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Unified Science and Mathematics for Elementary Schools

DESIGN LAB TECH CARDS

CARD How To Straighten Bare Wire

CARD How To Put Screws into Hard Wood

CARD 10 How To Find the Right Size Drill Bit to Make Pi1ot
Holes for Screws G

CARD 11 How To Put Two Pieces of Wood or Metal Together with Lo

. Bolts and Nuts R

CARD 12 How To Put Two Pieces of Wood or Sheet Metal Tognther Ce
with Screws ‘

CARD 13 How To Use an Electric Drill with a Screwdriver Bit

CARD 14 How To Make Varnished Wire Ready for Soldering .

CARD 15 How to Solder Wires

CARD 16 How to Use "C" Clamps

CARD 17 More About "C" Clamps

CARD 18 More About "C" Clamps

CARD 19 More About "C" Clamps

CARD 20 More About "C" Clamps

CARD 21 How To Cut Glass

CARD 22 How To Make Sheet Glass and Mirrors Safe to Use in

¢ Experiments

CARD 23 How To Cut Sheet Rock

CARD 24 How To Find the Length of a Single Layer Coil of Wire

CARD 25 How To Find the Length of a Coil of Wire With Many Layers

. CARD 1 How To Hammer Nails in Straight
CARD 2 How To Nail Two Pieces of Wood Together So They Stay
Together
CARD 3 How To Put Screws in Hard-To-Get~-At-Holes
CARD 4 How To Make Square Cuts With a Handsaw
CARD 5 How To Use a Hacksaw to Cut Slots in Tri-Wall
CARD 6 How To Use Hacksaw Blades To Cut Slots .in Tri-Wall
CARD g How To Drill a Hole Straight Through a Piece of Material
S
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CARD 1

How To Hammer Nails In Straight

A nail will go in straight if you hit it flat on the head. Keep -

the head of the hammer parallel to the head of the nail, even

when hammering nails in at an angle. Look at the picture.'
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CARD 2

{

How To_Nail Two Pieces of Wood Together So They $tay Together

Two pieces of wood will not pull apart if you hammer the nails
in at a slant 1nstead of straight up and down. Hammer one naili
in one way and ;he next nail in the other way. Have some nails
slant one way and some nails slant the other way.

Remember to hit eagh nail flat on the head. Look at the

picture.
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= CARD 3

How To Put Screws in HardQTOaGet-At Holes

Put some clay or putty or gum on'the head of the screw and stick
the end of the screwdriver in it. The screwdriver will not slip
off the screw. Or use a capture-head screwdriver which holds

the sérew just below the head. Look at the,piétures.
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How To_Make Square Cuts with angndsaw

Draw straight lines to show where you want to cut. Hold the
saw so it makes a 45° angle with your pjece of wood. * Use long,
slow strokes and cut on the straight libe:you have drawn.
Keep your eye on the line and on the back side of the saw.
Never let the saw go right or left of the line., The side of
the saw will stay at a 90° angle to your material as you cut.
'Just before you cut all the way through, be sure to have
something under the piece of wood you are cutting off. This :
keeps the wood from being splintered. It also keeps the saw

from being bent. Look at the pictures.
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. o ~ CARD 5

How To_Use a Hacksaw to Cut_Slots in Tri-Kall

One way to put two pieces of tri-wall together is to use slots.
* Each slot should be the’ same width as a piece of tri-wall. .The
tri-wall will then fit tightly into the slot. -Look at the

picture below.

To make a hacksaw that cuts slots, use a file to take off the
ptﬁs which hold the saw blade in the hacksaw frame. Then drill
clearance holes for an_8-32 bolt where the pins were. Put two

" hacksaw blades on the bolt using washers or 8-32 nuts as spacers
in between the blades. Keep putting washers or nuts in between
the blades until the saw is as wide as a piece of tri-wall.

Look at the pictures.
Y & TSI BT AR N RS R ST
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How To Use Hacksaw Blades To Cut Slots in Tri-Wall

I¥ you do not have a slotting saw 1ike the one described on
Card 5, yoy can use several hacksaw blades together to cut slots.
Fiéure ou£ how many blade§ ¥ou need to make a slot the same
width as a piece of tri-wall,
end with a bolt and nth ,Put tape around the other end so you

have something to hold on-to. Look at the pictures.

Put the blades togather at one

- Lt
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_ CARD 7

. How To Drill a Hole Straight Through a Piece of Material

Put a dot whére the hole should be. Start the drill and make a ﬂ

little hole. Then look at the drill bit from one place to see |

that it goes straight into the material being drilled at a 90¢ - i
- angle. Keep the drill steady and look at the drill bit from

another pla;é‘to see that it goes straight jnto the material

from there, toé. Keep looking at the drill bitlfrom different

places while you are drilling until the hole isﬁ}airly deep.

After that, the drill bit will keep going in straight by itself.A

ook at the pictures.

3 ‘ pL1-7
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CARD 8
How To'Strgjghten Bare Wire

To make a piece of crooked or bent wi;e straight, put one end

of the wire in a vise. Or, you can tie it to a doorknob, pipe,
¢’ anytning that won't move easily. Then take the other‘gnd of
the wire and put it'into vise-grip pliers. Hold on to the pliers
and pull hard until you feel the wire stretch a little. Instead
of using vise-grip pliers, you can tie the end of the wire around

a stick, and pull. Look at the pictures.
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(or threads) in the wood. Look at the pictures. e
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How To Put Screws into Hard Woed

1f you put screws right into hard wood the wood may split or

you may break off the screw. You should first drill holes at

the spots where you want to put the screws. These holes are
called "pilot holes". Read Card 10 to find the right size
drill bit to use for pilot holes.

As a screw is screwed into the pilot hole, it makes grooves

N
N
5

Special screws called "self-tapping screws" will make their own

threads in sheet metal. VYou still need to drill pilot holes fir

st.

i pL1-9



CARD 10

How _To Find The Right Size Driil Bit
To Make Pilot Huies for Screws

Pilot holes are drilled inte hard wood to keep it from splitting
when screws are put 1n the wood. They are also drilled in sheet

metal before self-tapping screws are used, See Card 9.

You can use your eye to find the right size drill bit for most
pilot holes. Look at the screw you will use, Find the smallest
width. This is called the “rout diameter”. Find & drill bit

that is about the same size as the roont diameter of tne screw.

Hold the drill bit and the screw together 0 make sure the dirill

bit is about the right size. Look at the picture.
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CARC 11

How To Put Two Pieces of Wood or Metal Together Wfth'Bolts pnd Nuts

One way to put two pieces of wood together is to hse a bol? aqs
a nut. Drill holes in both pieces of wood or meta}l so0 the bolt
can go through each‘hole easily. These holes are called "clear-
ance holes". - Put the bolt through ;hé holes and then ggrew‘

the nut onto the bolt. Laok at the picture below.

AT T
: //%‘_152 ”f)r -
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You can hold the drill bit and bolt together to find the right ..

size drill bit toiuse. :The drill bit diameter should be larger
than the bo]t'diameter And smaller than the diameter of the head

of the bolt. Look at the picture. - ' k
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* Look at the pictures. ©

CARD 12

]

How To Put Two Pieces'of Wood or Sheet Metal Together with Screws

You can use screws to put two pieces of wood or sheet metal to-
gether. Screws are used if you can't reach around to put nuts on

]

bolts. Or, you may not want nuts to show.

Drill a.clearance hole in the top piece of wood or metal. Read

"Card 11 %o find out about clearance holes.

,".Drill,a pilot hole in the bottom piece of wood 1f the wood is

) hard. Read Card 9 to find out about pilot holes.

If you are using sheet metal, drill.a pilot hole in the bottom

piece of metal. Use self-tapping screws for sheet metal.

sue'sr INETRL CLEPRDNCE HOLE (N
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Réad Card 10 to find out how to choose the right size drill bit

£ !

- to use for pilot holes.
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%(__ ' . CARD 13

: How To Use an - Electric Drill with a screwdriver-Bit

Whenever you need t0'screw in a largg anber of wood screws,

use a variable-speed electric drill with a screwdriver bit.

If you gan‘t find a screwdriver bit, saw off the tip of an

old screwdriver and use that. Use Phi]iip's Head screws when-
gver you can, because they help keep the screwdriver tip from
sliding off the head of the screw an& hurting the wood. Phillip's
Head screws have a s]ot'shaped 1ike an X on the head. Slot

head screws have a single slot across the head. Look at the
picture. £ —
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CARD 14
i

How To Make Varnished Wire Ready for Soldering

Cut a small piece of fine sandpaper. Put the sandpaper around
tﬁe end of the wire as shown in the picture. Turn the wire as
you rub back and forth with the sandpaper; Do this until the -
last inch of the wire is Bright. Be sure that all the var-

nish is removed.

FInE
SAND PAPE /o
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CARD 15

How To Solder Wires

Before you solder, be sure the endé of the wires are bright,
bare metal. Take off any varnish or coating. Twist the ends
of the wires ;ogethef so that they will not unwind. Put the
wires on a safe, clean area. Make the ends of the wires hang
down a little. Take the soldering iron in ane hand and a pigce
of solder in thg ofher. Melt a blob df solder right over the .
wire. Move the-so]déring jiron along tﬁe wires,untfl both ends
have a thin coat of solder all over them. Be sure the solder
is bright and shiny. it shou}d be smooth,. not grainy. Don't
leave any large blobs or sharb bits of solder on the wire.

Look at the picture.
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CARD 16

How To Use "C" Clamps - S

“C" clamps can bg used in many ways. Look at the picture. It

shows how to clamp piéces of materjal_together at right angles

to each other; If piece A is cut evenly across the bottom, you
can clamp it onto piece B so it cohes straight off it. Look at
the picture. Put one clamp on piece B. Put the second c1amp(3
around both piece A apd the first clamp. Put a spacer'b1o§k in
to keep piece A from hitting the first clamp. Cards 17, 18, 19

and 20 tell other ways to use "C" clamps.

.l en
~

Picture 1

DL1-16



CARD 17

‘More About. "C" Clamps : o

~

 Look at Picture 2. You can use a "C" clamp as a caliper to

measure roughly the diameter of round thfngs,' Fit the round
object into the "C" clamp so it Jjust fits. Then slip it out

and measure the space between the jaws of the "C" clamp.

iiij
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Picture 2
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CARD 18

More About "C" Clamps wutjé
"Look at Picture 3. You cénmqi% a "C" clamp as a wrench to turn

a nut off a bolt. Fit the clamp around the nut. Tighten the

clamp ind turn. ' . ‘ .

Picture 3

Look at Picture.4. You can use "C" clamps to 1ift or pull

large sheets of metal. Put seveﬁal clamps on the sheet and

hold onto them instead of the sharp edges. - It's safer.

AY

Picture 4 ‘
n : DL1-18




Cmacene,

More About "C" Clamps

~-Look at Picture 5. You can use a "C" clamp as a valve on &

ribber hose. Put the clamp-on-the hose. Tighten the cfamp to

_ PLASTIC Tug
LOROX

Wit Bov77em
_covr G614,

Picture§

~ CARD 19

DL1-19



~ More About "C" Clamps | _ 1

"C" clamps can be used in many ways. Look at the picture.

Think of two new ways to use "C" clamps.

DL1-20
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CARD 21 -

'ﬁgg_To Cut Glass

Dip the tip of a new glas§ cutter in kerosene. Hold it firmly
against a straightedge, and score a 1ine straight acrdés ;he

glass in one stroke. Qo not try to score the whole line again.

If yod missgd‘part-of fhe line, carefully score only that part. .
To cut the glass into two parts, put it over a small nail. The
nail should 1ie under the line at one édge of the glass. Look

at the picture. ‘Be sure the scored 1ine is on the top side of

the glass. Put gloves on’your hands. Place your hands on the
odtside edges of the glass. Place one hand to the left and one

to the right of the scored line. Now press down.firmly with

both hands at the same time. L =
USE GLOVES WHEN PRESSING GLASS. ll¢6LAss cuTTER

‘ S 1Y
.SCORE A Linge /.;/ | o /,///
IN ONiZ STROKG — gﬂ

. X{ -S?Wﬂ'cfi‘r

PRisss ; 2
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NR!& R;C«T / ONDIER ScoRED LINE
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CARD 22

How To Make Sheet Glass anq Mirrqrs Safe to Use in Experiments

3

Cover one whole side of the glass with masking tape. If the

‘glass breaks the pieces will not fly all around. They wi]]q

stick to the Eppe. If you need to see through the glass, use

clear tape.

s
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N

WS
SV

DL1-22




it 2 LN s Nt Dl
s+ S e gr Ml o ey e [ YA

Teb gt .

CARD 23

How To Cut Sheet Rock

Use a straight edge as a guide and score a_1ine across the.sheet ‘
rock with a sharp knife. You have to press hard enough on the
knife to go through cardboard backing. 'Put your hand uq@er the
piece of sheet rock. Hit the sheet rock sharply with the side
of your hand right under the scored Tine. The plaster will part

. right along the line. Now you have to cut the cardboard backing
on the underneath side with the knife. Fold the piece 9f sheet

rock and cut from underneath. Look at the pictures. .
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CARD 24

How To Find the Length of a Single Layer Coil of Wire

Measure the diameter (width) of the coil. Count the number of
turns of wire. Multiply the diameter by 3. Then multiply that
answer by the number of turns in the coil. Finally, find 15%

of the new answer and then add it on. That answer is about how

»

ruch wire is wrapped around the coil.

-

>

Ceon? Noembes o F 7%Vf755f.

'T MEASURE
N éOlAM.ETE’R

EXAMPLE: The length of 10_turns of wire on a coil with a
2" diameter is about:
1) 2" x 3 = 6"
2) 6" x 10 = 60"

3) 60" + .15 (60") = 60" + 9" = 69"

f)‘\ DL]"24




A OO T ~ CARD 25
How To_Find the Leng_b of a Coil of w1re With Many Layers

Measure the diameter of the coil across the inside hole.

Measure the diameter of the coil across the outside Iayer. Find
the average d1ametgr. Count the number of turns of wire on the
top layer and count fhe.number of layers. Multiply the'average"
di ameter of the éoi] by 3. ;Then mu1t§p1y that number by the .

" number of tu(ﬁs per layer. Then multiply that number by the
number of layers. Find 15% @f the total and then add it to

" the total. That answér is the approximate length of the wire.
ARyciipll _ c

S NUMEEK. OF TuNS e 1.

EXAMPLE: A wultilayered coil of wire has an average diameter of
3". The length of wir; wound in 5 layers with 12 purns
per iaxer is about: ° "

1) 3x3" =9
2) 9" x 12 x 5= 540" -
3)° 540" + .15 (540") = 540" + 81& = 621"

DL1-25
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| HOW TO CONSTRUCT A SAMPLING HISTOGRAM
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M | CARD 1
What a_Samplé Histogram Is -

In an experiment you often need to count héw many cérs cross an

intersection or how many “heads" come up when a coin is tossed.
- If you do the experiment égajn you often come up with different
éouﬁts although the experiment is the same.

