among the two fators inthis multipliation, we are areful to insert thedeimal point so that there is one digit to theright in the �nal produt. We have sueeded



49in onverting 2,154 feet into 656,539.2 millime-ters. We an now redue the sale fator to anumber. Sine the units anel, we need onlyperform the long division:
2154 ft

248 mm
=

656539.2 mm

248 mm
=

656539.2

248

2647.3
248)656539.2

496
1605
1488
1173
992
1819
1736

83 2
74 4
8 8This tells us that the real bridge is approxi-mately 2,647 times bigger than the photo.



50 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSA similar alulation for the photo-to-modelsale fator starts by onverting 30 inhes intomillimeters:
30 in ·

2.54 cm

1 in
·

10 mm

1 cmAgain, notie how we hained together the on-version fators, the �rst with inhes in the de-nominator and the last with millimeters in thenumerator. The other hoie for the �rst on-version fator would have had inhes in the de-nominator and feet on top, but that would nothave helped us get to millimeters. Now sine:
25.4

× 30
7620

.̂this means we an alulate the unitless photo-to-model sale fator by substituting 762 mil-limeters for 30 inhes as follows:



51
30 in

248 mm
=

762 mm

248 mm
=

762

248All that remains in order to redue this to aunitless sale fator is to omplete the long di-vision:
3.07

248)762.00
744
18 00
17 36

64The model bridge is approximately 3.1 timesbigger than the photo. About how many inhesis 248 millimeters? (Hint: 30 inhes is about 3times bigger than 248 millimeters.) How ouldwe alulate how many times bigger the realbridge is than the model bridge? Take a minuteand try to �gure this out on your own beforeyou read on.



52 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSDid you alulate the unitless sale fator for:
2154 ft

30 inby onverting 2,154 feet into 25,848 inhes andthen dividing by 30 to get approximately 862?If so, here is another way.We an use the unitless sale fators we alreadyalulated. Sine the real bridge is 2,647 timesbigger than the bridge in the photo, let's makea new unit alled a photo-bridge (pb) and saythat the real bridge is 2, 647 pb. Similarly, themodel bridge is 3.1pb. Now use the sale fatorequation to alulate the sale fator from themodel to the real bridge:
2647 pb

3.1 pbThe units anel and all we need is the longdivision:
3.1)2647Rather than doing this the hard way, let's shiftthe deimal points right in both numbers (mul-



53tiply eah by 10, leaving the ratio unhanged)before dividing:
853.8

31)26470.0
248
167
155
120
93
27 0
24 8
2 2The real bridge is approximately 854 times big-ger than the model. Wait a minute! That's notthe same answer we got a minute ago. Whathappened? Whih answer is right?Well, it turns out that neither answer is exatlyright, but that 862 has less error. Reall howlong division resulted in approximate answers,beause we would stop a digit or two to theright of the deimal point and then round o�



54 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSthe last digit of the quotient. It turns out thatthe 862 answer has only one of these approxi-mations. However, the 854 answer has two suhapproximations (eah of the pb numbers hadone). Furthermore to get the 854 answer, wedivide one approximate number by the other.This is where the error inreased. Rather thandividing by 3.07, we divided by 3.1 whih willgo into 2,647 fewer times than 3.07 so the re-sulting quotient is smaller than it should be.Let's �nish this up by saying that the real bridgeis 862 times bigger than the model bridge. Ap-proximately.



EXERCISES 55Exerises1. Convert 3 feet into millimeters.

2. Convert 1 entimeter into 32ndths of an inh.



56 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONS3. Use the fat that 1 m = 100 cm to:(a) Write the onversion fator from metersto entimeters.
(b) Write the onversion fator from entime-ters to meters.
() Convert 1 meter into inhes.



EXERCISES 574. Convert the photo-to-full-sized spae shut-tle sale fator you found in exerise 3(a) ofChapter Two into a unitless (p. 44) salefator. [Hint: one way to start is by on-verting 250 millimeters to to meters.℄

5. Is it possible to have one approximate num-ber divide another approximate number andmake the error smaller in the resulting num-



58 CHAPTER 5. MEASUREMENT SPACES AND CONVERSIONSber than in either approximation? Explain.

6. How an you �nd out exatly how muhbigger than the model the real bridge is?[Hint: What sort of number must the salefator be?℄



