VOLUNTEERS WANTED
FOR DESIGN AND CONSTRUCTION OF THE

WASHINGTON HIGH SCHOOL FLOAT

FOR THE THANKSGIVING DAY PARADE
Minds and bodies needed. Report to Room 109
No experience required. 3:30 p.m. September 17

Dave hesitated in front of the poster. He wasn't at all sure he should try to work on the float,
but it did say volunteers were wanted, and it sounded as if it could be fun.

1. The Float

Promptly at 3:30 on the 17th, Dave approached Room 109. The noises coming from the
room told him there was already a small group inside. As he entered, a very tall segior cam
forward and greeted him.

"Come on in," he said. "I'm Chris. This is Rosa," motioning to a dark-haired girl who
appeared to be a freshman; "This is Dawn," referring to a student who seemed to be ab®ut Dave
age, "and this is Oliver," waving toward a smiling, bulky fellow. Dave decided Oliver could be
very useful when it came to lifting things.

"We'll get more volunteers as it gets closer to Thanksgiving," Chris continued. "For right
now, this is a good sized group for developing the design and getting the project started. Rosa is
good at drawing — she wants to be an artist. Dawn knows a lot about papier-mache; she worked
on the float last year, as a freshman. She's also pretty good with plants, if we decideate decor
with live materials. Oliver's our mover and shaker," he added with a laugh. "He should be
practicing football, but he had some grade problems last spring, so his activitiegtacethm
fall."

"Yeah, that's right," injected Oliver, with his usual broad smile. "But this year dlhy re
studying. | recognize | won't get anywhere in football or afterward if | don't understand the math
and science and English. I'll be back on the field my senior year. That's the only way I'll ever get
to college! And Chris has offered to help this fall while he gets his knees back in shéyee for t
basketball season."

"Wow," Dave thought to himself. "Now | remember both these fellows from the games last
year. They're both pretty good. | sure hope they do get back onto the teams."

"Do you have any special interests or skills?" Dave realized that Chris wag talkim.

Collecting his thoughts quickly, Dave replied, "Well, | like to work on cars; I've helped a
friend a little at that. And my Dad has taught me a few things about electrical wWitimay, 9 the
sort of thing you mean."

"That's great,"” Chris replied. "You'll fit right in. We already have a few ideas fa@ignde
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but there's a lot more to be done before we can start building, or even make our preliminary
model."

Chris gestured toward the table where a large sheet of blank paper was spread out. As they
all gathered around, Dawn began to explain the design concept they had been talking about.

"We want everyone to recognize immediately that this is the Washington High float, so we
thought first of having a boat with a figure of George Washington standing in the bow. But since
it's a Thanksgiving Day parade, we also wanted to emphasize the religious heritage of our
country, so we are now thinking of a scene from Valley Forge, with snow on the ground, some
soldiers huddled around a campfire in front of the low cabin, and General Washington kneeling by
himself at the back."

"l think it sounds super,"” said Rosa, as she picked up a pencil and started to sketch on the
paper. With a few strokes she created a small log cabin, a fire in front of it withraigged
figures crowding close to the fire to get warm, and a solitary figure, kneeling with bowedlhead, a
on a surface suggestive of gently rolling hills.

"Make sure one of those soldiers is Black," Oliver suggested. "We've just been reading that
they were an important part of the army for the Colonies."

“But wouldn't they have been in a separate group back then?" Dawn asked.

"No," Chris replied. "There weren't so many of us in the army, but we carried our share of
the burden and everyone worked and suffered together. That's the only way to get the best effort
from a diverse group."

"Well how about Latin Americans," Rosa questioned. "We're an important part of the
country too!"

"Yes, you are," Chris agreed, "but there were very few in the Colonies during the Revolution.
And there is no way we can show all the many countries and cultures the early Americastscoloni
came from. Let's get back to the design of the float."

"Is there any way we can make the fire look like a real fire?" asked Dawn.

"Sure", Dave answered, "as long as we have some electric power, we can put a red light bulb
in the center, or a regular light bulb with red paper or plastic around it — not too close. We can
even rotate a shield around the bulb. That will give the impression of flickering flames."

"That sounds great," Oliver responded.

"l don't know off hand how much electric power we'll need for the light," Dave continued.
"How long will it have to be turned on?"
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"The parade is going to travel 3 miles, and it usually takes about an hour and a half from start
to finish," Chris answered.

"Boy, that's slow!" Oliver laughed. "I can walk a lot faster than that. Let's see. Ybiti sai
goes 3 miles and it takes an hour and a half. That's 1 %2 h, or 3/2 h." Pulling out a pencil he wrote
on the corner of the drawing paper. "Distance is rate x time, so

3 mi =in
2

If we divide both sides by 3/2 h, that gives (3 mi)/)). To divide by 3/2, we invert the fraction
— turn it over," he added for the benefit of Rosa, who was beginning to look lost. "Then we
multiply.

2 _ 6mi

3mix—o =M _,M
3h 3h “ h

So 3 miles in an hour and a half is an average of only 2 mi/h."

"Why did you leave the hours on the bottom when you brought the 2/3 to the top?" Rosa
asked.

"The fraction was 3/2, and that was multiplied by the unit of ‘hour'; the 'hour' wasn't part of
the 3/2 fraction, so it stays on the bottom. You see it has to be on the bottom, anyway, so we'll
get the rate, or speed, in miles per hour, mi/h, and not in miles times hours," Oliver explained
carefully.

___________________________________________________________________________________________________________|]
D = distance; R = rate (speed); T =time

distance = rate x time

D=RxT D=3mi T=3r2h

R:R_m: |Xi:§ﬂ:2ﬂ
34 3h 3 h h
2

Rosa decided Oliver's wavy blond hair was more interesting than his mathematics, sd she a
almost admitted to herself that the mathematics made sense. She wondereaifidheann

how to do things like that herself in her algebra course. She was brought back to the
conversation by Chris' explanation.

"You are quite right, Oliver. That 2 mi/h is an average speed, and it's quite slow. The
average speed is always the total distance divided by the total time. A parade camivever
very fast, because there are people walking. And when the parade gets stopped from time to
time, the average drops quite a lot.
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"Suppose the parade moved at 3 mi/h, which is a reasonable pace for walking for most
people, but every quarter of a mile it had to stand still for 3 minutes, waiting for a brokeor float
some other problem," Chris began to explain.

"Then the average speed would be 1 %2 mi/h, wouldn't it?" said Rosa. "(3+0)/2=1%".

"No, it doesn't work that way with speeds, unless the times happen to be equal for each
speed," Dave injected. "Remember Chris said you have to find the total distance and divide by the
total time."

Dawn took up the conversation. "If we use Chris' example, the speed is the same for each
guarter mile, so we only need to find the average speed for the first quarter mileveFirst
calculate the time to go the quarter mile.

1mi
T:2:4—rni:i
R omi 12

h

That's 60/12 minute, or 5 minutes, but it may be easier to keep it in hours. Then we add the time
(and distance) for when the parade is standing still. The time is 3 minases©r—1/20h , and

the distance, of course, is zero. The total timé& #s1/12h +1/20h. A common denominator

would be 120. Twelve goes into that 10 times and 20 goes into it 6 times, so

T=10h+ 6 h:10+6
120 120 120

h

Dividing top and bottom by 8 givéls=2/15h and the total distancels= 1/4 mi + 0 mi =1/4 mi.
“So the average speed is

That works out to slightly less than 2 mi/h."

"That looks O.K., but | don't think | could do it myself," said Rosa.

"That's to be expected," Oliver explained, pulling some papers from the book he had brought
with him. "It's like football or basketball or anything else. You can't learn how to do it by
watching someone else. You have to practice yourself. Here are some practice praidems
finished doing. If you do these, you will understand much better what we've been telling you."

While Rosa tried to absorb all she was hearing about how to calculate average speeds, Dave
turned to Chris. "Before we got sidetracked on finding average speeds, | was looking at the
electric power needed to light the campfire on the float.

"l figure if the fire is going to be visible in the daytime, it will take a pretty brigjtitli An
ordinary 100 watt light bulb isn't very noticeable in the daytime, even without red filters on
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it."

"That's true," agreed Chris, "but even a 20 watt bulb in a rear-window stop light is clearly
visible in bright daylight. That's partially because it is red, and partially becausashe |
concentrates the light. A lot less power will be needed if we focus the light witls lenserrors.

You know how the rotating lights on police cars look bright; they send all of their light in a given
direction at one time. If we put something like that under our fire, we could get the figckeri
effect and have it bright enough to be seen. We should figure two or three amperes for the light."

"O.K." replied Dave. "Then to get the electric power we multiply the current by the voltage
The bulbs are designed for 12 V, so that is roughly 30 watts. What we need to think about is how
long we can draw that many watts from a battery. If that's all we need, a car battedylastoul
through the parade without being recharged. Will the float have a gasoline engine, or how will it
be powered?"

"We'll mount the float on a car chassis and the engine will have an alternator and hattery, s
we can run the light for the fire from that system. That way we can be sure the bdtteey wi
charged all the time," replied Chris.

"Rosa," he continued, "will you finish your drawing of what the float should look like? Work
with Dawn, so you can be sure the figures you are planning can be constructed. Let's get together
next week at this same time. By then we should be able to start making a small modeltloé what
float will look like."

* * * * *
Starter Problem: Road rally races often require cars to reach check pointseassgbossible to
a scheduled time. Cars lose points if they are early or late. At a certain rpatheatlars were
supposed to average 30 mi/h for a 10 mile segment of the course. Freddie had car trouble in the
first half of the segment, and when he had gone 5 miles, calculated that he had averaged only 15
mi/h to that point. How fast would Freddie have to travel the second half of the segment to
average 30 mi/h and reach the check point on time?

Practice Problems
1. A model car rolls down a slope at a constant speed of %2 m/s. If it ralsSphow far does

it travel? 0.3(75) m

2. A whale swims north at 30 km/h. How far will it go in 10 min?

3. A sprinter runs 40 min 5.0 s. What is her average speed? 8.0 m/s
4. A bullet was timed to take 1.5 s to go 1.0 km. How fast did it travel?

5. Alice can walk 6 km/h. How long will it take her to walk 1.5 km? 15 min

6. If the speed limit is 80 km/h, how long will it take to drive (legally) 5.0 km on an open stretch
of road?
7. A bicycle travels 10 km/h for 10 min, then 30 km/h for 10 min. What is the average speed?

20 km/h
8. A plane flies north at 525 km/h for 30 min, then flies north-east for 30 min at 575 km/h. What
was its average speed?
9. A motorcycle travels 30 km/h for 10 min, then 50 km/h for 20 min. What is the average speed
of the motorcycle? 43.(3) km/h
10. A train moves at 60 km/h for 50 min until it reaches open country; then it moves at 100 km/h
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for 90 min. What is its average speed?
11. A car travels 60 km/h for 10 km and then 100@rkfar 10 km. What is its average speed?
75 km/h
12. A cruise ship moves 20 km upstream at 10 km/h, then returns downstream to its starting
point at 20 km/h. What is its average speed?
13. A plane flies 300 km/h for 10 km, then 500 krfor 20 km. What is its average speed?
410 km/h
14. A turtle crawls uphill 3.0 m at 0.15 m/s, then runs down the other side at 0.50 m/s for 4.0 m.
What is its average speed?
_____________________________________________________________________________________________________|]
NOTE: The answer to the Road Rally problem is4&omi/h.
Be sure you calculate the times.

Stretching Questions:

1. Animportant idea in algebra is that we may let letters represent numbers. Foleexam
andc may represent three numbers. If we waiteb x ¢, we are saying this relationship holds for
any of the acceptable valuesapb, andc. The letters represent numbers, so we can do
mathematical experiments by letting numbers represent the letters. Find amuthizsrs for
which the product of two of them is equal to the third, and label théxrandc; a=bx c. Then
test whether it is true, for your three numbers, ¢hati/b and also thdb = a/c. Repeat your
experiment with another set of numbers that satisfy the relatioashijppx c. Do your
experiments prove thataf=b x c, thenb = a/c|? Do your experiments show that it is probably
true that if a b x ¢, thenb = a/candc = a/b?

2. Do some experiments (similar to those in Question 1) to test whether

a _cxa
(b/c) b
(Example: Lea=4,b=9,c=3. Is
4 _3x4 ,
(9/3) 9
Try other numbers.)
3. Test whether
a a a
= — 4 —
b+c b <c

by substituting numbers.

2/27/07 AWOP 2 -6



2. The Model

As the group assembled the following week, they found Chris and Oliver bringing in a small
pile of supplies — wood lath to serve as planking, very small cans of paint, newspapers, and
various other items, plus assorted tools. Rosa's drawing was on an easel in the corner, looking
very impressive.

"Before we start construction of the float, we should build a small model. That ileemsa
to see better how things fit together and how they look from different viewing angles," Chris
explained. "The design should be an easy one to construct. The only two structures, other than
the soldiers, are the platform and the small cabin. We have a kit for making the cabinywgd that
go especially fast.”

"What scale will we use?" asked Dave.

"One-to-ten is a good size for this kind of work," replied Chris. "The float should be 6
meters long — that's 20 feet, or slightly longer than a car. The model will then be 60 cm, or 2
ft, long."

"But if the model is one-tenth as big as the float, or 10% as large, it will cost 10% asomuch t
build. Isn't that quite a lot to spend just for a model?" Oliver exclaimed.

"No. It won't be that big, or that expensive," Dave chimed in. "If it is one-tenth as long, it
will have to be one-tenth as wide, also, so that would make it one-tenth times one-tenth, or
one-hundredth as big. And it also won't be as tall. If it is also one-tenth as tall, waxg talki
about one-tenth of the one-hundredth, or only one-thousandth as big as the final float."

L, = original length; W, = original width; H, = original height
Volume is (length = 1/1Q,) x (width = 1/10W,) x (height = 1/10 »H )

V= iLO X iW0 X iHO :ivo
10 10 10 1000

The volume of the modeY/, is one one-thousandth of the original voluivg,
_________________________________________________________________________________________________]

"l guess that explains the small amount of paint, too, doesn't it,” Oliver added, his usual
smile momentarily replaced by a thoughtful expression.