™~

For example, you may toss a coin ten times and get 8 heads -
and 2 tails. If you toss it ten times more you may get 4
heads and 6 tails. If you keep making ten tosses you may
get the same counts for heads and tails. Or, you may get
different counts. Each test or sample of ten tosses could
give you a different count.
Sometimes 1t is important to know the distribution of the samples
. you take. The distribution of the sampies describes how the
_L_samples turn out - how many have the same counts and how many
- have different counts. After taking many samples you can see
the distribution. The distribution will also give you an idea

about how more sample counts may turn out..

A sampling histogram is é pictdre of saﬁple counts. You can use
- it to see the distribution of your set of samplés. The histogram
willushow you how yournsampling has turned out. (It will,also
give you an idea about other sample counts you might take. The
sampling histrogrém can also help you to find the median sample

in your set of samples.
Card 2 tells you how to first make a télly chart of your samples.

o 24 : 62-1




Making A Sampling Tally

Children from a class visited an intersection for five different
d&ys at 12:00 A.M. They counted the numyer of cars which passed
the intersection in five minutes each day. Here is the data

from the sample thgy took on each cf the five days: -

Number of'cafs crossing inter-
section in five minute_samples

oay 1 | RO WCINL L |17
bay 2 [N N WI 3
Day 3 | T TNy T | 16

Day 4 2

I
Day 5 MMM\ '- 16

Sample

How many cars crossed the intersection in five minutes on the
first day?
On which day did the greatest number of cars cross the intersection?
On which day did the smallest number of cars cross? "
Did the same number of cars cross on more than one day?
Answers: Seventeen cars crossed the intersection the first day.
The most cars crossed the first day. ,
The smallest number of cars crossed on the fourth day.

The same number of cars crossed on two days.
Sixteen cars crossed on those two days.

«n
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" : "’”Mére About Making:A_SamPTing Tally

A girl tossed a tetrahedron or four-sided solid shapeilo times. -

-landed down. -Here is her tally sheet for the 5 samples of ten_-

-------

As she tossed the tetrahedron she ta}%iéd the number of times
the green side landed down. After éhe finished this first spmple' éfin
of ten tosses, she did the experiment 4 more times. In each samp]g:f$:j

of ten tosses, she counted the number of ‘times the green face . < i

tosses: ’ : #
o Number of hmes Green %a. ’
0 Acxant : !
%rﬁ gart don tampe F
H . . \ 2
. &'x'ﬂ(}“& [} . ‘ l l 2 - PR
iSv.\o?.'\ﬂh:. b ‘ ‘ ‘ ) . ) 3 . »T-"i:lf;i
! N\ ' . c : saan ‘ . 'c;-
Sevmply 3 | ) : | . R
{ - . : . - 'j
\\;-Sn. mpe § M' ‘ ' ~b ) | ,Ev
How many times did the green face land down in the 3rd sample? _i?
In which sample did the green face land down the most times? :E
_ . ¢

What- is the smallest number of times the green face landed down
in any sample?
If you have trouble keeping track of samples, see Card 12 for

a tally sheet.

.. 23
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Your samp11ng histogram from this data looks like this:

A

, _‘._‘ N

¥ 2

7 sometimes it is important to know how each sample count you uake

- ¢changes or is the same.
lot of sampie tallies.
out how your samples differ.

- CARD 4 .7,

Making:a Saggl1ugAHist*gram

A sampling histogram is a picture of a
You can draw a sampling histogram to find

For instance, we can show the data from the tally sheet on Card: 2

in a sampling histogram.
the intersection in each sample.

On it we can show how many cars crossed .. g
The histogram will also tell v

us how many samples the same number of cars crossed the inter-
section. .

From the tally sheet on Card 2 we see that: -

(¢
“

'.

i

Ids 155?.. ‘_- . F

1 sample tallied 2 cars

1 sample tallied 13 cars
2 samples tallied 16 cars
1 sample tallied 17 cars

N
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It is hard to get a good 1dea about the distribution of your

samples from only five samples.
change or are the same you need to take many more ‘samples.
tallies should be made on many more days.

To see how your sample counts _
More
After the number of

cars is counted each day, one more cross mark can be added on
the samp11ng histogram.
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NUMBER. oF SAMPLES
TALLYING EAcH psARAR.

©oF GREEN FACES
- - fo

More About Making a Sampling Histogram

.-The data from Card 3 can also be shown in a sampling histogram.

On it we can show the number of times the greenfface landed down
in each sample of ten tosses. The histogram will a1so_te11_us

how many samples tallied the same number of green faces and how.

R

many tallied different numbers.

[
d’-

1

XK XXX ><

/& 3 y 8 ¢ . 7 ] 7 w, L
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¢

Number of times Green face landed down ;:%

3

What is the largest number of times the green face landed down in
any sample?

What is the smallest number of.times the green face landed down in i
any sample? : '

In how many samples did the green face land dqwn Just once? .. -

ANSWERS: The largest number of green faces is 6.
The smallest number of green faces is 1.
The green face Tanded down just once in one sampie.

To get a good idea of the distribution of your samples you need to

take many more samples. A sampling histogram of 80 samples of 10

tosses is shown on the.next card. g B
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”A-Sampling;ﬂistggram of 60 Samples

A ' .

% | ) - "_'1.

' :‘2‘\ :""":‘\: - 1‘,.... -

¢ N e b L

' | s | ey

2 S [

Y el e I 1

V74 P Bl P

/3 e [ | e

/% P e P

al D | e | e

s e R sl

v Pl ) Pl et I DU P SN AU NS

7 D | S [T T — s

& Pl Bl Pt P Pcai

s e | g [P | ST | e

7| > | D | D [ ] ol e =<

S e | e | e e | T e e : i
o 2 3 & 5 ¢ 7. & v /¢

Number of times the Green face Tanded down in sanﬁles of 10 tosses. f;

What is the largest number of times the green faces landed down
in any sample?

What is the smallest number of green faces landing down in any
sample? , . . '

In how many samples did the green face not land down at ali?
Did the green face land down just 5 times in more than one sample? . .

What is the number of times the green face landed down in most
samples?
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. (See the "How To" cards on How To Find the Median in a Set of Data

i

*Fihding_the Median in a Set of Samples

The median sample is the middle sample of a group or set of samples.

The median sample is found by arranging the samples of the set in ok
order of their size - starting with the sample having the smallest . ..
tally. When the samples have been listed in order you find the :

. middle sample in the list, This middle sample is the median sample.  '?f

. The median is the number of things tallied in the médian sample.

You can use the median to describe the set of samples taken. .The

‘median tells you that most of the sample tallies are about the

same as the median.

if you don't understand medians.)

For example, we can find the median of a set of samples using
the data on Card 3. First we 1ist our samples in order - starting
with the sample having the smallest number of green faces tallied.

Sample 3~ . Sample 1 Sample 2 Sample 4 Sample 5
1 green 2 green 3 green 4 green 6 green ) i%&
Then we find the median or middle sample. In this set of five |

samples the median sample is Sample 2. The median for the number
of green faces tallied in Sample 2 is 3 green faces.

median _
Sample 3 Sample 1 Saﬁ%le'? ~ Sample 4 Sample 5
1 green 2 green 3 é%een 4 gréen 6 green .
median N &

You can also find the median by using a sampling histogram. The
median sample in a set of 5 samples is the third sample. You .
could count the crossmarks on the sampling histogram from left

to right. The 3rd mark would be the median sample and the number
of green faces or median is 3 green faces.

25 G2-7
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More About Finding the Median

Card 7 -showed us thaiTWe can find the median in two ways. We
can find the median by looking at the sampling tally of samples.
Or we can find the median by looking at a.sampling histogram.

For instance, to find the median diréctly from the data on Card 6
you could list all 80 samples in order of their size. The first
10 samples would be: . :

0,0,0,0,1,1,1,1, 1,1

If you Tist all 80 samples in this way you can find the median
sample by choosing the middie sample in the set of 80 samples.
In this set, the mediah sample would be the 40th sample. The
medi?n would be the number of green faces tallied in the 40th
sample. : .

An easier way to find the median is to look at the sampling
histogram. If there are 80 samples marked on the sampling

t. .togram you know that the median sample is the 40th sample.
O the sampling histogram ‘the 40th crussmark is the median
sample. You find the 40th crossmark by counting the marks ‘-
starting with the smallest sample. The 40th crossmark is the
median sample. The number of green faces tallied in the 40th
sample is the median. )

What is the median sample in the sampling histogram on Card 67

What is the median in the histogram on Card 6?

Answers: The median sample is the 40th sample.

The median is 3 green faces in a sample of
ten tosses.

Q %
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" MAKING_YOUR OWN HISTOGRAM

In your experiments yoh.may want to make a sampling histogram. A -

sampling histogram will tell you how your sample counts from an
experiment change or are the same if you repeat the experiment -.
several times. ' -

To make a sampling histogram you collect data about something in
samples of a certain size. ‘You may want to take five-minute
samples of the number of cars crossing an intersection. Or you
may want to find out the number of times a certdin face of a die
13pds in samples of ten tosses.

As'you take each sample you record your data on a sampling tally.
(See Cards 2 and 3.) After you finish.taking samples you find
the total number of tallies for each sample. _
You can draw a sampling histogram 1ike this:
1. Draw two 1ines and mark : o -4
them off in equal parts. . g =3
2. Notice that the bottom ' I
line shows the number of .:;
things counted (cars, faces). [ | ®
]
3. Notice that the up and down (&
line shows the number of !8
samples having each number N WO—
of things counted (number ' number of §{
of samples having 1 car or 1 face). things counted

4. You draw a crossmark for each sample
in the proper square. Y¥ou use your sampling
tally to find out where each cross mark should go.

Sometimes it is easier to make a sampling histogram fomm first. Then

you can record your sample counts on the histogram as you take' the

samples.
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MORE_ABOUT MAKING YOUR OMN HISTOGRAM

Hnoes your sampling histogram give you a good idea about-the distribu-

tion of your sample? Does it show you what sample size happens most .-

often?

+1f not, you should continue'to take samples. Record the data from

each sample on your sampling tally. Then;add a crossmark for each

e

sample on the histogram. Or you can record directly on the histogrém ; f%}

form.

After many samples you will get an idea of the distribution of your
samples. You will also be able to see what sample size happens the ,
most ofteq{ After this you can find the median samp1e and the

median of your set of samples.

You might want to keep your sampling tallies and histograms in a
safe place. The next card tells you how to make a folder to hold

your work.

S
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CARD'H :

 MAKING A FOLDER TO HOLD SAMPLING TALLIES AND HISTOGRAMS

You will want to'keep all your diagrams-and reports in a éafe place.;;§;

You can make a folder like this:

1. Cut a piece of construction paper so that it
is 6 inches wide and 18 inches long,

2. Cut another piece so that it is 12 inches wide
and 18 inches 1ong.

3. Put the two pieces together with tape. Look at
the picture below. :

T | B

L

lz" e~ i

18| o

cue| AN | | .
6"£‘. poqke t~ e ~.&‘ . 9 - Q'

¢ ¥ ‘ : \ R

S S

e \\ ' ,/"'paper tapo'.‘\.o’ ¢ s

- - * ‘.."’I' ..ha:\

4, Fold in"the middle so that the pocket is. ~;;§
on the 1nside. __,,——-“““~—".L?

>+ = we1 o ameaTan (o]

5. Your name and a title for your folder . SAMPLING
should be put on the front cover like this. { - “TALLIES

! j and

—>

- .
PR SLRS AR

youxr
- npame |

(o
&
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-together. This sum will tell you the total number of times a green

CARD 12

HOW_TO KEEP TRACK OF SAMPLES

Sometimes it is hard to keep track of sample counts. A tally sheet
can-help you to count the number of times a thing happens in your

. sample.

For example, you-may be tossing a tetrahedron ten timeQ to see how
many green faces land down. If you have a tally sheet you can write

- the results of each toss in your sample. ;

Here is a tally sheet of the five samples from Card 3. After each £
of the ten tosses in each sample a check mark is made if the green e
face landed down. A 0 is drawn if another face landed down. When g
ten tosses-are finished the check marks in the sample are added i

face landed down in each sample.

| [ somplet|Sample 2| SpleBlSamplet [Sample 57|
Cros| O | c lo |l v | .
us] O 0 O'”F v (@) |
Thi| O 0 »)] v “{___;_4
|Pae | O | O v | O v ‘
Sl 7 1T 0O 1 O0l0o o |
Bhs| O v o) Vv V4
| ®hes| O (@) 0 @), o |
o] O v o) Jo) v j
Bt | V o |0 | O N4
%ﬁﬁ&ﬁo 0 Q| Vv O
of Hm ‘
|k |2 | 3|1 |H] ¢
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: " CARD 1
S | What A Bar Graph Tally Is
- 'J ’
' A bar graph tally is a picture of the data coilected 1n an
K , “exper1ment . j .

’°'iSdmet1mes.you can get more 1nformation about your data from a
. T

'+, picture than from words. Sometimes, too. 1t 1s éasier to des-
5}5.' _ cribe your data to someone in a pictune “than in words. A bar

graph'taily can make your pieces of data easier to understand.

. Here are two types ‘of bar graph tallies: R
I A II A o g '
’ P !
- . RPN NS b < &
4 : | 41 N
3 L___T 3 A /j
| WER
-’ 2 [*"‘"_" I 2 ‘: ""'
3 R \
L ™ L KORKORS
_. 1 l | AN
N ™

Type I bar graph tally is drawn after the data from an experiment
had been collected. Type Il bar graph tally can be drawn during '

the experiment. The pieces of data in the experiment are.re-

corded right on the Graph.
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CARD 2

Making A Bar Graph Tally - Type |

t

- The Type 1 bar graph tally is made af*er data from an experi-

£ [

ment has been collected.

For exampIe, you can make the first kind of bar graph tally

A

from the piecestof.data you find in this story:

I was watching cars at an intersection for 3
minutes, I first saw a Chevy, then a Ford,
then two Buicks, then another Ford, then a
Rambler, then three Fords and a Chevy.

To make a Type I bar graph tally, you first tally your data

on a chart 1ike this:

Types of Cars Number Seen
Tally Marks Total
Chevys , | | 2
e l
ford 5
'Ofus R s 7
Ramblers ] l _ ‘1
Buicks I 2 i
p rammcm » o . ----.-‘—-1
JChxyslers 0

See the "How To" cards on How To Record Data by Yallying if
you don't understand tally marks and tallying.
The next card tells you how to draw your bar graph tally using

the data on this chart.




More About Making a Bar Graph Tally - Type I

b
To make a bar graph form for'your data:

]o
2.

Draw graph form like this:
Notice that the bottom line is

divided into five equal parts,

one for each type of car.