Chapter 6
Symmetry and Organization
Many times, the objet you are modeling has asymmetry that an help you redue the amountof work you have to do measuring and organiz-ing parts of the model.For example, many airplanes, automobiles, truks,boats, bridges, and buildings look to a large de-gree the same on the left side as they do on theright. This is alled bilateral symmetry (�bi�meaning two and �lateral� meaning side). Byonly measuring one side and making two of ev-erything, you redue the planning, measuring,and organizing of the model by a fator of two:59



60 CHAPTER 6. SYMMETRY AND ORGANIZATION

Some objets have two independent symmetriesand you an use them both. For example, manybridges (or large setions of them) have twobilateral symmetries. If we were to look downon a bridge from overhead, this might look likethis:

You an see that the vertial line divides bridgeinto left and right halves and that horizontal



61line divides the bridge into left and right sidesof the road. Together, these two lines divide thebridge into 4 similar piees. This helps reduethe planning, measuring, and organization ofthe projet by a fator of 4. More spei�ally,suppose that the bridge has many vertial sup-ports that help give it its shape:

Then, rather than having to measure, onvert,and keep trak of all 98 vertial supports (24 +
1+24+24+1+24), we ould just onentrate onthe ones on the left half of the road (24+1+24)



62 CHAPTER 6. SYMMETRY AND ORGANIZATIONon the left side of the bridge (24+1), making 4opies of eah support (exept we'd need only2 opies of the ones right in the middle).A good way to keep these organized is with ashort, wide plasti ontainer that has a bunhof ompartments inside. Sometimes you an�nd these in a hardware store. Label eah om-partment with a number, then make and store4 of the supports in eah ompartment:

For something like a bridge that has all thesevarious vertial supports, it helps to organize



63the measurements and automate the onver-sions by entering them into a spreadsheet. Ifyou do this, you an then plot the measure-ments and visually hek that everything looksright before you have to ut and waste any ma-terial:

It also makes it easier to adjust measurementsthat are o� just a bit, sine you'll be able tosee if a support is too high or low and adjustthe number until it looks right.Using symmetry to simplify a problem is oneof the most important tools that sientists and



64 CHAPTER 6. SYMMETRY AND ORGANIZATIONengineers have, and they use it frequently toget answers or understand things that other-wise are too ompliated to undertake. Use itwhenever you an.



Chapter 7
Putting It All Together
Here is a short summary of how to build a salemodel:1. Deide whih objet to model.2. Take a good photo (or photos) of the objetand �nd the real length of something in eahphoto.3. Deide on the size of your model.4. Figure out the sale fator from eah phototo the model.5. Determine if you an, and if so, use symme-try to redue the modeling task.65



66 CHAPTER 7. PUTTING IT ALL TOGETHER6. Measure the objet omponents from thephoto(s) and organize them (into a spread-sheet).7. Convert the photo measurements to the modelsize using the photo-to-model sale fator(s)and hek the results for errors and onsis-teny (if possible, graphing the results).8. Convert the model deimal measurementsto ruler measurements and hek the re-sults for errors and onsisteny (if possible,graphing the results).9. Prepare objet parts to the alulated modelsizes.10. Construt the model from the parts.That is about all I have to o�er on buildinga model to sale. All you have to do now isdeide what to build and how big to make itbefore you an get started. I've inluded ref-erenes for a ouple of books on related top-



67is that you might �nd helpful and interesting.Happy building!



68 CHAPTER 7. PUTTING IT ALL TOGETHER



Referenes
You may �nd the following books helpful forunderstanding better some of the ideas used inthis pamphlet.Alyee Cummings Painless Frations , Bar-rons Eduational Series, 2nd edition, 2006.Lynnette Long Painless Algebra, Barrons Ed-uational Series, 2nd edition, 2006.Ernst Norling Perspetive Made Easy , DoverPubliations, 1999.
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Indexabsolute (omparison of lengths),2approximate (equality), 20, 30anel (number in a ratio), 14,36anel (units in a ratio), 19, 29,44, 46, 47onversion fator, 45onversion fator (haining), 47,50deimal (number), 30deimal (numbers), 33equation (sale fator), 11equation (saling), 9equivalent measures, 44fator, 9fator (onversion), 45fator (sale), 4, 9fator (sale, equation), 11ratio, 2relative (omparison of lengths),3

sale fator, 4, 9sale fator (equation), 11sale fator (unitless), 44saling, 9saling (equation), 9symmetry (bilateral), 59, 60unitless (sale fator), 44
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Sale Model BuildingIf you want to learn how to make realis-ti models, this pamphlet is for you. Init we talk about omparing and salinglengths, using a photo to alulate modelsizes, and more. Take a look inside andsee.