"Yes and no," laughed Chris, amused to see Oliver looking so serious. "When it comes to
painting, we're not going to try to fill either object with paint, so we don't need to know the
volume. You paint a surface, so you need to know the area, and area is always a product of two
lengths (such as a length and a width). If each length is decreased by a factor of ten, the area
will decrease by 1/10 x 1/10 = 1/100. That's still enough smaller than the final float will be so
that we don't need much paint for now."

"That sounds good enough for a square, or maybe even a rectangle, where the area is length
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times width," Rosa agreed. "But | remember reading yesterday, again, that the aseel®f a
isn't L x W. I think it's r3"

"That's right,” Dave nodded. "Or for an ellipse (that's a lot like an oval) the ar®a is
wherea andb are half the length and half the width; they are usually called the semi major axis
and the semi minor axis. Other shapes will have other formulas for area. But evéoyratga
involves a product of two lengths. For example, the circle aréajepends ontimesr; each
radius,r, is a length. In fact, areas are measured in units such?as cnt orifh. orft orm ."

"Yeah, | guess | do remember hearing something like that,"” Oliver added. "But | always have
trouble remembering which formula is which. | suppose that's one way to tell, isn't itAs Chr
turned to Rosa and asked her for the math book she had brought in with her. Flipping through
the pages, he found what he was looking for. "Here it is; pretty much the way | remember it."

He showed Oliver and Rosa the list of formulas. "Don't worry about what figures the
formulas apply to. Just make a list of whether each formula gives a length, an area, or & volume

Table 2.1
2( +w) LxW r?
2 r 4/3 rd ab
1/3 r*h 4 r? r’h
LxWxH Yobxh (ro+ry)x(@r,-ry

Oliver and Rosa each made a list, then they compared answers on one or two to be sure they
understood what the symbols meant before showing their lists to Chris.

"Those are all correct,” pronounced Chris. "When there is a single length the value must be a
length. And of course a sum of two lengths is still a length. When two lengths are multiplied
together, the formula must give an area. Any three lengths multiplied together gives a volume."

"That sure beats brute memory," Oliver exclaimed. His smile was back in fdl forc
"That's like the difference in football between trying to just out-muscle your opponent and
knowing how to use his strength against him. Coach calls it ‘finesse'."

"l always wondered how some students remembered all those formulas so easily,” Rosa
added. "Now I think | can do it, too! But I'm still not quite sure | understand why it works."

"That's to be expected,"” said Oliver. "We don't go out the first day of practice and learn
everything there is to know about blocking. We keep learning a little more each week. I've seen
this before, but I think this is the first time I've understood how or why it works."

During all the discussion of formulas, Dave and Dawn had been working on building the
model. The others now pitched in and soon had it finished, except for letting the small papier-
mache figures dry. Rosa agreed to come in during the week and do the painting, so they would
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be able to judge their design when they met again the following week.

* * * * *

Practice Problems
1. When you are planning to paint a room and need to know how much paint to buy, what (size)
property of the room must you know? What units would it have?

Area; m (or equivalent)
2. When you buy milk, what (size) property do you look for? What units does it have?
3. A spherical water tank 1 m in diameter is found to hold 525 kg of water. How much water
would a spherical tank 3 m in diameter hold? 14,175 kg
4. A circus wagon wheel that is 1 m in diameter is found to take ¥z pt of paint. A similar, larger
wheel, 2 m in diameter, would take how much paint?
5. If the smaller wagon wheel (1 m diameter) weighs 30 Ib, how much should the larger wagon
wheel (2 m diameter) weigh, assuming it has the same thickness? 120 Ib
6. The spherical water tank (1 m diameter) requires 1 pt of primer to cover it. How nmaeh pri
would the larger tank (3 m diameter) require?
7. One gallon of milk weighs about 8.3 Ib. How much would 3 gal of milk weigh? 249 1b
8. If a 10 inch pizza costs $5.00, how much should a 12 inch pizza cost?
9. A figure of irregular shape is shown below.

Superimposed on the figure is a grid that consisted of 1 cm by 1 cm squares, before the entire
figure was reduced by about one-half. Determine the area of the (original) figure inttivayes

you can. (Assume each squareis 1 cm by 1cm.)

10. Find the area of the figure below, before it was reduced by about one-half. (Each square was
originally 1 cnt )

Stretching Questions:

1. Can you generalize the effects of scaling from looking at the units? For example, if &y quanti
has units that are squared (e.g?cm ér m etc.), what will happen to the quantity if each of the
factors is tripled? ...increased by 4 times? If the units are cetgehf®), what will happen if

each factor is increased by 3 times? ...by 5 times?

2. When Alice visited Wonderland and drank from the bottle, she shrank to a pretty little girl
about the size of a toadstool. Recent correspondence with Lewis Carroll has provided the addi
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tional information that Alice was originally 5 ft tall and weighed 90 Ib.
After shrinking she was 5 in. tall (1/12 as high). How much did she then weigh? (She did lose
weight as well as size.)

3. When You Need A Lift

Everyone was enthusiastic about the model of the float. Rosa had added a few bright spots
of red fingernail polish to the fire to simulate the flames and had found a sheet ofgdakiigg
material that resembled the texture of snow. It made them all feel as if thegt stand closer to
the tiny fire to get warm. General Washington, kneeling apart from the others in his
comparatively bright uniform, looked especially lonely and burdened.

"We'll need to make up a list of the supplies required for the full-size float. Dave, y@ybe
could help me with that. But first," Chris continued, "we have the automobile chassis dneer in t
shop. If you'd like, we can go and check that out. There are a few things that need to be done
before we mount the float on top."

Suddenly the perspective of the group had changed. Instead of looking at drawings or
working on a small model, they were dealing with a relatively big and expensive automobile — or
at least the bottom half of a car — and thinking about how to mount the full-size float on it. Rosa
wasn't at all sure she could be of any help, but she joined the others as they went to see "their"
vehicle.

Rosa thought the chassis looked a little strange, with no body. Only the steering wheel and
its shaft stood above the level of the tires, frame, and engine. "Oh, my goodness!" she @xclaime
"Will there be a driver? Where will he sit? What will happen to his head?"

The others dissolved in laughter at Rosa's sudden outburst. They could see why she was
concerned, since she had not been present when the design was first developed or when the
methods of attachment were discussed. But at the same time, she looked so distrettsnd t
had trouble explaining the plan to her.

"You remember we have the small cabin near the center of the float, Rosa,"” Dawmeekplai
between giggles. "There won't be any floor in the cabin. The driver will be able to slip in through
the door. Then, when he is seated — and we will be mounting a seat for him — he will be able
to look out through the front door of the cabin. He will be in the dark, so he won't be seen, but
he will have a good view of what's ahead."

Rosa looked visibly relieved, and started laughing at herself as she realized how absurd her
vision had been of a driver flattened under a platform. "I thought the cabin was just part of the
scenery," she said. "It's clever to make it so useful, too."

"We need to change these tires," Chris interjected, bringing them all back to the tasks a
hand. "There's no hydraulic lift available, but we can easily enough jack up the wheels and change
them. Oliver, there's a bumper jack over in the corner. Bring that over and we'll get
started. Dave, can you get the wheel cover off and loosen the nuts slightly before we lift the
wheel? We don't want to loosen them very much, but they often stick and if we try to twist them
loose while the car is up on the jack, we could knock it off the jack."

2/27/07 AWOP 3 -10



Dave found a screw driver that would slip behind the wheel cover to loosen it a little, then he
put the wedge end of the jack handle in the opening and the cover popped off with a screech but
with seemingly no effort on Dave's part. He tried loosening a couple of the nuts with the jack
handle socket, but they hadn't been touched for some time and wouldn't come. Spotting a large
four-armed lug wrench, he quickly applied that, pushing down on one side as he pulled up on the
other, and the nut turned. The other nuts were soon loosened in the same fashion.

By this time Oliver had returned with the bumper jack and had it hooked in place, ready to
lift. Inserting the jack handle, he turned to Rosa. "Here," he said, "you jack it up. Are you
feeling strong today?"

"Who, me?" she asked, incredulously. "What do you have to do?" as she hesitantly edged
closer to the jack.

"Just push down on the handle all the way, then lift it and do it again," Oliver explained.

Rosa timidly pushed down on the handle, and to her surprise, it moved, but then it snapped
back to its original position when she let go.

"Push it down all the way, until it catches," Dave advised her.

She tried again and this time, much to her delight, the jack moved up a little and stayed there
when she brought the handle back up. Each time she pushed down, the jack moved up, then
remained in position as she moved the handle back up for the next push. As the frame
moved up, it took a little more effort, until the wheel left the ground. Rosa clapped her hands.
"That was really easy," she exclaimed. "Tell me how it works, and why it got hardeeatithe

"Start with the second question,” Dave responded. "The car springs are trying to lift the ca
all the time, but the car is heavy enough to push them down. They help you lift, until the
pressure on the springs has been relieved. After that, you have to lift without any help from the
springs.

"Now, look here at the jack handle and the short
sleeve it fits into," he continued, pointing to the part of
the jack that had climbed the shatft, lifting the car in the
process. Pulling out a pocket ruler, he showed her that
the length from the pivot point to where the tooth
engaged the washboard surface was only about 2 cm, or

3/4 inch, whereas the length from the pivot point to the

end of the jack handle was about 50 cm, or 20 inches.
The jack handle is 50 cm to the
pivot point and 2 cm from the pivot
point to the bumper, so the mechanical
advantage, MA, is 50/2 = 25. Each
pound of force applied at the end of
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the handle gives 25 Ib of force to
lit the car.

"For every pound of force you exert on the end of the jack handle," he explained, "the jack
exerts 25 pounds of force to lift the car. A full-size car weighs about 3000 Ib, so it takes
one-fourth of that, or about 750 Ib, to lift one corner. But for the jack to exert a lifting force of
750 Ib, you only have to lean on it with 750/25 Ib or about 30 Ib. You weigh quite a bit more
than that, so it's easy to push down with a force of 30 Ib."

"That sounds almost as easy as it was to lift the car," replied Rosa. "But where didl you ge
that 25?"

"The longer length was 50 cm," Dave repeated, "and the shorter length was 2 cm. Fifty
divided by two is twenty five. We call that number — the 25 —ntleehanical advantager
often justMA. No matter how heavy the car or truck, with this jack whatever force we apply to
the end of the handle will be multiplied by 25 by the jack."

"That sounds like getting something for nothing,” Rosa murmured. "l thought you couldn't
get more out of anything than you put into it."

"Dave is right,” Chris chimed in. "He's talking about the forces exerted at each ends Force
are free. Any force you want, | can supply for you for as long as you want it, within reasonable
limits, and it won't cost you anything. For example, the floor is pushing up on me right now with
a force equal to my weight; it's pushing up on the car with a force equal to the weight of the car.
If | want to exert a large downward force | can drive the car or a truck or something elt®eove
spot and it will exert a downward force as long as | leave it there, without complainingjrog get
tired.

"It's when you want a force taovesomething that it will cost you. In the case of the jack,
you pushed down with a force only 1/25 as large as the jack pushed up on the car, but you had to
push down a lot farther. Your hand moved down 25 times as far as the car moved up, each time.
That's the price you pay for not pushing as hard." He pulled a scrap of paper and a pen from his
pocket and said, "Ld{ be one of the forces anilthe distance that goes with that force. Then let
f, be the other force — for example, it may be at the other end — ajcdbkethe distance that
goes with forcd,. Then

f,d, =fd,

“There’s a reason why that equation has to be valid. | won't try to prove it at the moment,
but under special circumstances, usually meaning a slow process and no friction, that product of
force times the distance through which the force acts, is equal to the amount of energy
transferred. You can think of it as saying that the energy that comes from the sourcets equal
the energy received at the other side. Under those special circumstances, that pfocect of
times distance is callaslork. Because we typically write equations to ignore friction and other
extraneous effects, the equations have the simple form of force times distancd, sideac

"Whatever force you exert, times the distance you move, is equal to the force the jagk exert
times the distance it acts. The jack is an example of a lever, which is oftehasafiele
machine All of the simple machines follow the same equation."

"I've heard about simple machines," Rosa said, brightening. "In addition to the lever, there's
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the inclined plane, and ... I've forgotten the others."

"The inclined plane, the wedge, and the screw," Dawn added quickly, "plus pulleys and the
wheel and axle."

"But | remember from Physical Science, there are different kinds of levers Ak vilai
called them different ‘classes’. Do they all work the same way?" Oliver askbdsome
surprise. "Doesn't it make a difference with a lever what kind it is, or where aicisg¥"

Dave picked up a board to illustrate his point. "With this one board as a lever, you can get
lots of different mechanical advantages. For example, | can pivot the board toward the middle
and lift something at the other end. Or | can pivot the board at the end and lift something toward
the middle. But either way, all | need to know is the distance of each force from the pivot point,
which is the point that doesn't move. That point is called the fulcrum.”

I — f‘rg_',;
[
)

Fulerum £ J, A fulerum

"Sod, is the distance fro to the fulcrum, and, is the distance frorf to the fulcrum?"
asked Oliver. "And is it really exactly the same whether the load is between tinenfaled my
hand or on the opposite side of the fulcrum from my hand? That seems really surprising!"

"That's right,” Chris answered him. "It doesn't matter exactly where the foecezcapt for
the distance of each force from the fulcrum. We can even apply the same formula to the lug
wrench Dave was using on that wheel. Each arm is 10 inches, or 25 cm, long and the nut has a
radius of about 3/8 inch, or 1 cm, with the center of the bolt as the center of rotation. So the
wrench gives an advantage of about 25, depending a little bit on just where you hold it. Dave was
able to push down on one side with about 100 Ib and pull up on the other side with 100 Ib, so the
forces at the rim of the nut added up to about 2 x 25 x 100 Ib = 5000 Ib. That's 2 %2 ton. It's no
wonder the nut turns, even if it is stuck!