Notice that the up and down line

. is divided into 6 equal parts.

5.

¢ o

| IR

2
-

Don't forget to write down the E -

names of the cars and the words
"Types of cars" under the
bottom line.

The up and down line should be
numbered 1 to 6 and titled
"Number of cars seen".

MedcR oF CARS

data on your graph,

Look at each type of car list-.
ed on your chart, Find out
how many times each was seen.

Above each car type draw
a block which reaches to
the number of times it was

seen.

T elbom
.

“SEFAN fena

u,fQ,,:,‘,.
TNPES ¢F CARS
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Making A Bar Graph Tally - Type II

The Type Il bar graph tally is drawn duringwgbgﬁeipgriment. _
The pieces of data in the experiment are recordédﬂfight on the . 'ifi
bar graph without first_ta11yihg them, | . éif
To use a Type II bar graph tally you should figure out what you're |

" going to record. Then you should make a bar graph form for your

bar graph before you start the experiment. - |

For example, the cars at the intersecion described on Card 2

could have beenl?econded on a bar graph as they were seen., In

;his_cage, the bar graph tally would look 1like this:

bT' e
o0
é v g T
g W o — -
V & e - 2
553 ” T ﬁti’“”
2V s ~.~
PR ‘r-\\~\~""."‘.\“ -
[ i U [T LA (_h“{!‘u

TYPES OF cCALS

Each crossmark means that a car has been seen one time. Each
time a type of car was seen another crossmaik was added.

You might want to keep your bar graph tallies in a safe place.
The following card tells you how to make a folder to hold your
work. |

45 G1-4



. Making a Folder to Hold Bar Graph Tallies

You can make a folder like this:

-

2.

Cut a piece of construction paper so that it

is 6 inches wide and 18 inches long.

Cut another piece so that it is 12 inches wide
and 18 inches long.

.CARD &

Put the two pieces together.with tape. Look at )
the picture below.
K : ~— /3" i
T~ {
. ' .
l
[ al
_ le O'
. it —
e 7N |
. |
o P : pogket | -
’ I ‘\
: 1
QL vt 2 St
. .\ e DADC APCeny
\ﬁ--.’"- papcr t‘ll)c \:‘ 0'
Fold in the middle so that the pocket is on __g:::LL""mj:]_
the inside. '
Put the title and your name on the front Bar Graph
cover. Look at the picture. Tallies
your ,[

name
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HOW TO MAKE SCALE DRAWINGS AND MODELS
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FINDING OUT ABOUT SCALING

A scale is a rule for éhanging real distances to smaller or lqrger

distances so you can make scale drawings and maps and models.

For example, the rule "one inch on paper stands for one foot in

real life" is a scale. ' e

It means that anything that measures 1 inch on paper measures 1 foot
in real 1ife. So anything that measures § inche;/én paper measures
5 feet in real life.  Anything that measures 18’inches on paper

measures 18 feet in real life, and so on.

This is one kind of scale you can use. You .let one of one unit of
measure stand for one of another unit of measure. This is the

easiest'kind of scale to use.

1

Here is a quick way to wfite scales. The<¢—> mark means "stands
for", |

1 inch €~>» 1 foot

1 inch €% 1 yard

1 inch &= 1 mile

S-1-1




CARD 2

MAKING A SIMPLE SCALE DRAWING

’

Let's use the scale 1 inch<=»1 foot to make a simple scale drawing.
‘s

Let's make a scale drawing of a bird's eye view ofha table. Look
at the‘picture. This is the wéy we m{ght looE at the table. We

want the scale drawing to show what it would look like if we were
looking straight down at it, | |

7 < mfa feet

- -

X
¥

,b\k

Suppose we measured the tab1e and found that it was 6 feet long and

3 feet wide. Now we can use our scale to change real distances to

- scaled distances. If 1 inche=»1 foot and the table is 6 feet long

in real 1ife, it should be 6 inches long on paper. If the table is_

3 feet wide in real 1ife, it should be 3 inches wide on paper.

Draw a rectangle 6 inches long and 3 inches wide. Write under it:
Scale: 1 inch€¥»1 foot
That rectangle is a scale drawing of a bird's eye view of the table.

A4
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USING GRAPH PAPER TO MAKE SCALE DRAWINGS

You can use graph paper to help you make scale drawings.

Look at a piece of graph paper. Notice how it is marked off in -

squares. If you use graph paper for a sca]e.drawing. you can let .

one square stand for some real distance.

Let's use your piece of graph paper to make another simple scale

drawing. Let one square stand for one foot. Draw a bird's eye

view of a room 20 feet long and 12 feet widg.

} )

How did you do it? Did you draw a rectangle 20 squares long and

12 squares wide? Look at the picture.

L

-

\

N { i - . s . . i . 1 t . [
!

f\-
© : . ) A
. P-e . by
| | !
' Z
, AR I
] (l ‘ .
: A J/
| L]
P
< - 240" '.:“L&U"fs-‘ - }

Scale: 1 square€¥»l foot
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MAKING SCALE DRAWINGS BIGGER
Did you know that you can get graph paper with.differgnt size squares?
Some kinds have large squares. .Some have small squares. If yoﬁr
paper has small squares your scale drawing of the room is small like
the picturé’on‘Card 3. Suppose you want to make a bigger scale draw-
- ing so you can draw furniture inside the room? How can you make your

scale drawing of the room bigger? Do you know? Can you guess?

Suppose you want to make a scale drawing of the room bigger than the
drawing on Card 3. How can you do it? You can let 2 squares stand

for'1 foot.

"How do you use this scale? If the room is 20 feet long and 12 feet

wide and 2 squares<€-» 1 foot:

3]

20 feet X 2 squares per foot = 40 squares

t

12 feet X 2 squares per foot = 24 squares.
S0 the scale drawing of the room will be 40 squares long and 24

squares wide.

How is this scale different from the other scales wetave talked

about so far?
2 squares€?1 foot

Several of one thing stand for one of another thing.

Remember: When you are using a scale to make a drawing bigger:

real distance X scale = distance to use in scale drawing.

Si S-1-4
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CARD 5

CHOOSING SCALES AND PAPER
Suppose you want to make a scale drawing of a bird's eye view of
your playground. First you have to measure the length and width

of the playground.

Suppose you measure and find the playground is 100 yards long and

50 yards wide.

Now you have to pick the ;ca?e and the paper you will use to make °

the scale drawing. '

Think of easy scales to use. One easy scale to use would be

1 inch€=¥%1 yard.

How long will your paper have to be to use this scale? How wide?
Can you find a piece of paper at least 100 inches long and 50

inches wide?

Here is a way:to find out how big that is. Use chalk to draw a
rectangle 100 inches long and 50 inches wide on the blackboard or

the floor.

How can you make your scale drawing of the playground smaller?

Think of other easy scales to use.

Figure out what size paper you need for each scale you think of.

Try to find the right size paper or paper which can be cut down to

the right size. ° 50 §-1-5
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MAKING SCALE DRAWINGS SMALLER

What other easy scales did you think of? .

Did you think of using l\square19->1 yard? Did you find a piece
of’graph paper at least {OQ sQuares long and 50 squares wide?

Did you think of using } inche€=» 5 yards? |

How do you use this scale? How do you'figure out what .size paper

you need?

If the playground is 100 yards long and 50 yards wide and
1 inch<=¥» 5 yards: , - e
, 100 yards ¢ 5 yards per inch = 20 inches
_;fés

50 yards ¢ 5 yards per inch = 10 inches
So the scale drawing will be 20 inches long and 10 inches wide. You
will have to use paper at least 20 inches long and 10 inches wide.
How is this scale different from other scales we have talked about?

1 inch =¥ 5 yards

One of one unit of measure stands for éeveral of another unit of
measure,
Remember: When you are using a scale to make a drawing smaller:

real distance = scale = distance to use in;sca1e drawing.

$-1-6
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~ CARD 7

USING DIFFERENT UNITS OF MEASURE

Yards and feet and inches are three different units of measure.

You use one or two or even all three when you measure things.

You can change measurements from one unit of measure to another.
You probably know_thaf:
1 foot = 12 inches |
1 yard = 3 feet = 36 inches
These are the rules you use to change from one unit of measure to
another.
You also know now that you use different units of measure when you

make up scales.
[

Sometimes when you are making scale drawings and models you have
to change some of your measurements from one unit of measure to

another sc you can use your scale. Card 8 tells you more about this.

§-1-7
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CARD 8

WORKING WITH MEASUREMENTS

Think about the scale 1 inch&—»1 yard. ‘In order to use the sca]e
you will want all your measurements to be in yards.

What will you do if you measure things in yards but have feet and
inches left over? _ . .

One easy answer is to measure to the nearest yard and forget about

" what is left over. Or you can chahge the feet and inches left over

to fractions of yards. Then put the fractions of yards on the ~
scale drawing as fractions of inches. ' )

Think about the scale 1 inch€==4 yards. What wﬂl you do if you
are using that scale and have feet and inches left over? You have
the same two choices, but now if you try to put in the feet and

+ inches left over, they will go on the scale drawing as very small
fractions of inches. Because each inch now stands for 4 yards, each
fraction of a yard will be less than 1/4 inch. It will hardly show -
up. So in this case it would make sense to measure to the nearest
yard and forget about what is Teft over.

Think about this after you choose your scale and before you do all

your measuring. Your scale-will help you decide whether you should

measure to the nearest yard or foot or inch and forget about what is.

;eft over or whether you should try to put what 1s left over in the
rawing.

$-1-8

..
.
- ’_,’



CARD 9
/ * CONVERSION GRAPHS

Think abbup the scale 1 inch €3 1 yard again. Suppose some
of your measurements are in feet or inches’ or both instead of
yards. You will have to change them to yards té.use the scale.
Ybu will have to use the rules to change them. You can use the
rules to make a conversion graph. A conversion graph is a
straight Tine graph that can be used to change from one unit of
measure to another. Look at the picture. You can use this

graph to change from yards to feet or from feet to yards.

/ 2.3#3"6787464»'
yards

J—,

Card 10 tells you how to make and use a conversion aranh.

S-1-9



¢ L - . - _CARD 10

’ MAKING AND USING CONVERSION GRAPHS

This is how to make a convers1on graph Look at the picture on
Card 9.

<

Draw a graph form like the one in the picture. Divide each line
into equal parts. Label the bottom line “¥ards" and number each
part counting by 1's. -Label the side line®feet"and number each

: pa:t counting by 3's. You count by 1's and 3 s because 1 yard =

3 feet. .

U51ng the rule 1 yard = 3 feet,- put an easy.- point on your graph.
For example, draw a light line straight up from 10 yards and
another light line straight over from 30 feet. Put an "X" where
the two lines meet. Draw a dark straight line from that "X" to
the zero ‘corner of the graph form.

WNow you can use the graph to change from yards to feet or from
feet to yards, You trace a 1ine up from'a numbér on the yard

. line until you reach the dark line. Then you change direction

° and trace a line over to the feet line. The number of yards you

begin with equals the number of feet you end with. You go the

other way to change from feet -to yards. Look at the dotted lines

on the picture. They show how - to change from 5 yards to 15 feet

or from 15 feet to 5 yards.

You can make other conversion graphs to change- from yards to
inches and back again or from feet to inches and back again.

t

: : : $-1-10
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CARD 11

USING CONVERSION GRAPHS FOR SCALES o

You can aiso make a conversion graph, for.a scale. Instead of
setting it up to change from one unit of measure tc¢ another,
you set it up to charge from real distances to scaled distances .

using a scale.

Lbok at the picture. It shows a conversion graph for the scale

1 inch > 4 feet.

Seale: |inchot

7 2345 CT87m°
inches

e SN

You use this graph the same way youuse the other conversion

graph. See Card 10.

Make a conversion graph for your owﬂ[gcale.

ERIC | | T $-1-11"
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MAKING A SCALE DRAWING

To make a ;cale drawing:
1. Measure the length and width ;f thé area you want to
maké tne scale drawing of.
2. Choose yphr scale and your paper.
3. Decide.what tools to use to measure all the things you
want to put in the_draw}ng. Your scale will help you
d€cide what tool 'to use. See the "How To" cards on
choosing measuring tools for more about this.
41 Use your chosen toolseto measure the things you want
to put'in. |
'5. Use your scale to change the real distaﬁces.yo&_have
measured to the smaller or larger distances you will
use in the drawiné. ,”
6. Draw‘or cut out the things you want to put in using the

scaled measuremgnts. T .

S-1-12




"CARD 13

MAKING SCALE MODELS

There i§\one big difference between making scale drawings and
making scalg models. When you make scale drawings you work with -

lengths and widths. “when'you'ma’e scale models you work with

lengths and widths and heights. ' ' .

SOmetimeé whep you make scalé modg]s you need to know the height
of tall objects which you can't measure straight ub'because
they'are'tdo tai! or hard to get gt. If you né%d help finding

the heights of things like that, see thé_"How To" cards on finding
the heigﬁt of a buildiqg or a treg. |

Once. you gef your measurements you work with heights the same
as you work with lengths and widths. You use your scale to
- figure out how long and wide and tall to make things and where

to_place_them. Then you build them and place them.

¢

S-1-13
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| HOW TO MAKE TRIANGLE DRAWINGS ’
' . TO COMPARE FRACTIONS (OR RATIOS) '
Unified Science amd Mathematics for Elementary Schools
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An Outline of the Prcb1g§_

A ratio compares two numbers or measurements. It is a-fraction.

Sometimes you need'to compare two or more fractions or ratios.” = v

For example you may need to know if a person 1s 1ong-1egged or
short-legged. You have to be careful because a person can be
tall and have long legs. But he may not 1ook Tongnlegged be~

cause the rest of his body is also lgng.

To find out if a person is long or short¥1egged you need to .do

3 things. . . : :

1. Make.two measurements on'each person, leg length and

trunk length (distance from shoulders to top of Tegs).

2. For each person make a ratio y

trunk length
1eg length

&
. 3. Compare each person's ‘ratio with one another. S o

Other ratios can be compared in this way " If you made a ratio
dollars for each food item in the food store you could compare

pounds
the ratios for the different food items in the store.

This set of cards tells you how to make triangle drawings to

s Compare ratios.

-, 0
Q .. . 84: S2-1
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Picturing Two Measurements

! - P R I ]

* How do you'decide a person was short-legged or 1ong~legged}'70ne

.....

way is to 100k_at the pérson to see how long his 1egs“are'ddmpared =ﬁ

to the rest of his body. Lodkﬁat the stick people below. Do yog

agree with the titles?. | i

short-legged - long-legged short-legged long-legged
child child adult adult

k4

A better way to find out if a person is short-leabéd or long-
legged, would be to measure both the leg length and theiléqgtﬁ
of a person's trunk (distance from shoulders to top. of 1eg§).
An eas} way to measure is to have him sit on the floor with'his

' back against a wall. Look at the picture below.

wall
trunk
length
, " Y .
floor (s )
leo length /

-~

You can measure the two distances with a ruler or a yardstick.

Put all your measurements and drawings in a folder. (Card 12

to make a folder.).
o tells you how ) o $2.2
. ~w ot N
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' Comparing People's Measurements B

¢

To tell if a person is long or short-legged pretend there is

a 1ine drawn between his shoulders and his feet. ‘Look at the . i

dotted lines in the pictures below.. The dotted line makes a -
¢riangle. How steep it is tells you whether he is short-]egged

or long~legged.

0

| MSE

. long-legged person short-1egged person

Which dotted line is steeper...the one for the long-legged

person or the one for the short-legged person?

Would the line between shoulders and feet for a very short-legged

person go up steeper, or be less steep?

Measure the trunk length and leg length of several friends as
they sit against a wall. Do you think they are short-legged or
long-legged? '

S2-3



ComgaringrPeoplefs Measurements by Making Scale Drawings

You can compare pe0p1e $ measurements by making scale drawings. -
ﬁfb' | L.et' s say we have three people's measurements. Look at the

pictures below.

Ist child 2nd child ' . 3rd child = %
all |

25"

To make a scale drawing: .
1. Get some graph paper. _ /

2. Decide on a scale for your drawing. For example. let's
say the scale of one square on the paper stands for 2"
on the real measurements. If you need'help deciding on
a scale, see "How to Make Scale Drawings or Models." °

3. Draw the-leg length of the ist child on a line at the

iy : bottom of the paper.. Use your scale (1 square Stands
” for 2"). Is your line 12 1/2 squares long?

Go on fo Card 5.

a 52"4 :
Q . ‘\L)
| .




length line up and dewn.

More About Making a Scale Drawing

-, 4. At the right end of the leg length 1ine draw the trunk

Don't forget your scale (1
square stands for 2"). ‘Is your line 10 squares high?

5. Now make a friangle by drawing a dotted line from the

top of the trunk length line to the left end of the

‘leg length line.

Look at .the picture below. It'§hows the Ist child's measure~

ments. The steepness of the dotted line in the triang]e_shows

you if the person is long-legged or short-legged.

N
I
1 207 trunk
TR T length
K A ﬂ
=+ -
p e H
d'( ' 10 0 30
x; 2‘5 n 4
leg length

Can you tell if the Ist child is short-legged or long-legged?

-

S
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Finding Comparisons:from Scale Drawings

Somegimes'it'is hard tp tell if a person is short-legged or
long-legged. You need to comparé the measurements of several
~ people to decide if a person is long-legged or short-legged. )
The other two children's measurements can Be added to your

drawing on Card 5. LooK at the triangles in.thé pictures below.

e

J% ueee:
TP i T
V& _ |

trunk length
(inches)

a 5|20 |

0 10 20 25 30
leg length (inches)

In each triahg]e how steep the dotted line is shows you if a
person is long-legged or short-legged. Which c¢hild could be.
called short-legged? Which child could be called long-legged?

L.ook at the pictures on Card 3 if you are not sure.
S2-6




Ratios -

‘The triangles you have been drawing for each person show his!a

L

measurements as a ratio. ' .o

A ratio is a fraction. It compares ¢wo numbers. The top pﬁrt

of the fraction is called the nunerator. The bottonm part is o
called the denominator. | . J
‘numerator

denominator

A ratio compares two measurehents. The ratio on your drawings .

cah also be shown this way: trunk length
‘leg length

The Ist child's trunk Iength ratio is 20" . YSee the’drawind on

leg Tength . 25" Card 6.)

What would the 2nd and 3rd child's trunk length ratio be?
leg length

(f}‘,&; S2-7
ERIC 7




Finding Equal.Ratios

Ratios can be equal even if the numerators and denominators are
different. By drawing ratios you can tell if they are equal.

Let's take the two ratios 1/2 and 2/4. The drawing below shows

e

both ratios. | o

v

&

| %
t\umerad‘&-g_n ‘ T y . ot

L

o 2 # & ®© ¥
denominator

iow can you tell if the'ratios are equal? o

.Hint: Does the line making each a triangle have the same
steepness? L

Look at the drawing again. Can you find other ratios that are
equal to ?/2? See if you can make triangle drawings of other

ratios you know are equal,

-



Finding the Median Ratio

If you have measured trunk lquth‘and leg length for several

children, you may want to find the median ratio.

This would help you pick one sizé

A4
L]

of clothing which would fit .

the “averape” child.

. ments of the different children.- Thi%teen_ratios:a

-picture below. median line

N

I YA WY
EEEEEERN N

EREEENEEAN
W

B EER LR
R AT NAN A

You can make triangle drawings Showing the:ratios of your measure-

p

trunk:.
length
(inches) |

o

o
o

leg length (inchea!

Can you find the median ra

tio? The middle or seventh line would

! ' '
be the wedian 1iné. The median ratio is 24 inches . See the
- 32 inches

"How To" cards on medians if you need help finding the median.

- legged and:chi1dngn with 1ines less steep could be call

Children with lines steeper than the median could be called short-

re shown in the -

ed long-legged.

S2-9
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e CohparingxﬂatiOS' T

v 0

dre vatton T3
Nhen you make tr1angle draw1ngs of two or ore ratios it is

1mpoﬁtant that they are p1ctured the same way. - | f?v
. For example,,the children' s trunk length ratios can be Com= }ﬁ
" : leg jlength &
pared ¥ they are all written like this: trunk length ;§
_ . . . leg 1ength _g
The triangle drawings would Took like this. S
| 3 % L[] |
20 / 4
. 5 : I -
T’RUNK 5 V4 = :
CLENGTH e |— > 4 .
\ " & CA .
' ©c SsSPEDZ MY L
Leo LENGTH “

A steep line would show a short-legged person because the trunk
{;i

length measurement is shown on the up and down line

. Now compare this drawing with the drawing on Card 11

s

71 52-10
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More On Comparing Ratios

+ B

The children's trunk length ratios can also be compared if

Teg length :
. they are all written like this:  leg length * =
trunk length . :
When the ratios are written 1ike this, the trianglé drawings‘ i
would look like this. . |
36— :
> ;
b / ’
Les ¢ ,
LeNeTh 10
P S
2 |’ B
O 5 6 15 @ 25 30 - "
TAuK LENGTH
¢ ¢

How is this drawing different from the one on Card 107

In this drawing a steep line would show a long-legged person . \

because the leg length measurement is shown on the up and down
. K3
Tine.

$2-11
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Making a_Folder to Hold Drawings_and Recorded
' Measurements

‘You will want to keep all your drawings and recorded measure-
* ments in'as safe place. a

You can make a folder by doing what 1t tells you be]ow.

~
1. Cut a p1ece of construct1on paper so ‘that 1t
is 6 inches wide and 18 inches long.

2. Cut another piece so that it is 12 inches wide
and 18 inghes long.

3. Put the two piéces together w1th tape. Look at
the picture below.

4

%—--—_- SRt s e 0. I st S ’8”—-—-—-——— u—-—.—_.....‘/l

L UCARDZ T

£

A 1
1 ‘ . B . * N\
..' -
o o .
¥ . ﬁ;
. !;J' .
- - ‘ > |
é* pocgket .
%' | A
; - 1
Gg‘-'o- N, - !
\\ ",,.papcnr tapc--, 4 "l
oy g, e o o”
4. Fold in the middle so that the pocket is on
the inside.
5. Put the title and your name on the front |  Title
cover. Look at the.picture. ;
: : your
; name
3 =
. '."3 S2-12



"How To" Cards

HOW TO FIND THE MEDIAN
OF A SET OF DATA
f (revised July, 1972) ~

-

Unified Scienie and Mathematics for Elementary Schools
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whgt the Median Is

(If you den't understand averages yet, see the "How To" cards °

on =ow to Find the Average of a Set of Data.)

1f sorgone says the average height of a group of people in a
class is 4 feet, © inchéE, you have an idea about the heights,
of neople. Four feet 6. inches describes the height of the group.

People in tne group are about 4 feet, 6 inches tall. o

3 4
L]

Tf yvou tnink tnis way, you can sometimes be wrong. "For example,
i€ tne t2acrer was included in the group, the heights might

n3ve beer: ‘
in.
ft. 3 in. _ .
£t in, average height = 4 ft. 6 in.
¢, 0 in.
ft. 9 in.

tt.

[¢4)
PR N

i~ £-

w £

Jre rerson fnotae group s much taller than the average heijght

sS4 Se, 4 e Tagr recple are shorter than the average height,

22272 ir e zecuroare not about 4 ft. € in. tall.

Teoemrg paavne, tre data is off-center. The average does
mol :es;&;ii tre et very well, we can use the median to
sesivine tez 38t of meiints snstead of the average. The median

‘e ~ip-e o€ gata in a set., here the redian will

-
[P ~ e

zesirire tre ~eicnts of the group better than the average does.

v -
S $Q 1-1
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. | CARD 2 -

‘ Finding the Median

The median is the middle piecé'of'data.\ There :are as many pieces |
of data larger than the mpedian piece as there are smaller than _
the mé&*anf : . R yy ' o

S . ;
For example; on Card 1 the median - - !

height is.4 teet, 2 inches.

i
!
? -

One way of finding the mei?an‘jé to 1ist the pieces of data in
~  grder of size -- ‘either the largest.or the smallest first. Then -

. find the midd]e piece of data. In the example we would make the

»

LN .
Tist as fotlows:

6|2n 4|3n ' 4:21! . . 410";1 3'9||
“&‘ ./%'. . ° N {
T ) § R

Two pieces of : Two pieces of
data larger \MEDIAN data smaller’

."\i

) TN
The median neight is 4 feet, 2 inches. The median 4 ft. 2 in.
d2scribes th2 set of heights.

“hhdt“is the nedian in the #0ilowing example? Attendance in class

last week was:

t

25 studentss
20 students
Wednesday - 24 students
. Thursday 23 students ,
{ Friday - 3 students (it snowed on;Friday)

Monday
Tuesday

&

Fing the median attendance. Why is the median better than the mean
{
in this taw if you are planning school activities?

ERIC - o
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More About Finding the Median

You may have an even number of pieces of data such as:

4 sec., 9 sec., 13 sec., 16 sec., 17 sec., 22 sec.

In this example, there is no sinqie piece of data in the middle,

but 13 sec. and 16 sec. are the two middle pieces.

4 sec. 9 sec. 13 sec. 16 sec. 17 sec. 22 sec.
N / AY _/ N\ /
1 [ ]

2 piecds smaller. 2 middle pieces 2 pieces larger

To find the median add these two middle numbers together and then

divide by two:

29
14 1/2

13 + 16
3+ 2

«d

The median is 14 1/2 seconds

For some sets of data, the two middle numbers may be egual or

nearly equal. Then you don't need to find their average. Can

you figure out why?

List your data in order of size and find the median piece of data.

You might want to keep the list of your data and the medians in
a safe place. Card 4 tells you how to make a folder to hold your

work . . f e SQ1-3
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Making a Folder to Hold your Data

You can make a folder like this:
\

1. Cut a piece of construction paper so that it

is 6 inches wide and 18 inches long.

LToAAR T . e

CARD 4

2. Cut another piece so that it is 12 inches wide

and 18 inches long.

Look at

3. Put the two pieces together with tape.
the picture below. \ o
' e IQ? N
{
[ .
|
=l
" o
— il
~ ] |
1 l
6’“ pogke t o
/ ) l \‘
{ \
NN N SR \
\ _-.--baper tapc--, ’/
S \. - - ”

4. Fold in the middle so that the pocket is on

the inside.
5. Your name and a title for your folder
should be put on the front cover

like this.

/,..-1'
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Cumparing the Median-and the Average

In the example on card 2, the data on attendance was

Monday - 25 students o
Tuasday - 20 students . f
Wednesday - 24 students ;r )
) Thursday - 23 students ;
Friday - 3 students

The median is 23 students. |

3 students, 20 students, 23 students, 24 students, 25 students

e
\ /
median | |
The mean is 3 + 20 +23 + 24 + 25 = 95 = 19 students
5 5
Which number of students, 23 or 19, would you use to plan a bus
~. trip, or seating in a lunch room? Would you ask for a bus that

has exactly the median number of seats? £Exactly the mean number

of seats?

SQ1-5
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"Ho@ To" Cards

“HOW TO CONNECT SEVERAL

THINGS TO ONE SOURCE OF ELECTRICITY
(Revised July 1972)

Unified Science and Mathematics for Elementary Schools
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CARD 1

L4

Adding a Second Bulb in Series

You may want' to add a second bulb or a buzzer to your circuit. These

‘

cards will show you several ways of doing it.

Build the two circuits in the pictures;* The second picture shows

the bulbs connected in series.

s m——

i F
—O0— 00

Bulos Connected
in Series

What happens to the brightness of one bulb when a second bulb is addedé
Can you think of a reason why this happens?

Find a way to connect the two bulbs so that they do not get dimmer.
Draw a schematic piéture showing how you did it. (Card Z'tells you

how to make a folder to hold your drawings.)
* In this set of cards schematics are used. See "How to Draw

Electrical Things and Electric Circuits Quickly",

Y]
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CARD 2

Making a Tollrr to iia1d Drawinas nd ?wnorts

s ® o e w - v

Ve

You . 11 want to xoup U Dyour drawings 0. 1ports in 2 saf: place.

You can mike a feldor ty

1,

2.

3

ing it it talls you betow,

Cut a picer ¢ ~onstrasticn »avor 5o that it
1S 6 1neies aldo cnn g ranhen b o,

A ) : 1 4 & s . . S
Cut anothor picce s0 that it is 12 inches wide
and 18 in.hes luny.

Put the tio piecces torithar with tape. Look at.

the piclure boluw.
T /a" .

ol

> {
l *
’ =
r
Iz e
b ] “(
1\ {
éfaé Il t
poqket % )
/ _ “\
| \
' 1
N-/-— " .'. : J #—* i
'\ [ORYY N - - ) '

‘.-."
Fold in the middln so that 2 pccket is on
the insian,

Put ti2
CO f.'o‘ r .

titt: od your 2 > oeon the front
Leo at the piciura.

(n

BURGLAR
ALARMS

your
name

P4
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oo i // CARD 3 .
2 Adding a Second Bulb in Parallel ;"
. ' ) ) i N Q‘;;.@, PP,
Does your drawing look.like one of the pictures below? All the
pictures show the bulbs connected in parallel. by

> o

“ a3

Bulbs Connected

‘Bulbs Connected in

i ._in Parallel] ) Parallel

Jraw arrows in your picture to show how the electricity flows
through one bulb. o Y . | ',

<

Does the electricity have to go through one bulb to get to the second ;-

hll}b?

Draw arrows on g picture of a circuit with bulbs connected in series

{Carg 1Y to snaw how the electricity fiows.

v i ot tne parailel connections the same? How are they different.