"When we try to twist something, the amount of twist is best described by the product of
force times distance, or force times radius, as we were just calculatingal\eah a twist a
torque But now we need to get something done on those wheels, and not just ‘torque’ about it,”
Chris added.

“Ugh!” said David, “He’s punny.” But he and the others smiled as they started back to work,
removing and moving tires. They knew they could stop Chris anytime by raising a question about
physics. But they also wanted to get the car fixed up and the float completed.

* * * * *

Practice Problems

1. A weight of 10 Ib sits on a balance beam 30 in. from the fulcrum. What weight would be
required on the other side, 20 in. from the fulcrum, to balance the beam? 151b
[Note: Be sure you draw a picture and enter distances on the picture carefully.]

2. A weight of 150 Ib is 6 in. from the fulcrum of a lever. What weight is required 30 in. from the
fulcrum on the other side to lift the 150 I1b?
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3. A weight of 90 Ib is 3 in. from the fulcrum. Where should a weight of 27 |b be placed on the
opposite side for balance? 10 in.
4. A weight of 5 oz is hung 8 in. from the support of a balance beam. Where should a weight of
2 0z be hung on the other side for balance?
5. Abar 15in. long is employed as a lever, with the fulcrum at one end and the load, of 200 Ib, 3
in. from that end. What force is required at the other end of the bar to lift the load? 40 Ib
6. Arod 20 in. long is used as a lever, pivoted about one end. A load of 4 |b is placed 3 in. from
the pivot end. What force is required at the other end to lift the load?
7. A board 8 ft long is used as a lever to lift a load of 200 Ib. The fulcrum is 3 ft from one end
and the load is 1 ft from that same end. Whatgfasaequired at the other end to lift the load?

80 1b
8. Alever is pivoted at one end and lifted at the other end. The load is 4 in. from the pivot end
and 16 in. from the other end. If the load is 100 Ib, what lifting force is required?

Stretching Questions:

All of the simple machines obey the same basic equation,

fid, =fd,

1. Aboard 40 in. long is lifted 5 in. at one end to form a ramp. A force of 10 Ib is sufficient to
push a frictionless cart that weighs 80 |b up the slope. Draw a picture of the slope andfidentif
f,, d;, andd.,.
[Note: Choice of whether the 80 Ib or the 10 Ib is arbitrary; do it whichever way you prefer,
since either will work. However, having made that choice, you must thew iclgo with your
f, andd, to go with yourf,.]
2. A winch consists of a drum that can rotate and a handle rotating about the same axis, to turn
the drum. Turning the winch lets out or brings in the rope wrapped around it. A certain winch
handle is 30 in. long, measured from the center of rotation. An anchor hangs from the winch on a
rope wound about a shaft of 10 in. radius. The anchor weighs 45 Ib but 15 Ib, at the end of the
winch handle, would be sufficient to lift it if there were no friction. Draw a figure batly
mark f,, f,, d,, andd..
3. Avery slippery screw has a circumference of 9.4 in. A force of 2 Ib, at the outside edge of the
screw, is sufficient to lift a weight of 47 |b a height of 0.40 in. with the screw. On the drawing,
show, with arrows, where a fordg, would be appliedf{ = 2 Ib) and some distance it moveg) (
Showf,, the force that would lift the 47 Ib weight, and the distadgehatf, would move.

4. Putting the Squeeze On

"These tires coming off look pretty good," Dawn c¢oented as she wheeled another one away
to the pile in the corner. "Why do you want to change them?"

"l think Chris believes the float may be too much of a load for tisesall tires," Dave
responded.

"That's right," Chris confirmed. "We'll put on sertruck tires that are larger and operate with
higher air pressure.”
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Dawn seemed unconvinced that it made much differencease picked up the argument.
"Let's suppose the car itself would normally we3@@0 Ib. Then we know that amounts to a weight,
or downward force, of 3000 Ib/4 = 750 Ib at eacleeth These tires are inflated to 35 I3/in. or 230
kPa. (This other scale on the air gauge reads in kilopascals; theipdéisesS| unit of pressure.)
If a pressure of 35 Ib/if. is going to provide a lifting force of #gaHere has to be more than 1
square inch in contact with the pavement. In thet,contact area—often called tbetprint of the
tire—must be 750/35 . , which is a little morart20 square inches. In other words, one square
inch of tire, at a pressure of 35 Ibfin. , will gi@esupporting force of 35 Ib; 24n. at 35 IFin.llgive
70 lb; and 20 irf. at 35 Ib/ih. will give 700 Ib."

"But what happens if another passenger gets istoal?" Dawn replied. "That would increase
the downward force at each wheel, wouldn't it?"

"Yes, " Dave agreed. "The simplest way to take care ofghatlet each tire get squeezed a
little bit flatter. If we add 200 Ib to the 3008, then each wheel supports 3200 Ib/4 = 800 ltheso
area would have to increase to 800 Ib/(35 IBb/in. ). Let's see; 8/32 is 1/4, so 800/35 is a little
less than 25 iA. . You wouldn't be able to see the difference in the tires.

pressure = force/area
or
force = pressure x area
f = force = 750 Ib;P = pressure = 35 Ib/if.
A = area = 21.(4) iA.
750 Ib = 35 Ib/irt x 21.(4) iA.

"On the other hand, if you wanted to carry a relaélgvy load, you could increase the pressure
in the tires. But passenger car tires aren't tulibld more than about 35 Ib/in. safely, so yaoghin
need to go to a special tire. We could also choose a largénairwould naturally have a larger
footprint. Big trucks have big tires, and mordhl®m, so there is more tire area in contact wigh th
road, and they also put higher air pressure in BachMore pressure, more area per tire, ancemor
tires give a much greater supporting force, allowing big trucks to carry much heavier loads."

Turning to Chris, Dave added, "Will we have torkoabout the springs and shock absorbers,
also?"

"We could probably get by, except that you cantBese springs and shocks are already pretty
worn. Someone has used this car pretty hard. |ady had decided the springs and shocks should
be replaced, so we'll put heavier duty ones on. The new ones are over by the new tires."

Dave took the time to walk over to see what type of springs and shockeissGhris had
picked out. Dawn tagged along to see what else she could learn.

"I understand what the springs are for," she said. "That's like springs on a bed orteegofa; t
let you bounce a little instead of getting a jkie the jolt a wooden chair or bench gives you whe
you sit down. But what are the shock absorbersydrat do they do? Are they just another kind
of spring?"

"No. The springs on a car are usually much bsgigngs than on a bed or couch. With just the
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springs, every time you hit a bump the car wouldrio® up and down and up and down for five or
ten cycles. That is annoying, and it's also damggerbecause you don't have very good steering or
braking control when the car is trying to bounce off the paremShock absorbers provide what
is calleddamping

"You know the difference between a screen door that just has a spdngna that has a
pneumatic closer? A simple spring will pull the door closed, ntakislam. The door closers
contain a spring, also, but they have a piston in a cylinder, so as theattsotaspull closed, the
piston builds up air pressure in the cylinder ary@nts the door from closing. There is a checkeval
that lets air pass into the cylinder rapidly when the door is opening, lyuh anhall hole to let it
escape when the door closes.”

"That's ingenious," Dawn exclaimed. "I've seenrddosers many times, and used them, but
didn't quite know how they worked. And do shockabers also have a piston that compresses air
and have a hidden spring?"

"They don't need the spring to pull the car doWhe weight of the car brings it back down to
where it should be, and the car springs lift it ghock absorbers are filled with a liquid, althbug
some, called air shocks, also have cylinders wiittsaock absorbers are designed to leak fluidifair
slowly through a small opening, from one chambeartother in either direction. You want a door
to open fast and close slowly, but you don't want your car to gw dpwn too fast, so shock
absorbers work to slow down movement in either direction.

"Here's another way of using liquids to work for'u3ave commented as he picked up a small
hydraulic jack. He was enjoying being the locglexx for the moment. "This does the same sort of
job as the jack we were using on the car, buvilives quite a different principle, although there
also a long lever arm here; the handle fits ini®gleeve that rotates about the pin. The bigreiffee
is that on the bumper jack, the other end of tlaerléfts the car; here the sleeve, as it rocksugh
down, works a little pump that increases the pressure in the small cylinder."

“How does that lift the car?" Dawn looked a little puzzled.

“In a nutshell, pressure is force divided by area, so the product of pressure aRd\aiea,
force. Pressure is transmitted from one part of the jack to another, so force is @napati
area. A moderate force applied to a small area gives a very large force on a ngarasek/
Dave explained.

“That sounds O.K.,” Dawn agreed, “but I'm not sure | see how it applies here.”

“This small piston and cylinder are connected ®ftt cylinder and piston next to it. The top
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of that larger piston comes out the top, here,"Rade turned the adjusting screw at the top of the
piston to show where the piston shaft rose from the fat cylindekingiap the pieces of the jack
handle, he put one into another and stuck the ddsdiength into the sleeve of the jack. The handl
fell by its own weight, causing the piston to rise very slightly above the top of the dgttgeler.
Each time the handle was lifted and fell back down, the piston rose a little farther.

"That looks even easier than the bumper jack ppese there is a check valve that allows you
to lift the handle each time without lowering the top of the jackt Hdw do you lower the jack
when you want to let a car down again?"

Removing the handle, Dave turned it end for endpanidhe narrow end on a rectangular screw
at the base of the jack. With a twist of the s¢ribn pressure inside was relieved and Dave was abl
to push the top of the jack downward again. He then retightened thesscthes jack would be
ready for use again. "This same principle is usete large hydraulic lifts in service stationsjebh
pick up a whole car at once, and in many elevdtbesadded. "We can use the same equation for
the hydraulic jack that we use for the six simple machines:

fid, =fd,
The smaller the force you apply, the farther you must move. The meahadiantage of the
hydraulic jack can be found another way, thoudhs just equal to the ratio of tlaeeaof the large
piston to theareaof the small piston. And since area depends oretffies squared, or the diameter
squared, the mechanical advantage of a hydraulic jack is eqted 2quareof the ratio of the
diameter of the large piston to the diameter of the small piston.”

Mechanical advantage of a hydraulic jack

_ areaf Iargepiston: (diametet)of largepiston
areaf smalpiston (diametet)of smalpiston

“Time out!”, Oliver injected from his location near by. “We hagteed that all simple machines
depend on a ratio of distances. Now you are telimthat the hydraulic jack mechanical advantage
depends on a ratio of squares of distances.”

“O.K., I left out a step,” David conceded. “Firggu know that a liquid doesn’t compress much
at all. So when you apply pressure to the liquid in the reserlieigdlume of the liquid remains
constant. (The fancy way of saying that is thatvblume is ‘preserved’.) Volume of liquid is equa
to the cross-sectional area times a length, wisitha distance the piston moves. So the important
distance ratio, moved by the piston, is also etjutile ratio of areas of the pistons, but upsidendo
So the hydraulic jackA is equal to the ratio of piston areas, as | said. | just lefth@uteason
why.”

“That makes sense,” Oliver conceded as he returned to the process of changing tires.

"Isn't the hydraulic jack considered one of the simple machines?" Dawn inquired.

"It probably should have been, but apparently it wasn't around when someacegk thansix
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simple machines some centuries ago, so it was left out,” Dave replied.

By this time Oliver and Rosa had finished changfmagtires. Oliver operated the four-armed lug
wrench to loosen the nuts and then he deftly spirémove the nuts and to replace them. He also
lifted the tires off and on. But Rosa insisted on operating the jaeknd@ very important and
powerful as she lifted and lowered each cornehefcar in succession. "I'll bet | could change the
tires, too," she thought to herself, "but not as easily as Oliver does!"

"There's a football game this weekend," Oliver nugr@d as they were ready to leave the shop.
"Would all of you like to meet me before the gant&fice | can't play with the team this fall, maybe
| can explain some of what is going on."

Rosa's eyes flashed as she said, "Oh, that would be nice!"

"If Dawn is going too, that might be a good chance to get to know helecbktter," Dave
thought to himself.

They all agreed to meet Oliver at the stadium half an hour before game time.

* * * * *

Practice Problems
1. A wheel supports a weight of 600 Ib. If the thas a (gauge) pressure of 35 I3/in. , what is the
“footprint” (the area of the tire in contact with the pavement)? 17 in?
2. If the air pressure is reduced to 30 IB/in. in a tire supgp@O Ib, what will be the new area
of the tire in contact with the pavement?
3. A car weighs 2800 Ib and each tire is inflaed5 Ib/in? What is the area of each tire in echt
with the pavement (assuming an equal load for each wheel)? 2 20in.
4. How will the area of contact of each tire charfga family of four, with weights of 220 Ib, 140
Ib, 120 Ib, and 160 Ib, get into the car (of problem 3)?
5. A hydraulic jack has one piston that is 1.himcdiameter and a lifting piston that is 3.0 imch
diameter. For each pound of force applied to the small piston, wieatifoapplied by the large
piston?

9.01b
6. How far does the large piston move (in problem 5) if the small piston moves 1.0 inch?

Stretching Questions:

1. Which is larger, the volume swept out per srbi the small piston or the volume swept out per
stroke by the large piston, in a hydraulic jackam they the same? How can you be sure of your
answer?

2. An 18 inch handle on a hydraulic jack, pivoted 0.50 inch from the enththes the piston,
moves a 1.0 inch diameter piston through a distah®e25 inch, which causes a 2.0 inch diameter
piston to lift a load of 1000 Ib. What force was required at the end of the jack handle?

5. The Game

Oliver was waiting for them as the members of the group arrived at the stadiumen#anc
they found seats, the teams were still on the field, going through exercises and timieg,practi
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including passing patterns and snapping the ball for place kicking.

"Timing is the key to both the passing and kicking game," Oliver commented. "But assuming
the backs and kickers are competent, the real secret to winning the game is in tifehi@es. |
offensive line can drive back the defense, or hold them out for five seconds or more on a pass
play, both the running and passing plays will usually gain. On the other hand, if the defensive line
can hold against the run or can rush the passer so he doesn't have time to look for an open
receiver, the defense can force the selection of plays by the offense. When the defense knows
what's coming, they have a big advantage."

"Is it primarily size, or strength, or speed, or something else that determines iw&iahill
dominate?" Dawn asked.

"It's usually a combination,” Oliver replied. "I've seen lines so big they just push the other
team around, but I've also seen small lines that seem to run circles around bigger opponents.
Tactics depend on what advantages and disadvantages you have at your disposal, and also where
you are on the field or in the game.

“Remember that the offensive line starts with the advantage of knowing the snap count.
That's important, because knowing when the ball will be snapped lets the offensive linerstove fi
They can jump across the line before the defense can get started, and that also medwes when t
players meet, the offensive player is moving faster, so other things being equal he has a bette
chance to knock the defensive player backward."

“That's a good example of inertia,” added Dave. "Each player has a certain amount of
inertia—big players have more than little players."

“Is that the same as weight?" Rosa interrupted.

“No," Dave replied. "But there is a connection. The players with the most inertia have the
most weight and probably have the greatest volume. There are important differences, though.
Volume, or size, is something you can find from what you would measure with a ruler—length
times width times height for a box, for example.

(Rosa nodded knowingly, recalling the exercises she and Oliver had gone through with
lengths, areas, and volumes.)

“Knowing how big a box is doesn't tell you whether it's heavy or light, does it?" Dave
continued.

“Not unless you know what's in it," Rosa agreed.

“How big it is would be called the volume. You may remember when we were talking about
the size of the float and the size of the model, we said that all volumes involved a produss of thr
lengths, whether it wasx W x H or 4 r® or something else."

“Yes, | remember our talking about that," Rosa responded.

“Weight is what you would usually measure with bathroom scales, or the scales at the
grocery store, or something equivalent,” Dave continued. "Weight is really just a forcéhelt |
force with which the Earth pulls something downward."

“Is the force always downward?" Dawn asked.

“Yes, because in practice that's what we mean by ‘down’,” Chris threw in. "It's apprbximate
toward the center of the Earth, but there are some small effects that get mixédtiheweight.

So | guess you could say that the weight itself is toward the center of the Earth but what we
measure as weight is downward, and the two are almost the same."
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“That's confusing!" Rosa exclaimed.

“Don't worry about it now," Dave suggested. "Just think of weight as how much you, or
other objects, are being pulled down. Inertia isn't a pull, down or up or any other direction; it is
quite different.”

"Then just what is inertia?" Dawn asked. "Does it have to do with how fast something is
moving?"

"No. The inertia of any object is exactly the same whether the body is still or is moving
slowly or moving rapidly," explained Dave.

"Actually, you'll learn in your physics course that it doesn't really have any meaning to talk
about how fast something is moving," Chris began.

"Oh, come on now! | can sure tell whether I'm sitting still here relaxing or running around on
the field!" Oliver interrupted.

"That's right,” Chris laughed. "You didn't let me finish. It isn't really whether you are moving
or not that's important. Remember the Earth is moving all the time, so you are too. What makes
a difference to you is whether you and the seat or the ground are moving at the same speed, in the
same direction, or not. You could be just as relaxed riding in a car or an airplane, couldn't you?"

"Yeah. That's right,” Oliver replied, slightly sheepishly, because he realized he had jompe
an incorrect conclusion about what Chris was trying to explain. "It doesn't take any effort on my
part to ride in a car or bus or plane. In fact | usually forget I'm moving when | get involved in
reading.”

"Exactly," Chris agreed. Absolute motiomloesn't have any meaning, because we can't
measure it. That's called the principle of relativity."

"That's something Einstein invented, isn't it?" Rosa added quickly.

“No," Dave replied. “Einstein added a lot to our understanding, but Galileo and Kepler and
probably a bunch of other people were arguing for something called the ‘law of inertia’ by about
1600 A.D., and later in the century Newton showed that it is quite general for things on Earth and
in the solar system.

"Galileo pointed out that what we observe is often a sum of two speeds. To use a modern
example, if a passenger is walking forward on a bus at 2 mi/h while the bus is approaching an
intersection at 10 mi/h, the passenger is moving toward the intersection at 10 + 2 = 12 mi/h. If
the passenger is walking toward the rear of the bus, the speed is 10 - 2 = 8 mi/h.

"If the speed of the bus g and the speed of the passenges,ithen the rate the passenger
approaches the intersection is

V=V, +V, OF V=V;-V,
depending on relative directions of bus and passenger.”

"That seems pretty obvious," Rosa agreed.

"Yes, it is, at least when you are aware of all the motions," Chris concurred, “busisglpri
it is valid only when the motions are slow, like turtles or race cars or jet planesorNesually
doesn’t get credit for the idea, probably because he picked some poor terminology, but he was the
one who pointed out that we cannot detect absolute motion. Einstein added some important ideas
near the beginning of the last century. He showed that the ideas were not quite as simple as
Galileo and Newton had thought, but also that the principles are even more general than anyone
had thought up to that time."
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"l think you were telling us something about inertia,” Oliver added. "I know what goes on in
the line, but I'm not sure | understand all of the reasons. If inertia isn't weight and ibisort, m
whatis it?"

"Inertia is the property of a body that tends to keep it from moving, or that keeps it moving
when it is once started,"” Dave explained.

"That's one way of explaining it," Chris agreed, "but there may be a better way. Every object
at rest stays at rest if there are no forces acting on it to make it move, so we doo'tthiegd t
about inertia just to keep an object at rest."”

"l guess that's right,” Dave responded thoughtfully.

"But remember that being at rest and being in motion are really the same thing—wd can't te
the difference,"” Chris continued. "For example, it doesn't seem as if we are moving at/h000 mi
as we sit here, because we don't see objects near by that are not moving at 1000 mi/h."

"What do you mean, we're moving at 1000 mi/h?" Rose queried. "I'm sumeleegone
that fast!"

"0.K. I should have been more specific,” Chris agreed. "Relative to the center oftthe Ear
we are moving at about 1000 mi/h because the Earth is rotating. It takes us 24 hours to go
around, and that distance is 25000 mi at the equator, or a little less where we are. So we are
moving about 1000 mi/h relative to the center of the Earth."

"Wow! | didn't know | could movéhatfast!" Oliver exclaimed with a laugh.

"If we don't need inertia to keep things at rest or moving at constant speed in a straight line,
then | guess I'm not quite sure what inertia is," Dave volunteered.

"l think you had basically the right idea," Chris suggested. "Inertia becomes important when
we try tochangethe motion of an object. If a body is at rest (relative to you) and you try to put
it into motion, then it makes a lot of difference whether it is a marble or a locomotige. A
unbalanced force is enough to gagy object some acceleration, but for a given force the marble
accelerates a lot more than the locomotive."

"I hadn't thought of it quite that way," Dave responded, "but | think | see the difference.
Inertia doesn't make something remain still or keep it moving in a straight line, but the amount
inertia the object has determines how hard it will be to change the motion. And a body has the
same inertia no matter how fast it's going; otherwise we could tell how fast sagnistgpbing by
measuring the inertia."

"But we cantell how fast something is going relative to us," Dawn added.

"Yes," Dave agreed, "or how fast it is going relative to something else. It's jugbdldt s
doesn't really have a meaning except as a speed relative to something else."

"O.K.," Oliver agreed. "So we know every object has inertia, and its inertia doesn't depend
on how fast it's going, or | guess | should say, how fast it's going relative to the ground. How do
we know how much inertia it has?"

"Just by trying to change its motion," Dave replied. "Changing the motion in any
way—increasing speed, decreasing speed, or changing direction—requires some netigrce acti
on the object.”

"Is that a force like weight?" Rosa asked.

"Yes, it could be. If the quarterback throws the football up in the air, it will come back
down. It started up, then came down, so it changed its direction of motion, and changed its
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speed, too. In that case it is the weight that causes the change in motion. When the quarterback
threw the football, it was his arm that exerted the force that gave the ball itebnigtion. If

the receiver catches it, he exerts a force that stops its motion and keeps it fiamrgpon to

the ground.”

"So are you saying if a body has more inertia, it will take more force to change its motion a
certain way?" Oliver inquired.

"That's right. It takes a lot more force to start a bowling ball moving than a balloon of the
same size. The bowling ball has more inertia.”

"It also has more weight," Rosa added.

"Yes," Dave agreed. "That's why so many people get weight and inertia mixed up. They
even use the wrong units. But remember weight is a force, always directed downward. Inerti
measures how much effect a force will have on a body."

"If the inertia of a body is the same regardless of how fast it's moving, why does it make
such a difference whether a player is moving toward me or not when we collide?" kegr as
"If he is standing still and I'm moving, | can usually run through him or knock him over, but if he's
moving and I'm standing still he has a good chance of knocking me down."

"That's a combination of inertia and speed," Chris replied, entering the conversation again.
"If he is moving he tends to keep moving. The more inertia he has, the more force you have to
exert to change his motion. But also, the faster he is moving the more you have to change his
motion to bring him to a stop, relative to you. So both his inertia and his speed are important,
just as your inertia and your speed relative to him are important. If you are moving, you tend to
keep moving. If he is stationary relative to the ground, he tends to remain stationary t@lative
the ground but in trying to change your motion, his motion gets changed. The result is likely to
be that you slow down and he speeds up, backwards. So you end up on your feet, moving
slower, and he ends up on his back."

"That's the way | prefer it,” said Oliver, and his smile gave evidence of recallirgmetty
hard encounters on the field.

"l can't believehis!" Rosa interrupted, looking at her program. "See the weights of the
Central High players? A thousand fifty, eleven hundred; even the backs are around 800 to 900.
They don'look that big!"

"A number doesn't have much meaning without a unit,"” Dave cautioned. "What units does it
have for those weights?"

"l can't find any,"” Rosa complained. "It just says 'N'."

Chris laughed. "Those anewtons' he explained. "Some years ago the rest of the world
converted to the International System of units, called SI. We have been changing much more
slowly. You can buy some liquids now in liters, instead of pints or quarts or gallons. Track
events have shifted from yards and miles to meters and kilometers, because ofioméatrnat
competition. We also see a few other differences from time to time, such &s imetads on
bolts in cars.

"This is an attempt to go one step farther, by expressing weights in newtons. A newton is
roughly a quarter of a pound. That quarter-pound hamburger | had yesterday weighed slightly
more than a newton before it was cooked, but less than a newton when | got it."

"Is that the same thing as a kilogram?" Dawn asked.
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"No. They measure different things. Do you remember that Dave mentioned many people
confuse weight, which is a force, and inertia, which is sort of a resistance to fotesea get
the units mixed? The kilogram is a unit of inertia, or what we prefer tonea One reason for
the confusion is that an object that has 1 kilogram of inertia will wahglitthe same amount
anywhere on Earth—about 9.8 N— although there are some measurable differences in weight
depending on where you are. We don't need to worry about kilograms today."

Just then the Washington linemen used their strength to change their state of motion and
move ahead, knocking down the Central High linemen, and the tailback started down the field,
pushing against the ground sideways from time to time to change the direction of his motion.
Everyone forgot about newtons and kilograms and inertia and weight as he crossed the goal
line.

*
*
*
*
*
*

Practice Problems
1. A fisherman sitting alongside a canal sees a barge moving to her right at 10 km/h. A deck
hand is walking toward the bow of the barge at 5 km/h.

a. What is the speed of the deck hand as observed by the fisherman?

b. What is the speed of the fisherman as observed by the deck hand?

a. 15 km/hb. 15 km/h

2. The deck hand reaches the bow, turns, and walks toward the stern at 5 km/h.

a. What is the speed of the deck hand, then, as observed by the fisherman?

b. What is the speed of the fisherman as observed by the deck hand?
3. The surface of the Earth is moving toward the east, because of the Earth's daily rotation, a
approximately 1600 km/h. At the same time, at noon, the Earth is moving the opposite direction
(toward the west, for a person on the Earth) in its annual motion around the sun, at approximately
106,000 km/h (relative to the solar system). How fast is the Empire State building moving
(relative to the solar system) at noon?
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104,400 km/h
4. At midnight, the annual motion of the Earth around the Sun is in the direction we would call
east. The daily rotation is, of course, also toward the east. How fast is the Emugifeu8ting
moving (relative to the solar system) at midnight?
5. When an object is thrown, what property of the object causes it to change its speed and its
direction? w
6. When an object is thrown, what property of the object resists any change in speed or in
direction?
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7. What is the Sl unit for measuring weight? N
8. What is the Sl unit for measuring inertia?

Stretching Questions:

1. What is your approximate weight in newtons?

2. What is your height in meters?

3. What is your arm span (finger tip to finger tip, with arms outstretched) in meters?

4. Confirm, with careful sketches, that the surface of the Earth moves toward {ieeasse of
the daily rotation, but moves toward the west, at nobae., §how, by comparing magnitudes,
whether the diurnal or annual motion predominates anddtraotion of a point on the Earth at
noonvs.at midnight changes direction.]

Activity

An inertial balanceis a simple device that allows us to determine inertia by measuring the
time it takes for an object to oscillaieg(, to vibrate back and forth), comparing the time with a
known object. An inertial balance may be constructed by clamping two hack saw blades parallel
to each other, fastening the object of known or unknown inertia between the blades at the far end
from where they are supported. Wguareof the time increases in proportion to the inertia.

Construct an inertial balance and measure some objects. Do heavier objects always ha
more inertia? Does the size of an object let you predict its inertia?

6. The Carburetor

After the game, which Washington High won, Chris suggested they stop for a snack at
George's Grill. Rosa decided she would order a 1 N burger, but Dawn assured her the waitress
wouldn't have any idea what a 'newton burger' was, so she asked for a quarter-pounder and
ceremoniously renamed it when it was served, much to the delight of her companions and the
puzzlement of the waitress. Conversation turned to the game at first, and gsfieaifiby
play late in the game when the Washington quarterback dropped back to pass. A very large
Central line backer was blitzing on the play and it seemed unlikely the small running back,
Sylvester, who was protecting the passer, would be able to stop the rush. The blocker went
low, however, and the charging linebacker went flying over him onto the ground. The
guarterback dumped the ball over the line to the fullback in the area where the linebacker
would have been, and the fullback scored.