Prer the series conrections?

Crnbaedend et P oarrows to shov how the telectnricity %an gog;#rough
N

. \\ s
the second bulb when two bulbs ar%:connected in parallel.

AD6 -3
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LU CARD 4 = . v
. ' ‘b
' - The Amount of Flow of Electricity , .
through. Civcuits . - L
¥ ’ ' _K
" - Does your drawing (from Card 3) show several arrow paths tﬁrough:
k-\ . . 4
the battery? e
\
. 4 e
Look at the pictures to see how the electricity flows in a $eries
connéktion ?nd in a parallel.connection.
‘¢ )
S ad
! .
3ulbs Connected in Series | sulbs Connected in Paralle]
Any éleutrirgl gadget J{bulb, buzzer, bell) reducg% the amount of
. . - Y .

eiettricity in its path.- The more gadgets inroné'path the less
the amoun;'Qf electricity. When two Qulbs are in one path, they

will be dir, Thby take only half the electricity from the battery

an a4 ane bulb circait,

¢

WNEN Iwo Dby eaen Pave their own path (connected in pardllel)

the, «i11 'ho-as bright as in a o¥e bulb circuit.  They take twice

A5 i ednc teil Tty from the battery as a one bulb circuit.™
. \ ¢

¢ <, ADG-4



CARD g '
: AS
' ' Putting Three Bulbs in Parallel , '
X - 'f .
*  Can you connect three bulbs in a circuit with one battery so that
they‘are all bright?
- . .
Draw a schematic picture that shows how you did.it.
‘.. <
T
!
Q)
3
t
= -
Electricity Paths from One Battery" for Bulbs in Parallel .
The bulbs may become dim.qufckly. The battery is using its electri-
city three times faster for three paths of electricity than for one ®

path. {1 bulb circuit.)
You can connect three batteries in parallel as in the picture below

to make extra e/eg{ricity.
«;

VNN e 2
M v ¥ | { v

TR
S ! b im0 s 2 D

PP I~ e P D =Dy D D =D )

‘& -
{

Electricitv Paths from Ratteries for Bulbs in Parallel
T T e L. B :
-

l

. . AN ~ .
How would you add more batteries to-maké the bulbs even brighter?
; L . ' AD6-5




CARD 6

Making -a Bulb Burn Brighter

S

Sometimes 1f you nave, many electrical things in your circuit, they

will not work right. The bulbs will be dim or the buzzer won't work,

Can you think of a way to put more electricity in the circuit?
Look at the pictures below.
1. Which circuit will make a dim light?

2. Which will make a brighter light?
3. which will make the brightest light?

- - b

{Z}

O

.!: :}m—-‘
O

Build the circuits and find out if you weré right.

When the same path of electricity goes through several batteries,
they are connected in series. Uraw arrow paths through your circuits

to aee 1f the Latteries dare connected In series. Caution: Too many

bat teries i semdes will burn out bulbs and other things,

N AD6 -6



CARD 7

Working Two Bulbs One at a Time

Sonetimes you may want to turn one bulb (or buzzer) on and off buf have
-l

the other bulb stay on,

Connect a switch in a circuit with two bulbs and a battery so that

it turns only one bulb offi and on.
Draw a schematic picture that shows how you did it.

The picture below shows one way to do it.

C N

=

J

L.

On-0ff Switch for Only One Bulb

Can you connect another switch in the circuit to turn the other

buib on andg off?

¢ AD6-7



Using a Master Switch o

A master switch turns all the bulbs in a circuit on and off.

Connect a switch to your circuit so that it turns bcth bulbs on

and off,
Draw a schematic picture that shows how you did i¢.

. The picture below shows one way to do it.

T
“~

. I S

Cireuit with Master Switch

Can you use some of the ideas from these cards in your burglar
4
alarms?

AD6-8




.gég‘ , . ' "How To" Cards

. HOW. TO DRAW ELECTRICAL.THINGS
. ~ AND ELECTRIC CIRCUITS QUICKLY

(revised July, 1972)
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Unified Science and Mathematics for Elementary Schools
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L 'Schematicg D

e 7 ) ...-n-l-~~~' |

- It takes too much time,to draw a bulb or a bell evefy time.
Short quick pictures cén be used instead to stand fo;\the '

real thing. These quick pictures are called schematics.

Look at the pictures below. They are schematic drawings.

5N

battery (in holder}’ _J

@, I_____

bulb (in socket) two wires connecting

w—— BET] e

bell or buzzer

4 two wires not connecting
G

switch (open)

Lvs

AD8-1
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Using Schematic Drawings
to Design and Build Circuits

L 2

. The pictures belgw are schematic drawings of three circuits.

O

Design and buiid a circus your own,

Can you design a circuit that could be 2 burglar alarm? See

"How to Make a Simple Burglar Alarm."
Draw a picture of it using circuit schematics.

‘See Card 2 in "How to Make a Simple Burglar Alarm" to make a

folder to keep your drawing in.
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Dice Design Unit

- .
"Hoy To!' Cards 3

.Q HOW TO DRAW EQUILATERAL TRIANGLES, SQUARES,

AND REGULAR PENTAGONS USING DOT PATTERN SHEETS

(revised July, 1972) , . "

&

 Unified Science and Mathematics for Eiementary Schools
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5Draw1ng Equilateral Triangles ,j b
An equilateral triangle 1s a figure with three equal

straight sides and three equal angles.

- ﬁ |
.//
A .
Ask your teacher for a large sheet of heavy paper which
has dots on it like this: - ®
® © ® L -}
“\ [ ] [ ] [ ] [ ] [ ] ‘
® ] ® ® [
® ® ® L ] L ®
® @ ® [

Use a pencil and a ruler to draw straight lines between the

4 .

gots so0 that equilateral triangles are formed.

Cut out one of the trijangles. Can you fqﬁd it to check
whether the angles are equal? If the angles are not equal
maybe you have the wrong sheet. Or, maybe you connected

the wrong dots. B 4 Lo

(AR |
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Making Dice from Equilateral Triangles

Cut out some equilateral triangles and tape the edges
together to forin a solid shape. * This solid shape is one

kind of polyhedron,

Can you make different pdlyhedrons by making a different

number of triangles meet at a corner?

Can you draw a patternlof several triangles on your dot
sheet? Cut out your whole pattern. Make a polyhedron by
folding some edges between the triangles. Tape the other

edges together.

How many different_polyhedrons for dice can you make '

using equilateral triangles for faces? - 4

Can you connect the dots to make a figure that is not an

equilaterial triangle?

Can you make polyhedrons from this figure?
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Drawing Squares . e T
- \N-ﬁ- :
'if( A square is a figure with four equal sides and four equal angles. X
. . o - . A - . N ,‘.-
A !
I—
B N
Ask your teacher for a large sheet of heavy paper which has B
' dots on it like this:,
) »
® ] L4 L ] [ ] o
. . . ° ° .’
L L L ® e .
e ® ¢ L ] ¢ ®
i: ® ' ° . ¢ .

Usc a pencil and a ruler to draw straight lines between the

dots so that squares are formed.

Cut out one of the sguares.

the angles are equal?

AN

Can you told it to check whether

’
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" Making Dice from Squares T

g

= ~... Cut out some squares and tape the edges together to-form

a solid shape.. This is another kind of polyhedron.

Can you draw a paftern of several squares on your dot}_‘
pattern sheet? Cut out your whole pattern. Make a
solid shape by folding some edges between the squares.

Tape the other edges together,

Can you make different polyhedrons for dice using squares

as faces?

DD2-4
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Drawing Regular Pentagons

A regular pentagoq.is'a figure with five equal sides énd five
A .

N

| r
Ask- your teacrsr for a large sheet of heavy paper which has

dots on it like.this:

L]

Use a pencil and ruler to draw straight lines between the

dots so that pentagons are Tormed.
~

Cut out cne of ‘the pentagons; *Can you fold it to check
whether the angies are equal? Can you use two pentagons

to check if the angles are equal?,
ay
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Making Dice from Regular Pentagons | 7
Cut out sohe regular pentagons and tape the edgeS‘togethgr;f
to form a solid shape. This *is another kind of‘pojyhgdrdn.
Can you draw a pattern of sébera1 pentagons on yburlgdt
pattern sheet? Cut out your whole battern. Make a poly-
hedron by folding some edges between the pentagon. Tape

the other edges together.

Can you make different polyhedrohs'for dige using

pentagons as faces?

e
»
I
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Making_gjce from a Mixture of

Iriangles, Squares and Pentagons

/ o ,Try making different polyhedrons by using a mixture, of .
T your figures. | |

Do you think that these polyhedrons could be used for

- ' fair dice in games?
Q
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~ "How To" Cards ' gi
B
HOW TO CONSTRUCT AN EQUILATERAL
TRIANGLE .
Unified Science and Mathematics for Elementary Schools™
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An equilateral triangle has three equal s{des and three equal

angles,

Needed: pencil penciT compass
: paper .01d magazine
ruler :

Place a magazine under the paper. With a ruler you can draw a

line segment AB 2 inches long*.

P . oh

A B

Using a pencil compass place the compass point at A and the
'pencil point at B. Being careful not to change the distance
between the compass point and the pencil point, draw a curve

(arc) above the middle of the line,

.

‘\\\<:draw this arc

put compasse & put pencil
point herefA B point. here

*The segment should be the length you want for a side of the

triangle, The length of side should be the same for all polygons.
10 , DD3-1



Without changing the way the compass is set, place the compass point

on B and draw a second arc crossing the first one. Labe] the

L ,
‘::><:Eidraw-this arc

crossing point C.

\

- ——  put compass point here
B

~

With a ruler draw a line from A to C and & line from B to C.

C

draw this
& line

draw
this 1ing™

-~

A B
How many sides does an equilateral triangle nuve? Are the sides

equal? How many angles does it have? Are the angles equal?
Check the sides and angles by cutting cut the triangle and folding

it in different ways.

1ns DD3-2



"How To" Cards

HOW TO CONSTRUCT A SQUARE

Unified Science and Mathematics for Elementary Schools
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ﬁj A square has four equal sides and four equal angles.

Needed: pencil pencil compass
paper old magazine
ruler

v

Place the magazine under the paper. With a ruler draw a line

across the paper.

Mark off, near the center of the line, a line segment AB 2"

Tong*.

*The segment should be the length you want for a side of the

square. The length of side should be the same for all polygons.

DD4-1
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To construct a right angle at A, do what cards 2 and 3 tell you,

(If you already know how to construct a right angle, skip to .
card 4,)

Al

Using a pencil compass, put the compass point on A and the pencil
point at any other point on the line between A and B.
Oraw two arcs which cross the i1ine and label the crossing

points X and Y.

put compass put pencil
| point Q;re Pt point here
4 ! ..
x| A, ”’;a 'y B
‘-\“‘*-draw these
arcs

Now put the compass point on X and the pencil point on any

point between A and Y and draw an arc above .point A.

‘\\<:-draw this arc

B

put compass “put pencil point here
point here J/,'
¢ ‘ \ ‘
X1 A Y 3

DD4-2
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Keeping the same setting or the compass, put the compass point .
on Y and draw an arc which crosses the first arc. Label the _” 2
crossing point Z. '
) /)K:??‘dﬁaw this arc .
put compass
' point here
| . le .
A A 7 B
With a ruler draw ¢ line from A through Z. This line makes a .
right angle with line AB.
draw this line
G
[ 1 L
| X A Y] B
DD4-3 -
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Using the compass, put the compass point on A and the pencil
pu{nt on B,
Draw an arc crossing line AZ. Label the crossing point C.
ol dray this arc
yz i.“‘::%}:'?‘
[ | 1 .
X\ A‘\ Yy ! B \
put compass . put pencil
point here point here '
&
DD4-4
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Keeping the compass set the same way, put“the compass point on

C and draw an arc above B,

put compass C e draw this
P0int here —mSeme arc
Z
[ ] \ .
R A { f’ﬁ“ L

Without changing the way the compass is set, put the cumpass point

on B and draw an arc crossing the last arc.

point D.

Label the crossing

D draw this
arc

put compass
£ point here

nefyparas

g
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. % . .
With a ruler draw lines from C to D and from 0 to.B. .

_ draw: this Tine : ‘
. ) *ﬁ SL 4~D ) .
ok _ ; Y ' draw this ‘
a d , by é-].ine
. . X’ \
{ . \ , . )
X', A Y7 ) Sl
How many sides does a square'have? Are the sides equal? ;
How many angles does a square have? Are the angles equal?
!
Lheck the sides and angles by cutting out the square and
folding it, in different ways. \) | .
' .
Q ' _ _l ﬁ_\) DD4-6
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HOW TO MEASURE ANGLES ’
(Revised July 1972)

o Unified Science and Mathematics for Elementary Schools .
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Angles Measure the "Corners" of Figures

A good way to describe the shape of a figure is to tell about

its "corners" or ang]es(

\

Look at the figures in the picture,

A
L/ N
 J
A A A
A A A
Square Equilateral Triangle Right Isosceles Triangle

Squares have four equal sides. Equilateral triangles have three

equal sides. lsosceles triangles have two equal sides.

What can you say about the angles of the figures?

Use some precut figures to compare the anglesu If you don't
have precut figures, you can make your own figures. Y6u can
use "How To" Cards to find out how to draw squares and equila-
teral triangles. How can you make.a right isosceles triangle

from a square?
11y
Which angles in the figures in the pictures are the largest?

O Which are the smallest? Which are in between in size?

MT4-1



Angles Measure the Amount of Turn

An angle is a measure of the amecunt of turn a pointer

when the end of it moves from one point to another.

For example:

Point your arm towaqﬁ the front of the classroom.

Now move your arm until it points toward the w1ndows.

The angle between the two positions is a measure of

the amount of turn. Look at the picture.

Front

Windows 4_:ér

makes

MT4-2
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Measuring Angles

How can you make an instrument which measures angles?

Draw a sketch of your idea and construct your instrument in

the Design Lab.

If you need help in designing an instrument, see Card 4.

[N
[
oy
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. : | - CARD 4

The Straight Line Angle

Point your arm toward one wall. Now move your arm until it &
is pointing toward the opposite wall. The two spots you pointed 'ff

at are on the same straight line. Look at the picture.

—EN ‘

If you move your arm around so it points toward the first wall

~again you make a complete circle. Look at the picture.

-

mr .

o
e

What part of a whole turn is the angle of a straight line?

i

How many half turns are in a whole turn? - Vad
£

MT4-4



CARD 5
Marking Right Angles on a Protractor

One instrument which will help you measure angles is called a °

- protractor. The next few cards explain how to make a protractor.

First, cut out a circle about 6" in diameter. Put a dot in the . = ;?

center of the circle. Look at the picture.

4 -

Then find some squares or rectangleé - shapes that have 4 equal angles.“

Make sure that the angles are equal.