"Do you remember what | had said about using the opponent's strength to beat him?"
Oliver commented. "That's what Sylvester—we all call him Hi-O Silver—did on &lyatIpl
guess if we explain it in the terms Dave was using, we'd say the line backer, Tom, had speed and
inertia, so Hi-O just stopped Tom's feet and nothing stopped his top until he crashed into the
ground. However you explain it, it's just the kind of finesse Coach keeps telling us about."

When the conversation lagged briefly, a few minutes later, Dave asked Chris whether the
engine was ready for the float vehicle.

"It hasn't been running quite right,” Chris replied. "You probably recall the car is very old.
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That's why it was donated. It has generally been running well, but I think there are some
problems with the carburetor. | suspect the choke is sticking."

"What is a carburetor, anyway?" asked Rosa.

"It puts gas into the engine," Oliver volunteered.

"Is it a kind of pump?" Dawn asked.

"No, there is a small gasoline pump that brings the gas from the tank to the carburetor, but
the carburetor is more like a control valve,"” Dave replied. “Cars now have replaced
carburetors with fuel injection devices that meter the fuel, and they have computel tha
engine how much fuel to inject into the engine. But carburetors are relatively simplesdéat
work quite well, and are still built into many engines such as lawn mowers.”

Pulling over a paper napkin, Chris sketched the basic design of a carburetor. "First, we
don't want engine performance to depend too much on the fuel pump. Sometimes we don't
need much gas, but when you are starting, or going up hill, or passing on the highway you may
need more than the fuel pump could provide. The carburetor bowl provides a reservoir to take
care of that. The small brass float controls a valve at the top that admits just enbtrgmfue
the fuel-pump line to keep the gas in the carburetor at the proper level."

"If it's brass, isn't it heavy?" Rosa wanted to know. "I have some brass candlesticks and
they are really quite heavy. They sure wouldn't float."

"Of course you're right," Chris assured her. "Solid brass would be quite heavy, although this
piece wouldn't be nearly as heavy as your candlesticks because it isn't as big. Brass has a high
density—even higher than iron. For objects of the same size a wooden object would weigh less
than one that is filled with water, a steel object would weigh more than the water, asd a br
object would weigh more than the steel. If you double the volume of any of them, you would also
double the weight, whether they are solid wood or steel or brass, or completely filled teith wa
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"The carburetor float is made of brass, because brass is durable and easier tashstpelt
To keep it light, it's hollow, so there is a small amount of brass but a large volume, mostly air
which doesn't weigh much. What is important isdbasity that is the inertia, or mass, divided
by the volume. The effective density of the hollow brass bulb is quite low. Once in a while a
brass carburetor float will develop a small leak. Then it fills with gasoline. dmbination of
brass and gasoline is too heavy, for its size, to float in gasoline, so the bulb sinks, just as if the
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carburetor were empty. The fuel line opens up and the carburetor gets flooded with gas."

"That sounds like too much of a good thing," Dawn laughed.

"Yeah," Oliver agreed, "except it's hard to find anything good about a car that stalls. My
Dad's car had that problem a few years ago. It took us a while to find out what was wrong. | did
a lot more walking than usual for a couple of weeks."

"Poor Oliver," Rosa laughed to herself, but said nothing.

"What happens to the gas after it gets into the carburetor bowl, Chris?" Dawn asked.

"Do you remember seeing the old-fashioned perfume bottles, called 'atomizers'? When you
squeezed the rubber bulb, a stream of air would pick up some liquid. The liquid caught in the air
stream would get broken up into very small droplets.”

Oliver, with a gleam in his eye, picked up two straws. One he placed vertically in a glass of
water; the other he put horizontally across the top of the first, so that the open end of the second
was directly above the open end of the vertical straw. With a little puff of air through the
horizontal straw he sent a fine mist along the table top.

d - -
Air IRV Soray

"Stop that, Oliver!" Rosa demanded.

"That can get sort of messy, but Oliver showed the principle very nicely. A fellow named
Bernoulli, who lived a couple of centuries ago, noticed that liquids exert less pressuréeyhen t
are moving rapidly. He even found an equation that tells how the pressure changes as the speed
changes.

"The air coming through the horizontal straw was moving faster, and has a lower pressure
than the still air around it,” Chris continued. "The still air is pushing down on the water in the
glass more than the air above the straw pushes down on the water in the straw. Airamvtise str
being swept away by the horizontal flow. Therefore the water climbs in the stravg jugba
were lowering the pressure in the straw by sucking on it to drink the water. The water tise
straw, gets caught in the flowing air stream, and breaks into a fine mist, as you saw."

“I've heard of the Bernoulli effect,” Dawn commented, “but it just doesn’t seem to make
sense. A vacuum-cleaner salesman showed he could support a light bulb in a horizontal air
stream. But why should air have a lower pressure jut because it is moving faster?”

“And how does the air even know how fast it is moving to know what its pressure should
be?” Dave injected.

“Good questions,” Chris agreed. “They were sorted out in some fairly recent papers our
physics teacher pointed out to us. If the flow is uniform, in a strait line at constant speed, t
won't be any change in pressure. But think about a slightly different question, or a different way
of asking the same question. We know sometimes there are changes of speed in a moving fluid.

2/27/07 AWOP 6 -26



What causes the fluid to change speed?”

“Oh! It must be a force acting,” Dave replied, “which is another way of saying there must be
a pressure difference along the flow. So of course that means the pressure drop paesks a s
increase. We were just looking at it backward, as if a speed increase causedra grep$’

“O.K.,” Dawn agreed, “but can we explain why there is a pressure difference? We don’t
have any pistons acting to build up pressure.”

“In all, or almost all, of the problems of interest, the explanation is simply centrituge,”

Chris explained. “Without going into all the details, you know going around a curve causes things
to move to the outside — you recall that's because they naturally tend to move in a straight line.
That produces a lower pressure at the center, which causes the fluid behind to speed up.”

“How does all of that fit with a carburetor,” Dawn persisted. "I'm sure a carbuletsn't
have a rubber bulb to squeeze or someone blowing on a straw," she laughed.

“Let's start with the engine,"” Chris continued. "The pistons draw in air and gas, then
compress the mixture. The pistons are driven back as the fuel burns and the heated gas expands,
then they sweep out the gas, which is still quite hot, on the exhaust stroke. The action of the
pistons produces a vacuum in the pipe calledrtasifold—because there are several openings
off of it. That vacuum pulls air in from outside, or lets air get pushed in by atmospheric @ressur
through a tube running down the center of the carburetor, catladel or thethroat

A small pipe leads from the carburetor bowl into the throat, like the vertical Stfaer put
in the glass of water. Air rushing through the throat to the engine bends as it goes through the
venturi tube and around the gas feed tube. The air picks up gasoline from the top of the small
tube, breaking it into very small drops so it evaporates before it gets to the engine."

"Will the gas still work in the engine if it has evaporated?" Rosa asked, returning to the
original discussion.

Dave nodded his head. "Actually the gasoline bonigif it has vaporized first. Any liquid
drops remain unburned and pass out with the hot exhaust gases. That contributes air pollution
without providing power for the car."”

"It doesn't seem to me the air would be moving fast enough to pick up very much gasoline,”
Oliver commented. "And if it picks up enough when the engine is idling, that wouldn't be enough
for high speeds or quick accelerations, would it?"

Dave continued the explanation. "What Chris has described is the basic idea. Theoe are a |
of design details he hasn't mentioned. For example, there are different openings for feéding fue
when the car is idling and when it is running. One of the primary ideas he had not yet come to is
that the throat of the carburetor gets narrower where the air picks up the gasolineeaimatira
air has to go faster through the narrow region, so it has a lower pressure and picks up more
gasoline. The narrow section is callegdeaturitube.”

"How does the driver control the amount of gasoline,” Dawn asked. "l know if you step on
the gas pedal it makes the car go faster. If that opens some kind of valve in the fuel line, what
does the carburetor have to do with it?"

"Stepping on the accelerator pedal primarily changes the air flow," Dave respondedt "A fl
plate, called théhrottle, at the bottom of the carburetor rotates to allow more or less air to get
through. That changes the speed of the air in the venturi tube, changing the amount of gasoline
picked up. Itis tricky to design, because the ratio of air to gasoline has to be nearly constant
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while the amount of each is changing a great deal.

"It takes about 15 parts of air, by weight, for each part of gasoline. If you get too much
air—for example as much as 19 to 1—the gasoline won't ignite in the cylinders. The mixture is
'too lean' and the car doesn't run. The same thing happens if the mixture is too 'rich' in gasoline.
If there is less than an 8 to 1 ratio of air to fuel the gasoline doesn't ignite and théscar sta

"It sounds as if designing a carburetor must be rather hard.” Oliver was clearlgsatpre
with the combination of chemistry and physics ideas involved in what looked like a simple
mechanical device.

"Yes," Dave continued, "that's why you can't switch carburetors between engines. Even the
same make and year of car may have several different carburetor designs."

"Just one other question," said Dawn. "l keep hearing about ‘chokes' on cars. Why would
you want to choke a car? It doesn't sound very helpful (although I've known some people who
would have liked to do something even worse to their cars!)."

"The 15 to 1 air to fuel ratio is about right for most driving, but when the engine is cold, not
all of the fuel is vaporized, so the mixture leaving the carburetor must be richer. Anotizdvey
at the top of the carburetor, can close down and restrict the amount of air in a way thahmakes
mixture richer in fuel. That valve can be controlled through a cable that runs to the dashboard,
but usually it is controlled by a temperature measurement coil. When the engine is cold, the
automatic choke cuts down on the amount of air and makes the mixture richer; when the engine is
warm, the choke opens and lets the engine operate normally."

When they left George's Grill, Chris opened the hood of his car and showed Rosa and Dawn
where the carburetor was located, under the large air filter, and showed them théi@automa
choke.

"Let me show you one more special feature,” Dave said as he slid into the driver's seat.
"Watch the top of the open carburetor throat when | step on the gas pedal." As he pushed down
sharply on the pedal, a spout of gasoline shot upward. Joining the others at the engine, he
explained. "There is an accelerating pump that gives extra gas when you need to accelerate
rapidly. The extra gas goes with the extra air admitted by pushing down on the accelerator, until
the engine gets going faster and draws the air in faster, which draws in more gas."

"That's complicated," said Rosa.

"Yes, and there are other things about carburetors we haven't even mentioned," Dave agreed.
"When it isn't possible to balance the requirements for proper fuel mixture at low apedugh
speeds with one carburetor and one venturi tube, designers add a second or third venturi section
in line, or they may add a second barrel, or throat, next to the first one. Really high-performance
engines may have four-barrel carburetors. The design has become so difficult, ggpgoml|
to meet laws about air pollution, that cars now have changed to fuel injection systemsecontrol
by computers.”

"How do they work?" Oliver asked.

"The primary difference is that fuel injection systems measure the amdiquidfgasoline,
counting the drops admitted," Chris replied. "That way the air and gasoline can be monitored
separately, for better control. As | said before, the computer tells the engine how maich isf e
needed, depending on driving conditions. Some of the newer cars have also added more valves
on the cylinders, so each valve has a special function."
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"Now that | understand a little bit about what a carburetor has to do, I'm impressed they have
been able to do so much with just a few things like sizes of openings, shapes of tubes, and so
forth,” Dawn exclaimed. "I don't think I'm quite ready to hear about computers just yet."

Rosa and Oliver agreed, as they all climbed back into the car. Conversation returned to the
subject of the float for the parade and how they could divide up the supervision tasks as new
volunteers appeared to help in the construction.

* * * * * *

Practice Problems

1. For reasons that may be more apparent later, density is no longer defined in terms of weight,
but is the ratio of the inertia, or mass, of a body to the volume of the body. A certain block of
iron has inertia of 1.56 kg (1560 gram) and has a volume of 200 cm . What is the density, in
glcm?? 7.8 glcrh

2. How much mass would a block of iron (of density 7.8 g/cm ) have if it is 6.0 cm by 3.0 cm by
2.0cm?

3. Because of the shape of a wing, and/or the tilt of the wing with respect to the airsing pas
through, air passing above the wing travels faster than air passing below the wing. What effec
does this have on the wing? Lift

4. When a hurricane blows across the top of a house, is the pressure on the roof top greater or
smaller than the pressure from beneath the roof? What consequence will this have?

5. If two pages of a newspaper or book are close together, a puff of air directed at the edges
changes the local pressure distribution. Does this push the pages together or make them
separate? Explain. [Tryit.]

6. Slo and Mo argued about airplanes flying and wind tunnel tests. Slo said that in a wind tunnel,
the air is moving, so Bernoulli's principle should apply, but when an airplane flies through,still ai
the air is not moving so it cannot apply. Mo said that the relative speed is the same, so there
shouldn't be any difference. Which one was right? How can you know?

Stretching Questions:
1. Bernoulli's equation says that the pressure difference between two points along a flowing
liquid is given by

P=-% ()
where P is the pressure difference in newton/métefrho) is the density in kg/in , is the
speed in meter/second, anfl ?) is the difference in values of between the two points. (In
practice, the equation may nearly always be applied, also, to compare the pressurgoiatsw
notalong the same flow (if those points are each accessible by separate flows éromanc
region.) For example, if water (density 1000 k§/m ) flows at 1 m/s along one side of a boat but is
forced to flow at 2 m/s between the boat and a dock, the pressure difference is %2 x 1600 kg/m x
(22 - ) nt/¢ = 500 x 3 kg/més = 1500 NIm . If the boat has a side area 6f 30 m acted on by
this pressure, what force (in newtons) pushes the boat toward the dock? [Note: 4 kg-m/s =1 N.]
2. A hydrofoil is a boat that "flies" over the water supported by a wing immersed in water. The
relative speed of boat wing and water is 15 m/s on the top of the wing and 10 m/s on the bottom,
and the effective surface area of the wing is?> m . What upward force is provided (ieliily)
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the boat?