Place the tip of one square at the center of the circle. Look

at the picture,

Place the tips of other squaresiat the center of the circle,

so the squares just touch each other. Do not put the squares

on top of each other,

How many corners of squares fit together at the center of the circle?

Draw lines on the circle along the edges of all the squares.

Q Oraw the lines all the way oﬁtlfﬁ the edge of the circle.
L | MT4-5
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| Understanding Right Angles

Look at the picture.

S N R e e i b e e e i e T
e, i R R A e R b Rt o e I N N T OE S S 3

* Your protractor should look 1ike that now. The tips of four

¢

squares meet at the center of the circle.

Look at the picture of

7

~a

Right
angles

a square.

PN

N\

N A

VR

The angle at the corner of a square is called a right angle.

Right
angles

How many right angles have you marked on your protractor?

What fraction of a circle (a complete turn) is one right angle?

-,

MT4-6
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Marking Half Right Angles

How can you make a half right ahg]e?

Une way to make a half right angle is to fold a square crosswise.

Look at the picture,

7] 7

/ N

/

fold along - half ri
diagonal =~ em 4 > azg{erlght

N/
/
.

Why is the triangle you have made called a right isosceles

triangle? (See Card 1 for more about isosceles triangles.)

Place your half‘right angle on'your protractor with the tip

at the center and one edge along one of the lines.

Move the half right angle around the circle, keeping one edge
on a line.
How many half right angles can you fit around the center of

your protractor?

Draw lines on‘your protractor along the edge of the half right

angle-as you move it aroungl.l Draw the Tine from the center to

“the edge of the circle. - MT4-7
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Understanding Half Right Angles'

Look at the picture.

Your protractor should now look 1ike that now.

There are 8 half right angles on your protractor. What fraction

of a circle (a complete turn) is a half right angle?
Can you think of another way to make a half right angle?

Can you think of a way to wark other angles?

MT4-8



Marking Smaller Angles

One way to mark smaller angles on your protracﬁor is to use the
"corneﬁi of an equilateral triangle. An equilateral triangle

has three equal sides and three equal angles. (See Card 1)..

Place the tip of an equilateral triangle at the center of your

protractor with one edge along a line. .

s

Move the triangle around the circle, keeping one edge on a line,
How many corners of equilateral triangles can you fit around

the center of your protractor?

Draw lines on your protractor along the edges of the triangle,
as you move it around. Draw the lines from the center to the

edge of the circle.

11 MT4-9



CARD 10

» Underystanding Small Angles

w Look at' the picture.

/ Your protractor should look like that now. e
’ }

'/' ]

‘(

There are 24 small angles on your protractor.

What fraction of a circle (a complete turn) is one small

angle?

MT4-10




CARD 11

Understanding Degrees

"

Many years ago the Egyptiahs thought that the sun took a year:
to go around the earth. They also thought that there were
360 days in a year. So, they divided circles into 360 angles o

and called each angle a degree.

If a circle or one complete turn has 360 degrees, how many
degrees does a right ahgle have? Remember a right angle is

1/4 of a circle,

How many degrees does a half right angle have? Remember a

half right angle is 1/8 of a circ]e.,

How many degrees does your small angle have?
Remember your small angle is 1/24 of a circle.
How many degrees does a straight line angle have?

Remember, a straight line angle is 1/2 of a circle.

Y

MT4-1]
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CARD 12

Using Your Protraétor
to Draw Angles

You can use your protractor to draw angles in this way.

Make a small hole in the center of your protractor.

Make it juét big enough to put the point of your pencil
through. ‘Put your protractor on a piece of paper and hold
it firmly in one p]ace; Put a dot on the paper through the
hole in the protractor. Then pick out which lines on the
'protractor mark off the angle you want to draw. Put a dot
on the paper at the end of each line. Look at the picture.

It shows how to make the dots for a 90° angle (1/4 of a circle.)

“"\
D

e . L

After you make the dots, take away the protractor and use a

ruler to connect the dot in the center with the two other dots.

[N,

ke

i
l

R b ittt e i s 4 g o

Make another angle which is equal to /8 of a circle (45°).

Make another angle which is equal to 1/6 of a circle (60°).

12 Y PR
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o ’ CARD 13 Lo
' - ' .

Using Your Protractor to Find
the Height of T211 Objects

ﬁ
- J
I[f you want to find the height of a building or a tree or y
a h111, you will need to measure a sighting angle as shown
in the picture. A set of "How To" Cards-tells yoq how to-
do it. ' . ‘ [ - ‘.
J —_
7 -
o A
i - Ng © @ @
_ Z u 0O o a
sightina anale _- . FD @U D
o oo o
inlaooaj.
..... |
Measuring the He1ght oféa Tall Building with L
Open, Level Ground Beside it
7 v
I -
MT4-13
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CARD 14

Using Your Protractor to Find
How Much a Road Curves

If you want to find how much a road curves, you will need.

N

to measure sighting angles as shown in phé pictung. A set’

of “"How To" cards tells you how to do it.

‘»

S

~ Measuring How Much a Road Curves

Card 15 tells you how to make a folder to hold your data

sheets, pictures, and reports.

12, - MT4-14




CARD 15

Making a Folder to Hold X
Data Sheets, Pictures, and Report:

You will want to keep all your data sheets, pictures, and

reports in a safe place.

You can make a foﬁder like this.

1. Cut a piece of construction paper so that it
is 6 "inches wide and 18 inches iong.

2. Cut another piece so that it is 12 inches wide
and 18 inches long.

3. Put the two pieces together with tape. Look
at the picture below.

s K TSI T Smam e - /8“ T s _.\/‘ 4
l-\ - - . ey AR P ¢ D - )
/ ‘ . f
R
()
L et
lz o)
—_— S o4 A
N |
L |
P pocht \;\ _
r ' A rﬂ::--.. - ..y
| o . N S o
AL ..:??g L e T How To .
. Le=ebaper tapces, .'l /1 Measure Angles
== \‘5 o & "‘
4. Fold in the middle so that the pocket
is on the inside,. -
5, Put the title and your name on the your
front cover. Look at the picture. name
old

125
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. HOW TO FIND THE HEIGHT

SN ~ OF A BUILDINGOR A TREE
R (revised July, 1972)
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S cARD T

' Thinking About Measuréments

‘When you are_making scale models.you may'want tq put*iﬁ tregs...{pf
buildings, or other'tall objects which are hard to measure. Or
you may need to know the height of a building or'tree-fpr some
other reason. | T .

© These cards-tell about a way to find the height of a building or a
trée even if you cgn't measure it directly. '
Draw a rough picture of téeaéui1ding or tree you w&nt t0 measure.
Show the groynd on qné side of it. Pick the side that is most
.level and open. |

Look at the picture below. It shows a building and the ground on'

one side of it.'

. | . D e
N,

\ --Ulj

\ER= . | .
\L:J = \ \ . B, w2
house street walk building -

Can you think of any measurements you could make? Make a picture like &

the one on this card and mark the measurements you could make on your
picture. | S
Card 11 tells you how to make a folder to hold your pictures and any

| measurements you make, later. -
B . T ” ) ‘ 0'--; - . MT3_‘I . .‘5'_
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B walk  C building l‘

" —y

Which of the distances measured on the ground would be the same as the

house © street

TEL
LN

2

height of a building? S S Lo

What is the angle between that distance and an imaginary line drawn to*?gg

Lt

w

TR

the top of the building?
MT3~2
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7 Thinking About Ground Distance and Guilding Height

St
N

:t'-;“";“";":ﬂ. L",- 5 _*:‘_L.l

.

A
P g

s

Draw a Tine -across  the bottom_of.a pieceidf'paper'fo;stéﬁd;quéiﬁé

- ground.

-. - At one end of the "ground" line draw another.11ne;gbingfsﬁrﬁjgh;£1
. up to stand for the building. = 4 T T

| bunging

<

ground

they meet. Measure up to show tuilding height and measure across to.

‘ show ground distance. e
' building’
. height
-
—
_ ground distance
If the two distances are the same, then |

building height = ground dfstance '

Go to the next card for more about this.




-S0 an easy way to find the height of a tc11 object is to make an

building This angle is the s1ght1ng angle.

build'ing

sighting he1ght

angle

ground d1stance .
Do you need help making a protractor or measuring the angle? See

the set of “How To" cards on measuring angles if you do.

Nhat did the sighting ang]e on your picture measure?
The sighting angle is always 45° when ‘the bui1d1ng height and the

ground distance are_the same.

imaginary triangle with a sighting anglé of 45°. Then when you

i
measure the ground distance, you also find the height of the object. . %
Now think about the real building or the real treé you want to ° 8"
measure.
What measurements should you make? ) | : f§

MT3-4
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Designing and Constructing Measuring Tools

~ Design a tool to help you measure large distances.. If you need help’ffgiii

see the "How_To“ cards on measuring large distances.

pesign a tool to help you'measufe angles outside so you can make

imaginary triangles., This isﬁohe possible design;

Reao ANGLE
" NERE -

. S
Gon S ) e B
»E ,_4_‘-'0 Ko gt L

S700” /‘ﬂmp Bar
| | Anveee @
fFInDER :

You sight along the top of the arm but read the anglie along the
bottom of the arm. This difference is not important if the build-

ing or tree is tail. /

135 - MT3-5
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‘Making Measurements to Find Heights

~ Now. you can use you{”%obl§ to make sighting angle measurements anddg~}?
= ground distance measurements outside. ‘ |
S .

tall object

sighting angle <

groynd distance
Here is how to make.aﬁ‘imaginary triangle so you can find-the-
height of a building. Take your ang1é finder outside. Keep both
arms of the angle finder together. ' Point the top arm toward the
‘base of t'» building and adjust the clamping ba} so that it points
- directly down to the ground. _ *&S‘ -

\

I=R=RE

m} - | "r.::
= '

Gb right on to the next card.

MT3-6
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- dinstrument is at-a 45° angle from the "ground" arm:’f.:']f“
| by Y
LR . . P .11[]

Finally, measure the level distance to the building from that po1nt

If the sighting angle is 45°, the building height is equal to the

ground distance.

What if'you can't move far.enough away from the building to get a

* 45° sighting angle?

Can you find other angles that%@ould make trianglés that are easy

to work with?

¢

Try mékfng small triangles with sides of different lengths so the

ratio (building height) is an "easy" fraction or whole number. Then
ground distance f 4

MT3-7
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measure the sighting angle on the t_rlim@e. ’

3 S LH

R
s
e
i
v
. F
.

f
ok
v H
=
R
3
R
FE
5
T
Lap
A

¥
y
R4

"PMove toward or away from the building until the s1ght1ng arm of your..ﬁf:

sighting angle w w e ‘ e

a8
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' Einding He;ghts When the Sight1gg_Ang1e !s Not 45°"'

*'. You can use the greund distance measurement to find the height of

the budeing even if the sightinq angle is not 45°

* If the sighting angle 1s 45° the height equals the ground dtstance,;

If you use another aight1ng angle, then the height equals the ground

distance times the ratio ( building height you .found when you made -
| - \jground distance T

sma11 tr1angles with other angles.

Height = ground distance X [building height . ﬁet5*§47
» - 'grouna‘ijstance Lh

found using other angles

| For example, suppose you made a trignéle with the buildind height

twice as long as the ground distance and you found that the sighting ;§§
angle was about 60°. You can-then use a 60° sighting angle outside 'J§§
and multiply the ground distance by 2 to get the building height. = .
If you have trouble with this way for figuring the height, see card }é%
9.for another way. * ‘5

MT3-8 e
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© Using Triangles to Scale to

e ~ °* Figure the Height of Tall Objects ~ . . = - %,
Another way to figure the height of the building is to: f\' 5 s

1. Decide on a siginting angle, use your angle finder ana o *ff'g?ﬁ
measure the ground d1stance. . , Ly

2. Draw the ground line to scale across a piece of paper.
If you need help see. "How To" cards on sca11ng.

l 3. Draw another line up and down at one end of the ground
line .to show the building. .

4, Mark off your sighting ang1e at the other énd of the
ground line.

5.. Make a triangle by drawing the angle line long enough
to touch the building line. /J

s ?%
d u )
sighting /7 . | height 1ine %
angle \ / o ' S
L2 : : .
ground line e
, to scale . 3
€. Measure the length of the height line from the ground I
- Tine up to the sighting angle line. , i
7. Calculate the actual height of the building by using !
your scale. - | i

Can you think of other ways to find the height of the buflding? Is - »

your way easier? Try out your way, if you think it is easier.

MT3-9 e
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'FindingAHeights When the ‘

Ground Diétance is Hard to Méas&?e

ﬁSome buildings may be placed S0 you can not measure ‘the ground d1stance

right up to the foot of the bu11ding.
The ground around the building may not be level or open.

The building may be on a hill or near a stream.

Draw a sketch of the building and the ground oq one side of it.

Piék,the side that is most level and open.

See Card 1.?

Look for measuremehts you -can make and ways to use them to figure the

height of the building.

Ask your teacher for help if you need it.

134
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Making a Folder to H61d Data Sheets, Pictures and Reports . .

. ' s

A . . . . . c -

You will want to keep all yourrdaia,eheets, pictures, and reports

,;;j- | 1in a-safe place.
L . S
You can make a folder like this. . . 3

1. Cut a piece of construction paper so that 1t is

- 6 inches wide and 18 inches$ 10ng. _ ,

2. Cut another piece so that it is 12 inches wide ' s ,

and 18 inches long, * - - e

3. Put the two pieces. together w1th tape. Leok at
‘the picture below.

% & S— g4
Y S = o i
1 |
' ?
] =
" 0|
— Yy —— p
~ 0 ,
' ‘“ | » . - o ’ . i
e P pogke ¢ ’ .
’/ _ | \\ - R
e gae st ‘ ¢ w ,.j
AL : / -::-...:r AL L D et -\—:L- L ) N ;v
- N aD): Y 3 s Jr‘\ .. § ’ .
’ \b---"- papes t'lI \: .a" : ™ '
4. Fold in the middle so that the pocket is [ TTTETY
on the inside, - {“TITLE 17
, 5. Put the title and your name on the front .} ; :
cover. Look at the picture. B
“MT3-1 - . your ;
- ‘name ;
L3y : «
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Different Ways to Measure:

_There are.many different WEys to measure. There are many
different tools to measure with, Always asi yourself, "What

§E§7f + is the best tool to use to measure this?"

Here are some questions for you to think about.

: 1. How can we measure large distances - the width of a streetor
the length of a football field?

2. How can we measure small distances - the width of your
desk, or the height of a door?

3. How can we measure very small d1stances - the thickness °
of a pad of paper?

' 4. How can we measure long per1ods of t1me - the time you
spend in school ?

.5 How can we measure short periods of time - the time it
* takes you to cross the street?

s

A }

. ) This set of cards shows you how to measure large distances. Other

sets show you how to measure other things.