3. An airplane has an effective wing surface of 0 m and moves through air at 65 m/s, with the
air flow over the upper wing at 85 m/s. What lift is provided (ideally)? (The density ef air i
about 1 kg/m .)

4. What lift is provided on the roof of a house that is 10 m by 40 m if the wind blows over the
roof at 35 m/s (approx. minimum hurricane strength)? The air inside may be assumed to be at
rest.

5. If curvature is important, one might expect that “flattening” the flow past the end of a tube
(e.g, by adding a flat plate parallel to the flow) would change the pressure exerted on the fluid in
the tube. Can you design an experiment that would test this?

6. Model airplanes made of light wood or paper will fly, and airplanes can fly upside down. Can
you devise an explanation of how there might still be curvature of flow for these flight corfdlitions
[Note that the flow over a wing or other surface is generaltyat constant speed, so calculations
such as those above must be considered as apptexifigoil design takes the differences in speed
into consideration.]

7. Hammers

Lumber, nails, wire screen, electrical supplies, and other miscellaneoussteings long
bolts for attaching the wooden float body to the car chassis, all had been gathered together in one
section of the shop, along with a large tool box. Drawings for the float, based on the earlier
sketches and the model, had been prepared and approved. The time had come to start building.

“How do we know which kind of nails to use?" Rosa inquired as she looked at the various
sizes and shapes.

“We'll be starting with the main platform, made of 2 by 4's and 2 by 6's, so we need 10 penny
nails, from this box over here, but we'll be nailing 1 by 4 boards down as flooring, and these 6
penny nails will be best for that," Oliver answered.

“This box says '6 d'. Is that the one you mean? What does the 'd' stand for?" Rosa asked.

“That's a very old naming system. Now, it just tells us how long the nails are," responded
Chris. "Six penny nails are 2 inches long; ten penny nails are 3 inches long. The names come
from England, when nails were hand made and expensive. The size tells us how much a hundred
nails cost then, but at that time the only coin, although it was called a 'penny’, was made. of silver
It was at least similar to the old Roman coin, the 'denarius’; in fact, that's whefectimes from
when it says 10 d or 6 d on the box."

“I had wondered where the letter 'd' came from," Dave commented.
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16 d common
10 d common
6 d common

6 d finishing
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Chris contlnued "A 10 penny nail is long enough to go through a 2 inch board and on into
the next board far enough to hold. A 2 inch board is no more than 1 5/8 inches thick, so a 3 inch
nail will penetrate both boards but will not come out the far side. A 6 penny nail will go through
the one inch boards and hold well in the 2 by 4's underneath."

"Why do they call it a two by four if it's only 1 5/8 inches?" Rosa objected.

"Originally they made a rough cut board that was 2 inches thick and 4 inches wide. Then
when they finished the board, it would be slightly less. My grandfather says they used to be about
1 7/8 by 3 7/8 inches, but they have gotten smaller, down to 1 5/8 and approaching 1 %2 inch. He
thinks it's a way to save wood. The new measurements are very nearly 4 cm by 9 cm—but don't
go around calling them four by nines," he added, spotting the twinkle in Rosa's eye, "or everyone
will be confused.
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"And speaking of saving wood, we will use 2 x 4's instead of 2 x 6's as our floor joists—those
are the cross pieces, turned on edge, that run crossways under the floor boards. Also, we will
space the joists out to 24 inches on center. We don't expect people to do much walking or
jumping on the platform after it's mounted, and we will not be fitting wall board panels or any
other pre-cut items that require a conventional 16 inch spacing. The 1 by 4 floor boards are
about 5/8 inch thick. They should be quite adequate.

"Dave and Oliver, you can start laying out the 2 by 4's for joists. The float cannot be wider
than 8 feet, according to regulations. Otherwise there might be difficulty passing otloésvehi
The float is to be 20 ft long, so lay out eleven 8 ft 2 by 4's, on edge, 24 inches on center (that is,
with 24 inches between the centers of the boards). We have already put together a fitaane for t
opening under the cabin. Itis 3 ft by 4 ft, so omit one 8 ft 2 by 4 and put a 2 ¥ ft length on each
side in place of it. You will have to cut those shorter lengths. We can add trim boards along the
front and back for appearance later. We will put 2 by 6's along the long sides for extra support.”

After assuring Rosa that an 8 ft board should be very close to 8 ft in length, it took only a
few minutes to identify the 8 ft 2 by 4 joists and lay them out, then an extra few minutes to be
sure they were properly spaced. Then they turned one of the joists in the middle on its side and
nailed the opening framework to it. Turning the adjacent long joist on its side, they set the
framework and its attached joist on top and nailed the framework to the second joist. When they
lowered the whole assembly to the floor again, the cabin opening was in position, firmlycattache
to joists in front and behind.

While Dave and Oliver held the joists in place then, Chris tacked a pair of 8 and 12 ft 1 by 4's
along one edge, putting the 6 d nails through the top board but penetrating the lower board only
part way, so the nails could easily be pulled later. Then he moved to the far side and repeated the
operation, except here he placed the boards more carefully along the edge and drove the nails
home.

"Now start inside this board," he explained. "Be sure each board is firmly against the one
before it, then nail it into each of the joists. One nail per joist should suffice; wet\alio
come apart again after Thanksgiving. We have 8 ft and 12 ft 1 by 4's. Put an 8 ft in back and a
12 ft in front, so they meet in the middle of a joist. Then for the next row put the 12 ft board in
back and the 8 ft board in front. That way the joints won't all come at the same place. When you
get to the opening, put 8 ft boards at each end. Also, leave one pair of boards off on the other
side, where we tacked those first boards. To stay under 8 ft wide we have to trim flestaa lit
leave room for our 2 by 6 side boards."

Rosa picked up a hammer that seemed about right for her, picked up a 6 d nail, and as soon
as Dave and Oliver had positioned the next pair of boards and had driven in one nail apiece to
hold them in position, she moved to the board Oliver was working on, letting Dawn start at the
far end.

Rosa attacked her nail carefully but vigorously. The hammer went "ping", "ping", bouncing
off the top of the nail, but the nail barely penetrated the board. Rosa tried a little hadldgot a
only another "ping" before the nail flipped over sideways and fell onto the board.

Oliver's usual smile turned to a very broad grin, but he tried not to laugh. "That tack hammer
won't do much on a nail of that size," he commented. He handed her the hammer he had picked
up, and motioned to Chris to hand him another one like it from the tool box.
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"That's heavy!" Rosa declared, as she replaced the nail and lifted the hammer, re&tie to hi
nail. "l don't think | can swing this one very hard." But she let the hammer fall on the nail and the
nail moved in slightly. Another fall of the hammer, this time with a little more of a boost
downwards from her hand, and the nail definitely moved down.

"It doesn't seem | could handle a hammer this heavy, but it does work better. Why is that?"
she asked with surprise in her voice.

"Do you remember what we were saying at the game about how important inertia is? Inerti
and motion are both important. This hammer is heavier, but it also has more inertia. You may not
get it moving quite as fast as you did the little tack hammer, but the greater ineditharor
makes up for that difference.”

Dave and Chris exchanged quick smiles. They could tell that Oliver had listened to what they
had said about inertia at the game, and had apparently done a little additional readingrsince the
Their suspicions were confirmed as Oliver continued.

"That is a 20 oz hammer. That means it weighs 20 oz, or about 5 N. It also has inertia. |
would guess it has about %2 kg of inertia. When the hammer with that much inertia gets moving
and then strikes the nail, it drives the nail in. If you give it more motion, it will drive the nai
more."

Oliver illustrated his minilecture by placing a nail on the board in front of him and lifteng t
hammer he had received from Chris about half a meter. As the hammer came downtiseviftl
nail almost disappeared into the board. A second blow was enough to depress the top of the nalil
head slightly below the surface of the wood.

Rosa was impressed. She struck her nail again, and again it moved downward noticeably, but
not nearly as far as Oliver's had gone. She persisted, though, and after a few more nadls she wa
able to drive one with only five blows, and almost all were sinking with no more than six strokes.
She also noticed that the hammer seemed to get heavier after a while, so Chris gavGeder
hammer that looked almost like the other one but was lighter. It took an extra stroke or two per
nail, but it was definitely easier to lift. "Someone should invent a hammer with |oksrbéibut
not so much weight," she thought to herself.

Just then the inevitable occurred. She had been very careful to strike each nail squarely, but
this nail did not cooperate. It very suddenly, with no warning, bent in the middle. She pulled at
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the nail but it would neither straighten up nor come out of the wood.

"What do | do now?" she asked. "I can't drive it in any farther. The head's in the wrong
place now. And it won't come back out."

Oliver moved over, placed the forked end of his hammer against the nail, with the corner of
the hammer head against the wood, and with a quick motion of his wrist popped the nail out.
"That, you probably recognize, is a lever," he commented. "It would take a very strong person to
pull the nail straight out, but the hammer gives enough leverage to make the job easy, ...most of
the time."

A moment later he was glad he had modified his declaration about how easy it is to pull a
nail. His powerful hammer blow had driven a nail well into a knot in the wood, and now the nail
refused to go farther, simply bending more when struck. Efforts to remove it from the grasp of
the pine knot produced no effect.

Rosa watched as Oliver walked to the tool box and extracted a long wrecking bar, or crow
bar. One end was slightly bent and wedge shaped. The other end was hooked and had the same
kind of wedge-shaped fork as the hammers. Oliver put the forked end under the nail, pushed
down on the far end, and the nail pulled free with a shrieking sound.

"Oliver makes everything look so easy," she thought to herself, but a few minutes later, when
one of her nails absolutely refused to go any farther, she decided she had hit a knot, also. She
walked over to the tool box, picked up the wrecking bar, and popped the nail out with almost no
effort.

"Gee, that really works!" Rosa exclaimed. The others quickly agreed, and Dave showed her
that from the lengths of the bar, it gave her a mechanical advantage of about 10. "My strength is
as the strength of ten!" she thought to herself, adapting Tennyson to the situation of the moment.

All four continued driving nails, with Chris supervising and helping to keep them supplied
with boards, and the platform was quickly finished.

"We have to build the cabin and put some hills on the platform, as well as constructing the
figures. Before we do any of that we want to get a primer coat of paint on this platform. Some
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other volunteers are coming in to do that tomorrow," Chris added.

"Speaking of tomorrow, there's a World Series game | want to watch,” Oliver injetsed. "
anyone else planning to watch it?"

Everyone expressed interest, and Dawn volunteered to have them come to her house. After a
quick confirming cell phone call to her mother, she gave them all directions on how to get there
and transportation arrangements were made.

* * * * *

Practice Problems

1. Why are 11 boards, 2 ft apart, needed for a 20 ft float?

2. Is a 10 d nail large enough to hold two 2 by 4's? How far will a 3 in. nail penetrate a second
board after passing through a "2 in." board that is really 1 5/8 in.?

3. What was the area, as determined by the joists, to be covered by the floor boards? 2 160 ft
4. If each 1 x 4 is exactly 3 5/8 inch wide and they fit snugly together, how many board widths
are necessary to span the platform?

5. What total length of 2 x 6's is required for the two sides of the platform? 40 ft

6. Some of the floor boards are 8 ft and some are 12 ft. How many 8 ft boards are needed and
how many 12 ft (including the effect of the cabin opening)?

7. If the wrecking bar was 2 in. from the fulcrum (where it bends) to where the nail wasideld, a
the mechanical advantage (MA) was 10, how long was the wrecking bar overall? [Draw a
picture.] 22 in.

8. What MA would be obtained from a typical hammer, pivoting about a point on the head, if
the handle is one foot long and the head is 4 inches (to where the nail is held)? [Draw a picture.]

Stretching Question:

Inertia, or mass, is a property of a single body. Weight is a property of two interacting
bodies (one of which is generally the Earth). In our usual experience, the weight of an object is
proportional to the inertia of the object. That is, if one hammer has twice, or thregthime
weight of another, it will also have twice, or three times, the inertia. Would it bélgossi
change the weight of an object without changing its inertia? If so, how? If not, why not?

Activity

Put together one or more wooden boxes that have precise inside sizes, such as 5 cm x 5 cm x
5cm, or 10 cm x 10 cm x 10 cm, leaving the top of each box open.

If 1 cm by 1 cm by 1 cm cubes are available, how many will fit into a 10 cm x 10 cm x 10 cm
box?

8. The World Series

The television network did not show pregame batting practice, but there was an abundance of
film clips from previous series and from games during the season, as well as disofissitting
averages, home runs, strike outs, and other statistics, for current players and those who had
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played in the past.

"Does it help to use a heavier bat?" Dawn asked, remembering Rosa's experience with the
light tack hammer and the heavier hammer.

"Yes and no," Oliver replied. "Of course it is really the inertia of the bat thapisrtant,
not the weight.”

“But you can't really separate those properties, as you know,” Chris injected, looking at
Rosa. “The weight is determined by the inertia, or mass.”

“Right,” Oliver agreed. “But you swing the bat almost horizontally, so as long as you can
hold the bat up, the weight as such doesn't really have much effect at all. If the bat has more
inertia, and enough speed, then it will send the ball farther. However, there is a catch. The
easiest balls to hit for home runs are fast balls. They already have lots of energg bexnaase
moving fast. Even if a fast ball hits a wall or a pipe in the backstop, it will bounce back a long
way.

"But remember that you can't hit a home run unless you can get the bat on the ball, and the
bat has to be moving pretty fast, too. If the bat has too much inertia, you can't get it moving fast
enough, in the fraction of a second you have available. On the other hand, with a bat that has
very little inertia, it isn't hard to get it moving but the bat won't send the ball very far. Whgt's
there isn't a whole lot of difference between the bats that different players use."

Rosa recalled her thoughts about wanting a hammer with lots of inertia but not so much
weight, so it would be easier to lift but it would still pound in nails.

"Does an object with lots of inertia have to be heavy?" she asked.