ERIC " ¢ . .. - | oom
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Meésuring Distance Along Lihes e

Let's Took at lines - a short straightl]ine, a long straight'1ine§.';igg

T e

and a curved line.

‘A, The Short Straight Line °

e - ' What kind of measuring tool would you use to measure the \.f}
A width of your desk? What other tools could you use?

B.. The Long Straight Line

What kind 6f tool would you use to measure the length '

° of a football field? What other tools could you use?
C. The Curved Line - - S e I :n:;,i
S ' What kind of tool would you uﬁe to measure the distance . E
' around a circle? : , ‘ . .
: Didgyou suggest using the same taols'for ali three things? : .- i??
Did'you ;uégest using different ones? Would you use a ruler to j?%
measure your desk? Would you use a ruler to mea;uré a foot- " ‘Qﬁ?
ball field? ﬁould you use a ruler to measure a circle? wﬁy fé'
are some tools better for measuring some things and other tools iﬁ
better for measuring other things? . ;é
Some tools used to meaéure distance aldng lines are listed below. fg
! Can you name more? ‘ ' .
, ruler, rope, strihg, yardstick, tape measure, %kundlewheel :
™ See the next card to find out about tr&hdlewheels.

14{)‘ ’ MT2-2
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What could you use the.trundlewheel for?
How du you use a trundlewheel?

Do you think it gives an accurate measurement?

S BRI g

If you are sure you know how to use a trundlewheel, then go right ?
ahead and use it. If you want to know more about it, see the o jﬁ
next card. . . .14y - L T

LI T R P



" How Does a Trundiewheel Work? -

.

The trundlewhee1 is a tool used to measure large d1stances.. You_f

push it along the distance you want to measure.

-------

A trundlewheel
has three main parts: handle

wheel

clicker

Find these parts on your trundlewheel or on the sketch. - "'"'lfwgg

Push your trundlewheel across the room.

oty SR s
&:";:’2‘5%# fr3

Do you hear it click? . - '“‘,Jfl

AR

Why does it click?

% 0

.
MR Y
S

SR e
T
RS

e

What do thé clicks mean?

4! :‘F ""':
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;___M%M?
:here“is A, screw on the wheel of the trund1ewhee1 L

Mhen the wheel, turns, the screw hits a piece of metal on the fﬁ f’

-handle. Look at the picture on card 3. Each time the screw hits_

‘the metal p!ece. 1t makes a click. Each t1me there 1s a c1xck.:q

the wheel has made one comp1ete turn.

The distance ‘around the outside of some trundlewheels is three |
S ... feet. So everytime we hear a click, the trundlewheel has moved -

three feet, or one yard, because three feet equals one yard.

2nd foot

"

3rd foot st foot

-
5
%

i

o .
P
LT S
AAY e BB P

If we flattened the wheel, it would look like a yardstick Look
at- the pictures. :

. .:" -,
P p

Tst fc;ot:'—ﬂl 2nd foot —+ 3rd foot

v
T L

IR 30
i ten LY

]

A trundiewneel does not have to measure exactly three feet. A1l

you need to know is the distance it does measure. How can you find

. 0 : o
E this out? | 1 4 MTz 5
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5 fBefore you start. make sure that the screw on the wheel touches

w

'the metal plece on the handle when the wheel turns. You wantlto.

plete turn.

.‘fff?.' Measure the length or width of a room. '/// '~ ’_,-‘

1. Start your trundlewheel at one side of the room. | T_::-;{;Ff

"*ig; ' - 2. Roll it to the oppos1te sﬁde of the room. Be sure to
| - count the clicks! |

3. Write down the number of clicks. This is the distancé

- in whole yards. If you want a more accurate measufement., -

start your-trﬁndiéwheel with the zero mark on the floor.

Push the trundlewhee across the room and then write down
the mark that is on the floor when vou finish. This is

T the number of inchds left over. Add the number ‘of 1nghes-

¢

~to the number of whole yards.

9

. : . . € .
'If your truridlewheel does not measure 'a yard in each turn you will.

al have to make a correction. Card 7 shows you how to do it.
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‘Using_Lérgér'or Smé11erfodnd]ewheels"

Your trundlewheel -may’ measure mo;e than one yard in one turn._: %
1t may measure less than one yard in one turn_m_ﬂere ts_one,wax.u__Q_m__
to figure out the distance wben you know the number of ‘turns,

Multtply ‘the number of turns by the distance each

turn measures.

’ Exaple: - Your trundlewheel measures 30 inches in each turn. ;nST;
- It turns 10 times going across a room. 7

i dlstance across room = 30 1nches per turn x 10 turns
o a | = 300 1nches

I3

There is another way to figure out the distance when your _'ié
* trundlewheel measures more or less than one yard. If you

want to know more about it, see Card 8. k:

-°.
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“ Another Way To Use Larger or s_ina ler 'rrg'hdietf:h'eels b

"3Nrite down the number of clicks. This is the distance 1n "whoTer

;;*fé—yards“.~-rigure out -how- many -inches -more or” 1ess*than one yard : “j:

your trundlewhee? measures. ~

- Multiply the number of clicks by.that number of 1nches.

If your trundlewheel measures more than a yard, add thjs

.amount to the number of "whole yards". R

I f-your trundlewheel measures less than a yard, subtract

. o .,,mw"di" v

.j?l;. . - this amount from the number of “whole yards"."
B # .
P Examp1e° Your trundlewheel meaaures 2 1nches less than a yard

0 It makes 48 c]icks going across a street. -Because it measures
less than a yard, the trund]ewheel‘tekes more turns to‘get-acress

. tne street. Therefore the distance in number of "whole yards" is

-

too great.

i 0
Vo
3

'distence in “whdie’yards"_= 48 yg}ds o -

Py . . -

&

distance too great =2 inches per turn x 48 turns = 96‘§nches

£

distance across street = 48 yards - 96 ihches -

- . = 48 yards - 2 yards 24 inches &

= 46 yards and 2 feet. 5

Be sure you write down your measurements and keep them, so you 11 -§

" have them when you want to use them. \g
- The.next, card tells you how to make a folder for your data sheets :

.~ and reports., : " o =
| T E e




Making a Folder to Hold Data;sheéts,'DiagrémsféndikgboitSii

!'.Ypu will want to keep a}llyouh data and reports in a safeplété.;?

7 e o e e i e i, 3D T e st e fe e koo o o

You can make a folde“ 11ke th1s.

1. Cut a piece of construction paper so that it
is 6 inches wide and 18 inches long.

2. Cut another piece so that it is 12 inches wide
and 18 inches long.

3. Put the two pieces together with tape. Look at
- the picture below..

- ’ » GLBRMTETTIRED K S Y T ) WS .wru" !’} -ee . rmEL mvr_‘-m-:-a-?!
mﬁ-mﬁ‘ e nem = - ‘-_....- . C e
. o -
sz . v"ll .
) O( L .
. < - aetrm s e .".:- » - sw ) % )
‘ .
. » ) - ) - e -
P pogket , o H
\ E
ro---ov SIS AF e B € NS MEERAD Damape s n‘-;:-l;—‘ Ll rl A .1 ' ’::}(.éé
- S—al. me'® Wa e vum AP Mo W B A EFW e o0 ..l :
socpaper tapc-~, ¢ S g
L YRS \u v ’. . b
’ - ® e uw L4 ,
. . ; ":5.?

4. Fold in the middle so that the pocket is ) ' R
on the inside. ‘ | g
5. Put the title and your name on the front TITLE" ' ?ﬁ
cover. Look at the picture. ] ' ‘_ .-?
your ;
1 f )‘«g ‘ name t-
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"How To" Cards =

HOW TO USE A STOPWATCH
(revised July, 1972)
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_Look at it, try it, and answer the questions.

HOW TO WORK A STOPWATCH

First, let's léarn to work the stopwatch.

1. How many buttons are on your stopwatch?
2. How do you start the watch? | ‘
3. How do you stop the watch?

4. How do you start the watch on zerc again?
5

. You have to wind a stopwatch just 1ike you wind some other
clocks and watches. How do you wind the stopwatch?

Now, let's 1éarn what the stopwatch does.

119 MT1-1
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CARD 2

A STOPWATCH MEASURES TIME

A stopwatch is a measuring tool; it measures something.
“A ruler measures distance. A scale measures weight. What does

a stopwatch measure?
‘ !
Let's talk about time. Look at the drawing of the time line.

' vl | seconce/

o, sec. 60, sec
8 ma- | run.

1. How many seconds are in one minute?

2. How many.seconds are in 1 1/2 minutes?

3. How many seconds are.in 2 minutes?
Do you know that there are 3,600 seconds in 1 hour?

Let's think about seconds.
How long is a second? Not very long at all because you can blink

your eyes open and shut once in about a second.

MT1-2




CARD 3
THE STOPWATCH AND THE TIME LINE
S —

A stopwatch is like a time line rolled into a circle. Let's o

jook at a 60-second stopwatch.

¥4

Now let's stretch it out.

O(b) § /0 15 a0 # 30 3 40 4§ s 65 6o -
‘ i(; 1[;' llLJJJl]).ll;;LIll‘l'l!nlll'JA‘LLII“ILLILIIJ]

Answér the questions. - -
1. The biggest lines are counting by 's. ' e
2. The next biggest Tines are counting by 's. . .
3. How many seconds in all are there ?Q the time line? ';’ '
4. Put your finger on the line for: ;;
a) 10 seconds o 2. '
b) 45 seconds ‘
. \a
¢) 7 seconds
d) 33 seconds ’
MT1-3
151 Q. ;1:
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Answer the questions. y - L
1. The biggest lines are counting by 's.
. 2. The Tittlest Tines are counting by _ 's.

3. How many 'seconds .in all are there on this stopwathh?f

a
[ AR ¥ ‘
Different stopwatches use different time lines. Sometimes they have
) 60 seconds in all and scmetimes they have 30 seconds: in all. You
have to figure out what kind of time~1iné'your stopwatch has.
( . . ¢2 i a j L
Ty o
7 } a
3 ) i t
. N / T MT1-4
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. " CARD'5 o

DRAWING A PICTURE ‘OF YOUR STOPWATCH
S . ' )
Look at the drawings.

~

Does your stopwatch look like

) Draw;vour stopwatch on a piece of paper. Show all the 1jnes,
numﬁérs, and buttons. |

" Draw yéur~watch's time line.
What Are'the lines counting by? ‘

~Some stppwatches.have°twq hands. One hand is a fast hand. The
other hand is a é]ow hand.

How many hards does your stopwatch have?

MT1-5

foras
(S
;wl



Y

. CARD 6

TELLING SECONDS ON A STOPWATCH

Set tﬁe.stopwatch at zero. Start it runnihg.

Look at the fast hand moving around the watch.

Do you think that it measures hours? Why not?

Do you th{nk it measures minutes? Why not?

Can you guess‘what part of time it measures?

How many lines does the fast hand cover in the .time it takes to
blink your eyes?‘ Try it!

Has the hand moved from one line to the next 1ine?

If your answer is yes, your stopwatch shows whole seconds.

Has the hand moved past several lines?

If the answer is yes, your stopwatch shows parts of seconds.

It takes the second hand 1 second to move from one line to

another Tine of the same kind on a stopwatch. Which 1ines on

your watch show 1 second?

Parts of seconds are shown by a different kind of line - Tighter,

\
darker, longer or shorter than the kind of line used for secondsf

[f the fast hand goes all around the watch once, how many seconds

have passed? (Count each second as it passes if you are not sure.)

MT1-6
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: CARD 7

TELLING MINUTES ON A STOPWATCH o .‘ﬁ

If ybqr-watch has two hands, answer the questipns:
1. Do both hands move at the same speed?
2. Which hand moves faster? 4 .
3. UWhen the fast hand goes all around the watch once, how far does
the slow hand move?
4. How many times does the fast hand have to go around the watch to’
make the slow hand move lé Why? .
(How many séconds are in one minute?) | |
5. What does the slow hand measure?
6. How many minutes in all are shown on your stopwatch?
7. How does. your stopwatch show minutes? ,
"a) Uo minutes have a little dial ofhtheir'own on the watch?

b) Do they use the same numbers and lines the seconds do?

MT1-7



Make a‘\gst.of the things you think or know people use st0pwatches for,

USING A STOPWATCH

Why is ii\petter to use a stopwatch to time something instead of an. = ¢

ordinary clock? .

Pick something to ‘time with the stopwatch, Sdme jdeas are listed -

below. Record your data on paper.

a.
b.
c.

d.

i.

J.

. walking up 3 flights of stairs

walkjng all the way around a room

‘ wa]kfng the length of a corridor or hall

walking up 1 flight of stairs
waiking up 2 flights of stairs '

reading one page of a book
reading one paragraph of a book
reading one line of a book
spfnning a penny until it stops

tossing a penny from hand to air to hand

A]ways record your data and keep it so you will have it to look back

at when you need it. The next card tells how to make a folder to hold

your data sheets, diagrams, and reports.

MT1-8



\\. B ~ CARD 9

Making a Folder to Hold Data Sheets,bDiaqrams, anq Repbrts

" You wil

1 want to keep all your data and reports in a safe place.

You can make a folder like this.

1. Cut a piece of construction paper so that 1t is 6
inches wide and 18 inches Tong.
2; Cut another piece so that it 1¢ 12 1nches wide and
. 18 inches long. )
3. Put the two pieces together with tape. Look at the
picture below.
- — /8" %
_ l
" : =l
Iz 5
- 4
N l
) |
e < . pogket ..
_\t | B
\
NL - ..--._" y
' . '

($]

N _.=-paper tape-=,

’
@ - o !

..o.. o ®

Fold in the middle so that the pocket r_g.f-—-"‘""“_3

is on the inside. TTTmmm e s

Put the title and your name on the - TITLE
front cover. Look at the picture.

your
nanmne
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HOW TO FIND THE QUARTILE RANGE -~ .

.
+

. ~ OF A SET OF DATA"
) - '(revised July, 1972) - . “

s

.

Unified Science and Matiematics for EJementary Schools
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" WHAT THE QUARTILE RANGE IS

-

7. The median piece of data is used to describe a set of data. See the

“How To" cards on How togFind the Median 1f you don't understand . .

medians.

Sometimes we also need to know how wide the pieceé of data in a set

spread. You can do this by finding the range of the set. .The

range or spre%d of a set is found by subtracting the smallest piece.‘

. of data in the set from the largest piece in the set..

Often we may just want to find the range of several pieces of data

‘%n the set. .One way'to do this is to find the quartile range.‘

The quartile range covers the half of the data around the median. -
It tells you the range of those pieées of data. It can be found by
first finding. the pieée'of data called'the first quartile and

subtracting it from the piece of data called the. third quartile.

The next card will tell you how to find the first quartile and.

third quartile pieces of data.