"That depends in part on where you are," Dave responded. "If you go to the right location,
that 20 oz hammer you were using yesterday would only weigh about 3 oz, but it would have the
same amount of inertia—about %2 kg. So you could still drive nails with it just as well."

"We should have gone there to build our float!" exclaimed Rosa.

Chris laughed. "What Dave told you is exactly right. Inertia is the same for any object no
matter where it is, but weight is not. What Dave didn't tell you was that to get the advargage of
3 0z hammer with inertia of %2 kg you would have to take that 20 oz hammer with you to the
Moon."

"You aren't much help," she said, making a bit of a face at Dave.

"I answered the question you asked," he said in self defense, laughing. "Actually the weight
of a %2 kg hammer will change even when you carry it from one place on Earth to another, but the
differences are much smaller. The inertia wouldn't change, but the weight is slighthnla
mountain top than at sea level, because the mountain top is farther from the center whthe Ea

"The weight, as we measure it, is also slightly less at the equator than at the pel&sarth
isn't quite round, so sea level at the equator is farther from the center, but even moentmport
objects closer to the equator are more affected by the rotation of the Earth. In arhyecase, t
change is only about one part in a thousand when you go from the equator to a pole, or from sea
level to a mountain top. That's not enough to notice unless you have very good apparatus for
weighing your object,” Dave added.

"Even most scales for weighing wouldn't help," Chris contributed. "Most scales compare
the weight of one object with the weight of some other object, either a part of the scale or a
weight carried along with it. The weight of all objects change by the same percentage when you
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move around, so you wouldn't see that any of them had changed when you compared them."

"Is the inertia really exactly the same anywhere?" asked Dawn.

"Yes, for almost all purposes we can say it is the same everywhere. Actuallgijrkimshis
second, more general theory, showed that the inertia will be very slightly more on the Moon, but
only by about one part in 10 , or one part in a billion. That is really an extremely small effect, so
we usually say that the inertia doesn't depend on where an object is."”

The game had started and all became absorbed in the battle of ystdiater.

"How long did you say the batter has to swing at the ball?" Dawn asked Oliver.

"I'm not too good yet at calculating things like that, but | think it's less than a second.”

Chris came to his aid. "The mound is just about 20 m from home plate. A pitcher can throw
the ball 30 to 40 m/s. That means there is about %2 s to 2/3 s between the time the ball leaves the
mound and the time it crosses the plate."

At30m/s T=D/R=20m/(30m/s)=2/3s

At40m/s T=D/R=20m/(40 m/s) =%s

"That's right,” Oliver interrupted, "but also remember that when the ball is leavingptined
it is still in the pitcher's hand. If the pitcher is tall, like Chris, it seems hentiéetsgo of the
pitch until it's half way to the plate."

"Well, perhaps a meter toward the plate,” Chris in turn interrupted, "because you do have to
let go of the ball at the top of the motion, when it's moving toward the plate. But that can be
about 5% of the distance."

"Then you have to watch the ball long enough to see where it is going to go, and how fast it
is going,” Oliver continued. "It is easy to convince yourself you have to anticipate when the ball
will arrive. But then, if you do anticipate and start your swing when the ball is released, the
pitcher will throw a change-up. Then you get to watch the ball floating between the pitcher and
you while you are swinging at empty air at the plate.

"If you wait to see where the pitch will be and whether it's a curve, fast ball, or sogethi
else, you probably have less than half a second to make your decision and get the bat around to
the plate. You don't want too much inertia in your bat or you will always be swinging late."

"I've just been watching the bat come around,” Dawn commented, changing the subject
slightly. "It is really something like a lever, isn't it, but sort of backwards."

"Yes," Dave agreed. "The levers we have talked about recently have all made tbddsie
or move an object. A bat is swung from one end. If we think of the handle as the fulcrum— it
isn't quite stationary but more nearly so than the rest of the bat—then the force is applied by the
hands very close to the fulcrum. Most of the inertia of the bat is out in the fat end, so a bat is a
lever with a mechanical advantage that is less than one."”

"Is the mechanical advantage negative?" Oliver asked.

"No, the mechanical advantage is a ratio of distances, or a ratio of forces, and evesything i
positive,” Chris assured him. "But in a baseball bat, or a golf club, or a hockey stick, the
mechanical advantage is less than one. You can think of the mechanical advantage as just being
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turned upside down. The fat part of the bat, or the ball or puck that is being hit, has a mechanical
advantage that is greater than one. You get the short end of the stick; your mechanical advantage
is less than one."

Chris continued. "The reason for wanting something that gives you a mechanical advantage
less than one is that the far end of the bat is moving farther in the same time period edoickther
it is moving faster. It takes more effort to swing the bat or club, but you get much more speed at
the far end. You exert a large force through a small distance to get a small force mougg thr
a larger distance, and therefore faster, near the other end of the bat."

"That goes back to the same idea, doesn't it," said Dawn. "We are interested imertia
motion. With the baseball bat or a tennis racket or whatever, we get a lot more motidiarat the
end."

"That's exactly right," replied Chris. "That product of inertia and motion is called
momentum If we measure inertia in kilograms and measure the motion in meter/second, then
momentum is in units of kg-m/s."

"Is there a name for that—kg-...whatever?" asked Rosa.

"No, from time to time people have suggested that we should give that combination a name,
but others have said that kg-m/s tells you right away that you are talking about a product of inertia
(in kg) times motion (in m/s). So we will probably continue to write momentum with units of
kg|m/s."

"My arm is a lever too", Rosa exclaimed with delight, as she watched her arm bend at the
elbow. "l learned in art class that the muscles that pull the forearm up aheattacy close to
the elbow. But the art teacher didn't mention that my arm is really a lever, with anmcatha
advantage less than one. | guess that's why | have trouble lifting those big hammers," she added
with a laugh.

"Exactly," Dave agreed. "You didn't have any trouble at all picking the hammer up from the
floor when your arm was down. It was only when you bent your arm at the elbow and lifted the
hammer out at the end of your arm that you found it tiring. And remember that the hammer is
used as a lever, too, with a mechanical advantage less than one, so you can get more motion of
the hammer head."

Through the rest of the game they continued to notice levers, as the pitchers extended the ball
at arm's length for maximum speed, for example. They also found themselves noticing examples
of motion and inertia, by runners, fielders, and those catching rapidly moving balls.

* * * * *

Practice Problenis

1. For a given amount of inertia, the weightw, isw= m g whereg is thestrength of the
gravitational field (l.e., gdetermines how hard the larger body, such as the Earth, pulls on the
body that has inertim.) If a hammer that weighs 16 oz on Earth would weigh only 2.6 0z on the

! There are not enough letters in our alphabet to avoid some duplication. Note, however,
thatquantities are represented by italic lettens:g, w, etc whereasunits are represented by
standard letters: N, kg, m,etc.
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Moon, what does that tell you abatthe strength of the gravitational field, on the Moon? On
Earth,g=9.81 N/kg. (Each 1 kg weighs 9.81 N.) 1.6 N/kg
The strength of the gravitational fielgl,is 26 N/kg on the surface of Jupifer, the largest
planet in our solar system. How much would a 0.50 kg hammer weigh on Jupiter?
3. The value ofj on the surface of Mars is 3.7 N/kg. How much would a 0.50 kg hammer weigh
on Mars? 1.85N
4. How much would a person who weighs 130 Ib on Earth, weigh
a. on Jupiter?
b. on Mars?
5. The distance from home plate to the pitcher's mound is 18.0 m. Assume a fast ball, at 40 m/s,
is released 17.5 m from the plate and the batter "reads" the pitch half way to the pidieg de
where it is coming and how fast, and wants to swing. How much time does the batter have to
swing the bat to meet the ball? 0.22s
6. If a curve ball, thrown at 30 m/s, can be "read" half way to the plate, how much time does the
batter have to swing?
7. A certain bat has its center of inertia 60 cm from the handle end. If it rotates alwauritédre
of the left hand 6 cm from the end, with the force applied by the right hand, 14 cm from the end,
what is the MA of the bat? [Be sure to draw a simplified picture and put lengths andlaligls

0.15

8. An upper limit estimate of the mechanical advantage of a bat would assume the motation i
about the center of the batter’s body. The bat handle would then be about 40 cm from the center
of rotation. Let the force be applied between the two hands, or 10 cm from the end of the bat.
What is the MA for these assumptions?

9. A regulation baseball has inertia of approximately 0.15 kg. What is the momentum of the ball if
it is thrown at 30 m/s? 4.5 kglm/s

10. What is the momentum of a baseball thrown at 40 m/s?

Stretching Questions:
1. The strength of a gravitational field decreases as you go farther from the centenet,a pl

2 As for all objects in the solar system significantly larger than Earth, theesoffaupiter is
gaseous, which we may ignore here for comparison purposes.
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star, or moon. Use this information to explain why a high tide occurs in the ocean approximately
at a spot "directly beneath” the Moon.

2. Is the gravitational pull, by the Moon, on water on the side of the Earth away from the Moon
stronger or weaker than the pull, by the Moon, on the Earth (per kilogram)? Should there be a
high tide or a low tide away from the Moon? How many high tides should there be in a given
location in one 24 hour period?

3. If a ball rolls off a table at low speed, it will hit the floor or ground near the tablerolisi off

at a higher speed, it will hit farther from the table. Is it possible, in principleegtey] air
resistance), to have the ball move off a table (perhaps from a mountain top) so fagtdhlat |

"hit the ground" more than 6400 km from the table? Draw a sketch and describe what should
happen to the ball. (The radius of the Earth is 6400 km.)

9. The Parade Route

"Has the route for the Thanksgiving Day parade been decided yet?" Dawn inquired as the
Series game came down to the last two outs.

"Yes, and since we will not be riding on our float, we probably will be asked to help monitor
the parade. As you know, any one person in a parade doesn't see much of what is going on ahead
or behind—usually you can see only the group immediately in front and immediately behind, and
sometimes only one of those. The monitors will have walkie-talkies to let one sectien of t
parade know if there are difficulties ahead or behind," Chris replied.

"How far can you talk with one of those?" Oliver asked.

"They are quite limited in power, by Federal Communications Commission regulations to
decrease the probability of interfering with some other group's conversation. Also, the batte
packs limit the available power for continued broadcasting. Under favorable circuesstiaec
type we will use can reach about a mile, but with all the buildings, overhead wires, and other
factors, plus the background noise level for the listeners, we anticipate a range ohitalf a

"Could we talk a mile apart if we used two battery packs?" Rosa wanted to know.

"No," Dawn answered, with a grimace. "l know from bitter experience. If you double up on
battery packs you can burn something out; the radios are not designed for the higher voltage. Or,
depending on how you hooked up the two packs, you might just have more reserve power, so you
could go on broadcasting for twice as long. But also, remember that any broadcasting radio is
sending out waves in a spherical pattern, or at least part of a sphere. Do you remember what
happens when you double the radius of a sphere?"

Oliver responded. "The surface area of a sphere more than doubles; it goes @p by (2) , or
four times. And the volume goes up even more. Volume always involves the cube of a length, so
if you double the radius, or the diameter, of a sphere, the volume goes up by (2) = 8 times. |
don't know which one we need to consider here, though."

"The important quantity is the amount of energy per second, or the power, reaching each
amount of area," Chris offered. "A helpful way to look at the problem is by comparison with the

2/27/07 AWOP 9 -38



light coming from a light bulb. You may recall that if a screen is moved twice as fgritages

only one-fourth as much light. If it is moved three times as far away it gets one-ninthtas muc
light. Radio waves travel outward just like light waves, so doubling the distance cuts the power
at the other end to one-fourth. Of course, if the waves are also being scattered or almagbed al
the way, that cuts the power down even more."

"It sounds as if we'll need several stations, if each unit can only be heard for about half a
mile," Dawn commented, recalling Chris' earlier observation that the parade mutebe about
1% mile.

"Yes, although it won't take as many as it might seem because the route is not straight. On
the other hand, the monitors need to cover a stretch before the parade officially begirex &nd aft
ends. Do you have a map of the downtown area handy?" Chris asked Dawn.

Dawn disappeared for a moment into the next room and came back with a map and a pad of
paper. They spread the map out on the table and began locating familiar landmarks.

"The parade will assemble in the parking lot at the Science Center," Chris beganvyilithe
travel west along Third Avenue North to Second Street East. There it turns south, aatcss C
Avenue to First Avenue South, then west again to Second Street West and south on Second
Street W to Third Avenue South."

Dawn marked the route, with arrows, as Chris explained it.

"How far is that, really?" Rosa asked.

"The parade will travel 13 blocks and there are 5 blocks per kilometer, so that'snadrile
than 2 %2 km," Dawn responded. "Instead of counting blocks, it is easier to put all the locations in
the notation we learned in algebra. The Science Center is at Fifth St. E and Third Ave. N. W
always write thex value, or the east direction, first, followed by yhealue, or the distance north,
so the Science Center is at (5,3). Those numbers are callgmbtidenates The Savings &

Loan, where the parade ends, is at Second St. W and Third Ave. S."
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"Do we write that (2,3)?" Rosa asked. "If we do that, how can someone else tell wheether w
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mean Second St. W or Second St. E, or Third Ave. S or Third Ave. N.?"

"That would be a problem," Dawn agreed. "To avoid that confusion we use just the
directionseastandnorth. Then 2 blocks west is labeled as -2 blocks east. Three blocks south is
labeled as -3 blocks north."

"I remember using coordinates like that for graphing,” said Oliver, "but not for maps like
this. Is there really any advantage to using the pair of numbers instead of just streehaed ave
names?"

"It is less important for the downtown area here where all the streets and averaues ha
numbers anyway. If we were farther out, and had to deal with Pine St. and Spruce St. and so
forth, the number pairs would be especially useful. Away from the city it is really iamport
There we might give locations in kilometers or in miles from a reference poingdnsitén
blocks, but it would work the same way."

Dawn continued. "One of the convenient features of this system is that you can add or
subtract the number pairs easily."

"Do you mean like adding (5,3) to get 8?" Rosa asked.