SQ4-1
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“WHAT THE FIRST AND THIRD QUARTILES ARE ~—sle iy .
 The median is the middle piece of data in a setJWhen.the pieces are. B
Tisted in order of size . : IR IR

PR et e

. . The first quartile piece is the quarter-way piece of data. You find - s
- the first quartile piece by first 1isting the pieces of data starting .=
with the smallest piece. Then you find the quarter-way piece of data, . "
The third quartile piece is the three quarter-way piece of data. AR

% . Example 1: Some boys counted the number of cars which passed =~ . =
b through an intersection. They .spent 5 minutes each day for 20 - S
days counting cars. This set of 20 pieces ‘of data shows the =~ L
numgeg of cars which passed through the intersection in 5 minutes v
eac ay . %, i

~e

“9,1,2,4,8,%6,7,6,8%,5,9,1,7,5,6,4,8,9, 8

t

The median is the middle piece of data when the data is listed in
order of size., The median in this set of 20 pieces is the 10th
piece or 6 cars. o o ) .

| ~ 10th piece T :
1, 1, 2, 4, f4’ 4, 5, 5, 6, gs 6,7, 7, 8, 8; 8, 8,9, 9,9
- median _

The first_quartile is the qdarter-way piece of data. In this set |,
of 20 pieces of data for the first quartile piece is the 5th piece
- of data. "The firstwqqartiIe or the 5th piece of data is 4 cars.

5th piece 10th piece . :
1,1, 2, a,-g‘_g 4’ 5’ 5’ 6’_5_, 69 7, 7, 8’ 8’89 8, 99 9,9 : 2
first quartile median. .
The third quartile is the three quarter-way piece of data. In this "
set of 20 pieces of data the third quarter piece is the 15th piece .
of data. The third quartile or 15th piece of data is 8 cars. :

5th piece 10th Ppiece 15th \piece ‘
.19 ]! 29 49 9_9 49 5! 5! 6! 5.’ 69 79 7 83 8.9 ‘8, 89 9’ g! 9 . s
first quartile median third quartile .
SQ4-2
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. The first quartile is the quarter-way piece of data. In Example 1

SRR e :..,.,an,_i q.‘,‘;, TIPSR T e R L S B AEEPRITAP S ) T?;,:'W'i_j ':‘2‘,_(
* o - B O - . . ger 1

. FINDING"THE_FIRST AND THIRD QUARTILES

o

--on Card 2 the first quartile is the 5th p1ece of data in the set’
of 20 pleces. The first quart11e p1ece was found by dividing the |
- total number of pieces in the set by 4.

total number of piece in set = 20 pieces = 5th piece = 1st quartile
- 4 4 . piece

The 5th piece of data is the first quartile piece. Then the first Visci

quartile is 4 cars. ». _ : m//

S5th piece 10th p1ece
1,1, 2, 4,4, 4,5,5,6,6,6,7,7,8,8,8,89,9,9

Ist qd%rtile med%an K s /
The third quart1le is the three quarter-way piece of data. Ln
Example 1 on Card 2 the th1rd quartile is the 15th piece of data.
The th1rd quart11e p1ece was found by mu1t1p]y1ng the fxmst quart11e

piece by 3

first quartile piece X 3 = 5th piece X 3 = 15th,piecé = third quartile
piece ‘

¢

' The 15th piece of data is the, th1rd quartile p1ece. Then the third

quart11e is & ﬂars

. . 5th piece 10th piece + 15th .piece
].9 ]3 2’ 49 il 4! 5: 5"’6.’ §_Q 61 7; 7; 8, _8_; 8; 8’ 9’ 9; 9

- Vv o v .
" Ist gquartile ~ median 3rd quartile
151y | 5Q4-3



g Ak, TG LA T R IO CETISNT e e R e
P N S R I N i S R

'MORE_ABOUT FINDING THE FIRST AND THIRD QUARTILES =

Example 2: One class polled 14 other classes in a school to find
out Eow many peop1e in each class wanted to have a school fair.

This set of 14 pieces of data tells how many people in each class
wanted to have the fair:

- : - I
4, 7, 9, 3, 4,17, N, 12, 8, 10, 4, 14, 15, 8
The median is the 7th piece of.data or 8 votes.

7th piece
3. 4, 4, 5,7,8,8, 9,10, 11, 12, 14. 16, 17

mnedai an _ o G
The first quartile piece is: L ; ;Qiﬁ;

total number gf pieces in set 14 pZeces =3-1/4 p1eces =first quartile p1ece

Here the division does not give a whole number. 'We can use the average ii?
“of the 3rd and 4th p1eces of data to find the first quartile. .

4 vote5;j 5 votes = 9 votes = 4-1/2 votes = first quartile
2 ' 2

The thifd'qgarti1e piece is:

first'quartile piece X 3 = 3-1/4 pieces X 3 = 9-3/4 pieces = 3rd quartile

” _ pwece>4
The third quartile piece is not a whole number. We can take the
average of the 9th and 10th pieces of data to find the third quartile.

10 votes + 11 votes = 21 votes = 10-1/2 votes = third quartile o
2 2 - . -
3rd & 4th 7th piece 9th & 10th
2
3, 4, 5,7, 8,8, 9, 10 G{I 12 14 16, 17
’%_J T L—.< b} ]
1st quartile median 3rd quartile
o (41/2 votes) S,O 1/2 votes)

Vﬁl‘
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Sth tece  ioth iece 15th 1ece

1, 1,2, 4,4, 4,5,8,, 6778.8889,9,9.”
first quartile ~" median third qlartile

e The first quartile i5°4 cars. The third quartile is-8 cars.

JThe quartile range descr1bes the half of the data around the median

~ This half of the data includes all the data pieces from the first

quartile to the third quartile. .

5th piece 10th piece 15th piece

1,1,24,4,4,5,5,6,6,6,7,7,88,8,8,9,9, 9
"first quart11e median third qﬁbrt11e

| half the data ' ".
The quartile range tells you how wide is the spread of this half

of the data around the median. You find the quartile. range by sub=

tracting the first quartile from the third quartile.

third gquartile first guartile quartile range
J - * - ¢
8 cars 4 cars 4 cars

~In this exampIe the quartile range 1s 4 cars.  This te]ls you that ..

the spread of half the data around the median is 4 cars wide.

5th piece p1gce 15th piece
1, 1, 2, 4,4, 4, 5, 5 6 6, 7,7, 8,8,8,8,9,9, 9
flrst quart le median th!rd quart11e

half the data

spread = quartile ranne = 4 cars ) 504-5
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MORE ABOUT FINDING THE QDARTILE RANGE

ln Exampie 2 on Card 4 we found the first and th1rd quartiles in ':*T}; ,

what 1s the quartxle range of "this set? The quartile ranqe is’ found

thé set of-class votes, ‘ v _ e
3rd & 4th - 9th + 10th ' o 5
‘ © 7 7th piece - 7 . R "
3‘ 4, 4,- 5’ .7. 8| 8-, ,9’ 10’ 11’ ]2. 14. 155 ]7 ! i
| a median™" v ; i
.. first quartile c third quart11e S ES
(4-]/2 votes) . (10-1/2 votes) £

- by subtract1ng the th1rd quartile from the first quartile. The _ }5?

quart11e range tells you how wide the half of data around, the med1an

spread

th1rd quart11e - first quartile = quartlze range '
- ‘ v

) 10- 1/2 votes - 4-1/2 votes = 6 votes

The uart11e ‘range 1s 6 votes. This means that the spread of the

hatf of data around the med1an is 6 votes. .* _ | ;

3rd & 4th . 7tﬁbpiece QEE_%_JSHEL
© . - . :
3,.4, 4, 5, 7, 8, 8, 9, 10, 11,12, 14, 16
1 median T
. first quartile : third quartile
(4-1/2 votes) (10-Y/2 votes)

haif the data
spread = quartile range = € votes

, . You may want to keep your data in a safé;p1ace. Card 7 tells you

how to make a folder for your data. . .
SQ4-6
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You can make a folder like this: = YR
1. Cut a piece of construction paper so that it is 'ﬁ ' . x?

>

MAKING A FOLDER TO HOLD DATA

6 1ng¥eq wide and 18 inches long.

Cut another piece so that it is 12 1nches
and 18 inches long.

/)ude«\

i*%( Gy o "
Put the two pieces together with tape. Look at i ’."%.3 \ ke
the picture below. RS o
o e e L
A — ——— - - ; '_l o . % ‘\ . l';
- . l ¢ %. - '."_;A.’ e ’ ' h it
% ' 47 J .u ";\ y .
"O' H . A -t';:_.‘.".-':'
. " ., N J'H‘ ) N [ Q_-,
Iz » 4 |
, . q...;l . i BN - " .
s f\ ) l . "g"-'( '\*| : ; ': . -
. 1 .' N & 2o -
6&? pogket’ B | - S R S
’ 1 g1 N ’ - -
' " AEH TR W .
AL. ‘ "“‘r"‘wi lf.’ {; 4 s .ty
\ ,--paper tape-s( ' " .
\ - - N
-~ o . \. co ® 'd -,
Fold in the middle so that the pocket is | 7 Ca.
on the inside. e e, R
: N "'.‘-‘n-'""" o
Your name and a title fcr your falder . [t
shauld be put on the front cover 11ke this. e §
~ TITLE (
) - l
K * ’ |
T ) .
D N B your |
d s pawe |
K ,/ i
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Using Tally Marks

'4

a lot of things to fal]y, it is hglpfu1 to use tally marks.

‘In your experiments .you need'td.c3unt'or ta]ly the number of

" tines you’see something or something habpens._'lf_;heie are

Tally marks, help you to count a lot of pieces of data.

Tally marks look like this:

., One piece of data |

Two piéces’ H

' Three pieces "
Four pieces i
Five pieces - [ S S
Six pieces r~4—td
Seven pieces i
Eight pieces b
Nipe pieces N4
Ten pieces It~

¥
il

it
MU

t

"The fifth tally mark bundles four marks together. This bundle

helps you to sce sets or five. Bundles of five marks also make

it easier to count the total number of marks you have made.

0.

o

. 503-1



Recording Data with Tally Marks

12

. .Your data from an experiment can be recorded in g table like

this: . "
{Name of Pigces) Tally Marks | Total
. [
o T !
{ Y . i
H . " 1
. . .
e L |

Example: Number of different types of cars courited from

~*1:00 p.n. to 1:05 p.m.

Type | Taily Marks | Total

Chevys | M “ 1.7
Fords || ) 2

Ramblers m W 10

Record your data from an experiment in-a chart using tally

marks.
You might want to keep your chart in a safe place. Card 3 tells
you how to make a folder to hold your chart.
See set of cards on"How to Make a Bar Graph Tal]f’to find out
\ “how to tally directly on a graph. ’

16x
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Making a Folder to Hold Charts of Data

b

You can make a folder like this.

1.

Cut a piece of construct1on paper so that 1t

is 6 1nches wide and 18 inches long.

Cut another piece so that it is 12 1nches W1de

. and 18 inches long.

Put the two pieces together with tape. Look at

the picture below.

"-._,a

Fold the middle so that the pocket is on
the inside.

Your naime and a title for your folder

shoulc be put on the front cover like
this.

154
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6"» poqket %J.‘
’ l 1}
4 \
i.%_ . A :
. ”;--paper tape--,»ﬂ )
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wWhat the Ave§age Is.

In your experiments you collect many kinds of information. ' Each

- kind of information can be called a piece of data. When you

group together several pieces of'data about the same thing, you -

_ make a set of .data.

Often you may want to find a way of describing a set of data.
If this set is a group of numbers, you can use the averagé to
describe it. The average is a single number which describes a

set of numbers.

Example: You want to prove that it is hard to cross
the street at a.certain corner. You spend five minutes
each day counting the number of cars that pass the cor-

ner, Your set of data is:

Monday 16 cars
Tuesday 28 cars
Wednesday _ 40 cars
Thursday 32 cars
Friday 19 cars

The average of this set of data is 27 cars. The average
27 describes the set. It means that on each day about

27 cars pass the corner in five minutes.

173
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- CARD 2

Finding the Average

To find the average of a set of data, we add up.the pieces of

data and divide by the number of pieces in the set.
Average = Sum of pieces of data
number of pieces of data

. -y
Example 1: What is the average of the heights of the

children jn my class?

1. John .60 inches
2. Mary \5_\8 inches
3. Eleanor , 6§ inches ‘
4. William | - 61 inches
5. Jane 59 anhes
sum = 300 inches >
The average = iﬂgbgi g%§§?2c:: g%ighta = §Q§§;ﬂ£ﬂ§§_ = 60 ‘inches

The éverage 60 inches q§scribes this set of heights. It
means that_most people in the class are about 60 inches

tall.,

In this example, the average height in the set is the same
ly

as John's 1eight. 1 ;L :
SQ2-2




. CARD 3

<

Finding the Average

In example 1 the average was the same as one of the pieces of

data. However, it does not always turn out that_way.

Example 2: What is the average number of tickets
to the class play sold by each student?

name tickets sold
1. Jane 10
2. John . g
3. Mary 11
4. Roger o 15
5. Bill 10
6. Eleanor : d

\ The average = J0* 9 + ]]6+ 15+10+0 - §§-= 9 1/6 tickets
\

Notice that Eleanor counts even though the number of

tickets she sold was O.

The average number of tickets sold is 9 1/6 tickets. There
isn't any real way to sell 9 1/6 tickets, but the number
9 1/6 still gives you an idea about how many tickets were

sold by each student.

173




Finding the Average of your Own Data

wa you are ready to find the\ggfrgge of your own data. First,
ur

L .
make sure all _the pieces meas

the same thihg (heights,

number of heads, numbers of cars).

1.

&
Count the number of pieces o(.data and write
it down after the "equals" siﬁn,

f N - \

Add up the numbers and write the sum after

the "equals" sign. N
\
\‘.

w
i

Divide the number for S by that for N. The
answer is the average of your data.

Mean=5'.='N

You might want to make sure that your data is kept

in a safe place. The following card tells you how

to make a folder to hold your work.

$Q 2-4




Making a Folder to Hold your Data

§

'You can make a folder 1ike this.

Cut a piece of construction paper so that it
is 6 inches wide and 18 inches long.

Cut another piece so that it is 12 inches wide
and 18 inches 1png. -

Put the two pieces together with tape. Look at

the picture.below,

< 18" = I
- |
L
. 15!
¥ il
Iz o)
_ ot
1\ l
. . ’ 6" ° ' . €
Ik' poc}ket ":;“\ .
JL ) ‘ — L\ ..’,-_-L- "
: .- er tape-~, !
Na o mpe="P2P tap N ! )

...-"- .

Fold in the middle so that the pocket is on !
the inside. . r:fff:f—‘T'Tfjifjl

Your name and a title for’your folder e
should be put on the front cover 1ike R DATA
this. S ' .
your
nanme
I ,.,, i
<t .3