"Not usually that way. Suppose, for example, you are at Second Ave. N and First St.
E—remember we write that as (1,2). You are told the store you are looking for is 3 blocks east
and 1 block north; that's (3,1). Then the place you are going to is (1,2) + (3,1) = (4,3)." She
wrote

(1,2)
+(3.1)
(4.3)

“The (4,3) means 4 blocks east and 3 blocks north. We call thdisfhlacement

"I remember how to add and subtract the number pairs, if | get that far,"” Oliveedhject
"My problem is | keep forgetting which number should come first."

"That's really easy," Dave responded. "Let's write down what the numbers stand for." He
wrote:

(East,  North)

x y)

(Right, Up)
(Abscissa, Ordinate)

"What do you see about each pair?"

"They are all in alphabetical order!" Rosa exclaimed.

"That's right,” Dave confirmed. "No matter which of these descriptions you prefer, just put
them in alphabetical order.”

"Boy, | wish | had seen that sooner," Oliver responded. "I might have gotten a better grade
in math!"

"Is that the way you figured out so quickly how far the parade would travel?" Rosa asked
Dawn.
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"Yes. If the parade goes from (5,3) to (-2,-3), we want to knowlitfe¥rencein those two
positions. You might be inclined to write
(5, 3)
- (-2,-3)
(7,6)

to see that it goes 7 blocks one way and 6 blocks the other, or a total of 13 blocks. But
remember, if you want to find the difference in going from 4 to 9, you subtract 4 frinst 9,
from last So to find where the parade goes we should subtract the starting point, (5,3), from the
end point, (-2,-3). That s,
(-2,-3) end point
-(5,3) - starting point
(-7,-6) displacement

"That's almost the same pair of numbers, but there are minus signs," Rosa noted.

"Yes," Dawn agreed. "The number pair (-7,-6) tells us we are traveling west and south. It
doesn't make any difference, of course, whether we go west first, then south, or go south and then
west, or change back and forth from going west and south, just so we end up 7 blocks west of
where we started and 6 blocks south.”

"l guess the other pair, (7,6), would be the same parade route traveled backward, wouldn't
it?" Oliver wondered out loud.

"Yes," Chris confirmed. "That would be how you would fyetn (-2,-3)to (5,3). But then
you might get run down by the floats goiligm (5,3) to (-2,-3)," he added with a laugh.

"Changing the subject a little," said Dave, "thgplacementrom (5,3) to (-2,-3) is (-7,-6),
or a total of 13 blocks for the parade itself, butdistancesn't really that far for the
walkie-talkies, is it?"

Dawn responded quickly. "No. The radio waves takénjipotenusef the triangle, as

Chris mentioned a few minutes ago. That distancg/is2 + 62 = /85

That's just a bit more than 9 blocks."
"Whoa," Rosa complained. "I think I got lost. Can you run through that again?"

"Sure," said Dawn. "The two sides, of length 7 and 6, are perpendicular to each other. We
usually label the sides of a triangle with lettarb, andc. The triangles we are working with are
calledright triangles because one of the angles isght angle or 9¢. You can see that the
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sides | labele@ andb areperpendicularto each other, like the 6 and 7 and like two adjacent

sides of a sheet of paper. It is customary to label the side opposite the right angle,asdide
have done here, although that isn't necessary. That side is always the longest side in a right
triangle. It is called thbypotenuse

Dawn continued. "The Egyptians found ways, four or five thousand years ago, to solve
problems like this for special cases, but probably didn't understand the general principle. It w
some Greeks living in Italy about 500 years B.C. who solved the general problem. Their leader
was Pythagoras, so we call the rule By¢ghagorean theorem.

"They proved that for any right triangle—any triangle with one square corner—if you
constructed a square on each of the three sides, the sum of the areas of the twasiarater s
had to equal the area of the bigger square. Each square has an area equal to the length of one side
squared(that is, multiplied by itself), so we now write the Pythagorean theorem in the simple
form,

c=a’+b?

If the two shorter sides are 7 and 6 (or -7 and -6), then the larger side, the hypotenuse, is
C=7"+6 =49+36=85
andc= /85 . We know that® =81, sa/85 is a little bit more than 9."

* * * * *
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Practice Problems

1. How many blocks would you have to go, in wha¢ctions, to get from (2,5) to (6,7)?
4E&2N, (4,2)

How many blocks would you have to go, in what directions, to get from (6,7) to (2,5)?

How many blocks would you have to go, in what directions, to get from (-3,4) to (5,-2)?

(8,-6)

4. How many blocks would you have to go, in what directions, to get from (12,-1) to (-3,-6)?

5. How far is it (shortest distance—as the crow flies) from (2,5) to (6,7)? 20

6. How far is it from the origin, (0,0) to (2,5)?

7

h

wn

. The triangles shown below are not labeled in the customarysig®c (s not necessarily the
ypotenuse). Identify which side is the hypotenuse for each of these. acb] [

8. Identify which side of each triangle below is the hypotenuse.

Stretching Questions:
1. What is the length of the hypotenuse if the sedasdb are of length

a.a=3,b=4

b.a=5Db=12
Can you find any other pairs of numbers that give an integer value for the hypotenuse?
2. Because (2) =4, it follows that 4/2 = 2. Boge you did not know that 2 was the square root
of 4, so you tried 13 . What value do you gettdr9? Develop a hypothesis (that is, an idea that
can be tested) for how you can find the correct square root, saoimguch an incorrect guess.
Try your method on 9 by using 2.9 as a trial value. Try your value dh by starting with 2,
which you know is not very close. How close ddws bring you to the correct value d (which
is 2.236)?

10. The Walkie-Talkies

"I'm looking forward to a chance to use one of those good walkie-talkies," Oliver
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commented. "I've seen them lots of times, but I'm not sure how they work. | guess it is really a
form of radio, but it must be different from our local stations."

"It's a different frequency band, isn't it?" Dave suggested.

"Yes," Chris agreed. "It is a type of radio, and it is a different frequency than youdisten t
music on."

"If it's a different frequency, won't that make it sound squeaky or rumbly?" asked Dawn.

"No. We're talking about different kinds of frequencies. Let's slow down and separate out
the ideas.

"First, | suspect you all know that what we call sound consists of vibrations, or ascd|ati
Chris began. "Sound usually starts as a vibration in a solid—for example a taut string or a vocal
chord or a steel plate. Then it is transferred to air and travels through the air to cgn Air
transmit a very wide range of frequencies, more than our ears can hear. A convenient
approximation is that we can hear from 15 or 20 vibrations per second up to 20,000 vibrations or
even 30,000 vibrations per second, but the upper value drops as you get older or listen to loud
music or noise. In fact, the most important frequencies, for speech for example, aaedrdgm
4000 vibrations per second down to 40 vibrations per second. That is about what you get on a
piano."

"One vibration per second is the same thing ashentz isn't it?" Dave asked.

"That's right,” Chris confirmed. "A clock ticking once per second is ticking at one hertz
(although the tickingoundincludes higher frequencies). The symbol for hertz is Hz. If you look
at audio equipment it will probably tell you it can reproduce frequencies from 100 to 10,000 Hz,
or perhaps from 20 Hz to 20 kHz, or some other range."

"How do radio waves differ?" Rosa inquired.

"Radio waves are electromagnetic waves, like light and x-rays, but much lower freguenci
Even so, radio waves are a lot higher in frequency than sound,” Chris continued.

"But we can hear radio waves, can't we?" Rosa asked.

"No, not directly,” Chris answered. "Radio waves pass right through us and our houses.
Unlike sound, they don't depend on air to travel in—they can even travel through vacuum, as well
as through wood or air. Also, they travel nearly a million times faster than sound travels in a
To absorb radio waves you need an electrical conductor, such as a length of wire, which we call
an antenna or an aerial—because they usually stick up in the air."

"Now | think I'm confused," Dawn remarked. "We can pick up radio waves with an antenna
and a radio. But I think you said radio waves are too high a frequency for us to hear. Yet we do
hear our radios."

"That's the part that can be a little confusing,” Chris responded. "Let's take a garticul
sound," and he whistled a note. "That should be about 1000 Hz, or 1 kHz. That's easy to hear.
"Now, with a microphone | could change that sound to an oscillating electrical signal. It

would not be an electromagnetic wave in the usual sense; just an electrical waweeih a w

"That would be like the 60 Hz electricity we have in our homes, then," Dave suggested. "I
have heard that the current inside the wire can be thought of as being produced by an electro-
magnetic wave, or field, outside the wire; but | agree, the current in the wire is navevhat
usually mean by an electro-magnetic wave."

"That is quite right. The 1000 Hz oscillating current is much like our familiar 60 Hznturre
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but faster. Now, suppose | also have a higher frequency—say a million oscillations per second, or
one megahertz, 1 MHz. Then there are ways of adding the two waves together."

"It doesn't seem as if they would fit together very well," Dawn commented.

"They are very different in size, or wavelength,"” Chris agreed. "The wavelength, Rbsga, is t
distance, in space, between equivalent points of the repeating wave, like the distaaea betw
waves at the beach.

"When you combine waves of different frequency, or wavelength, what you get appears to be
a slow change in the high frequency wave. If you could watch the electrical signal change, you
would see the 1 MHz, but it would get weaker and stronger, at the lower frequency of 1 kHz. |
suppose it would be something like watching waves on a lake, getting larger or smallenwvith ti
as the strength of the wind changed slowly. The radio frequency, which we took as 1 MHz, is
called thecarrier frequencyor carrier wave. The sound frequency changes, or modifies, or
modulatesthe carrier frequency," Chris explained.

"Do you remember what the numbers are on your radio dial?" he asked.

“On AM I think they go from 600 to 1600, or is it 60 to 160?" Oliver replied.

"FM goes from about 88 to 108," Dawn added.

"That's right,” agreed Chris. "The AM frequency range is in kilohertz, or thousands of cycles
per second. The 600 means 600 kHz and the 1600 means 1600 kHz. Manufacturers sometimes
omit the last zero. The FM dial is in megahertz, or millions of cycles per second. Ose&38nd i
MHz and the other about 108 MHz, as you said.

"The relatively low frequency electrical signals coming from sound—remember theglgr
up to about 20 kilohertz—are combined with the higher frequencycadier frequencies—the
thousand kHz or hundred MHz that you see on your dial. The radio station broadcasts the carrier
frequency after it is modified by the audio frequency. Your radio picks up the radio waves,
discards the carrier frequency, and sends the audio frequency electrical sighpksaticea sThe
speaker vibrates at the lower audio frequencies to produce sound waves that reproduce the
original sound in the studio.”

"Wow! Does all of that go on in my little transistor radio?" Rosa wanted to know.

"Only part of it. Your radio wouldn't be very good at converting sound into an electrical
signal, or at broadcasting an electromagnetic wave. But it does pick up a wave from semewher
else, strip away the carrier frequency, and produce sound with the low-frequency sigsal that i
left.

"It takes more elaborate equipment, and more power, to broadcast. That's why a
walkie-talkie is bigger, heavier, and more expensive than a small radio," Chris added.

"Why don't we hear walkie-talkie conversations on our regular radios?" Oliver inquired.

"For three reasons," replied Chris. "First, walkie-talkies are not very powsofybu would
only be able to hear those quite close to you, perhaps within a half mile or a mile. Remember we
said they don't have enough battery power to go farther, but that is intentional. It isn't legal to
have one that will go very far.

"Second, your radio is tuned to only one station at a time. If you are not tuned to the same
frequency as the walkie-talkie, you can't hear it.

"And third, just to be sure, the walkie-talkies are all tuned to a different frequemog than
ordinary radios, as Dave said. Walkie-talkies are limited to about 27 MHz. That isveehet
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the thousand kHz, or about 1 MHz, of AM radio, and the hundred MHz of FM radio. Television
channels are close to the hundred MHz values; channels up to channel 6 are just below the FM
band and channels 7 and up are above the FM band."

"Is that why | can get channel 6 at the low end of my FM radio dial?" Dawn asked.

"Yes. There is just enough overlap that most FM radios pick up the very top of the lower
TV region. AM stations send out quite long waves, typically about 300 m long, or roughly 3
football fields. FM radio waves are only about 3 m long; they would just about fit vertically into
this room. Walkie-talkie waves are about 11 m long, or roughly the length or width of the house.

"Ideally an antenna should be about one-fourth of a wave long, or more; you may have
noticed that FM antennas are typically about a meter, more or less. Walkie4téthkinas are
only about half a meter long, and the waves are about 11 m long, so walkie-talkies would be quite
inefficient at sending and receiving except that there are ways of building antennaskibdhem
behave as if they are very much longer than they really are. That is important for

AM radios, because it is impractical to have an antenna even one-fourth as big as 300 m."

"One thing still bothers me a little," Oliver remarked. "It seems that soregtive talk about
vibrations per second, sometimes about oscillations per second, and sometimes abquércycles
second. | suppose all three mean the same thing. But then sometimes we seem to'get just s , or
one over seconds. Is it all right to drop the cycles or vibrations from the unit?"

"Yes," Chris assured him. "Remember we said that units like meters and tersiamesl
miles have aimensiorof length. Seconds and hours and years have the dimension of time.

Cycles and vibrations and oscillations tell us how to count, but they don't have a dimension. There
are only a few units that don't have a dimension. We use them to get the equations set up
properly, then they can be dropped after they have done their work."

* * * * *

Practice Problems
1. How wide is the AM band? (That is, what is differencein frequency between the highest

and lowest frequencies?) How wide is the FM band? 1 MHz, 20 MHz

2. How wide is the range of audio frequencies (sound)?

3. How many kHz is 97 MHz? 97,000 kHz
4. How many MHz is 1050 kHz?

5. How would you express 770 kHz in Hz? 770,000 Hz
6. How would you express 107,000,000 Hz in MHz?
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Stretching Questions:

1. Find the product of the wavelength and frequency for each pair of values given in Table I.
What similarities and differences do you find?

2. What are the units of frequency x wavelength? What quantity have you encountered with the
same units?

3. If we cannot hear sounds above 20 or 30 kHz, how do we know such sounds are actually
produced? (What name is given to these very high frequency sounds?)
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