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o Latoratory Training Erercise The George Washington Unmiversity |
~ TEACHER'S MANUAL Education Research Project |
: Exercise 1 ~ 1966 1
N~
— !
o
o SIMPLE GEARS
¥y
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Tp develop an understanding of the operation oi a simple gear set,
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1/4%<20 Plain Muts

1/4"-20 Wing Muts

‘Gear Moanting Board

1/47.28 Nuts .

Threaded Bushing

3/16"-24 Thumb Screw

g llg"-zl& W

.24
“Wasiuers 1/4 dia.meter hole
; 53 Items 8, 9, 10, 11 will not be needed until Exercise 2.
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Suggestions to the Instructor
1. Follow the procedure in the STDENT'S MANUAL, starting at the Step-
ty=Step Procedure section.,

2, It is very important that the gears tum froaly on the thmb screw
before mounting on the board, The mut should be tight enough to
prevent the gear from being loose, but it should turn freely,

3. Vhen sliding the gear to mesh with another they should mesh securely,
but not so tight that they tind or stop, ' ~

k., Minor adjustments may be made by loosening the thumb screw slightly
to allow the gear to tum more freely.
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5. The following points should be emphasized:
a, When tw gears are in mesh, th. larger gear will turn fewer
times than the smaller.

b, When two gears are in mesh, they turn in opposite directions.

c, When a large gear drives a small gear there is an increase in
speed and a decrease in power.

d. Vhen a small gear drives a larger gear, there is a decrease in
speed and an increase in power,

e, In a gear train of three gears, the gear ratio is detemmined
by the first and last gears in the train.

fo In a gear train of three gears, the first and third gears tum
the same direction.

g With gear trains of four gears, the first and last gears rotate
in opposite directions.

6. Answers to the stated problems in the STUDENT!S MANUAL: |
Sl2 FEWER g
Sl-3 OPFOSITE |
Si-3 POWE
Sl-3
Sk
Sl-4 OPPOSITE

&
o

J

7. Answers to the Questions in the STUDENT'S MANUAL:
1. slower or fower times
2, opposite
3., sams
L, same
5. opposite
6. power
7. 1last
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Laboratory Tialning Exercise The George Washington University

STUDENT!S MANUAL Education Research Project
Ixercise 1 1966

SINPIE GEARS
Purpose

To understand the operation of a simple gear set.

Materials

Item No, Quantity Description

80-Tooth Spur Gear
60-Tooth Spur Gear
40-Tooth Spur Gear
1/4"=20 Thumb Screws
1/4"-20 Plain Nuts
1/4"-20 Wing Nuts
Gear Mounting Board
1/4"-28 Nuts
Threaded Bashing
3[16"-24 Thumb Screw

JiAcst B,

Vashers 1/4 iiametev hole

e
SREB W o~ awm Ew b
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NOTE: Iteams 8, 9, 10, 11 will not be needed until Exercise 2.

Step-by-Step Prosedure

1. Notice the various sizes of gears. Put all six gears on top of one
another and you will see there are tw large gears, one middle size,
and three small. The large gears have 80 teeth apieze, the middle size
has 60 teeth, and the small gears have 40 teeth. These gears will be
referred to by the number of teeth in the rest of the experiment.

2., Mount the one 80-tooth gear on a thumb screw through the center hole
in the gear and screw a plain nut on bshind it. Tighten the nut only
antil the gear will turn freely on th2 ti.umb screw.

ERIC
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NOTE: The procedure on Page Sl-1, Step 2, will be used when
mounting any gear on the board in this exercise.

3. Mount all the gears on separate thumb screws by following the same
Procedure.

Gear treins with two gears

L, Mount one 80-tooth gear on the gear btoard by putting the threaded
part of the thumb screw through the slot in the board and sliding
it all the way to the left end of the slot.

5. Put a wing nmut on the thumb screw and tighten it. The gear should
turn freely.

6. Mount a 40-tooth gear on the board by repeating Steps &
and 5 and sliding the gear up to the 80-tooth gear sc
they wlill mesh or contact each other,

NOTE: When mounting gears, they should be iu coutact with
each other so thy teeth will mesh and the gears will
rotate freely but not interfere with the tuming
action. This procedure will be followed when
mounting any gear.

7. Make a mark with a greass pencil or marking pen acioss the
tw gears where they mesh.

8. Watch the mark on the 40-tooth gear and rotats the 80-tooth
gear one complete turn. Notice the 40-tooth gear turns two
turns for each turm of the 80-tooth gear.

WIEN TWO GEARS ARE IN MESH, THE LARGER
GEAK WLLL TURN __ TIMES THAN
THE SMALLER.

Sl-2




9. Turn the large gear clockwise and observe the direction of rotation
of the small gear.

WIEN TWO GEARS ARE IN MESH, THEY
TORN IN DIRECTIONS.

10. Put your finger lightly on the edge of the small gear and try turning
the large gear. It is rather difficult to tum it.

WIEN A LARGE GEAR DRIVES A SYALL
GEAR, THERE IS AN INCREASE IN SPEED
AND THE IS REDUCZED.

11. Put your finger lightly on the edge of the large gear and try tuming
the small gear. Notice you can turn the gear rather easily.

' WHEN A SYALL GEAR DRIVES A IARGE GEAR,
THERE IS A DECREASE IN SPEED AND THE
f IS INCREASZD.

Gear trzins with three gears

12, Mount the other 80-tooth gear next to the 40-tooth gear.
(Steps 4, 5 and 6.)

PR O S

13. Make a mark at the top of the second 8U-tooth gear and
rotate the first 80-tooth one complete turn. Notice the
second 80-tooth gear makes only one turn.

IN A GEAR TRAIN OF THREE GEARS, THE Z
GEAR RATIO IS DETERMINED BY THE FIRST
AND LAST GEARS IN THE TRAIN.

S1-3
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14. Rotate the first 80-tooth gear clockwise and observe the direction of
rotation of the second 80-tooth gear,

IN A GEAR TRAIN OF THREE GEARS,
THE FIRST AND THTRD GEARS TURN
THE DIRECTTON.

15. Check the power transmitted through the first and third gears as you did
in Steps 10 and 11, Notice that there is no increase in speed and power.

Gear treins with four gears

16. Mount the 40-tooth gear next to the 80-tooth gear as you did
in Step 12.

17. Observe the direction of rotation when the first 80-tooth
gear is turned clockwise. Notice that it rotates in the
opposite or counterclockulse direction.

WITH GEAR TRAINS OF FOUR GEARS, THE FIRST
; AND LAST GEARS ROTAIE IN DIRECTIONS.

18. Make a mark at the top of the first and fourth gears and rotate the
b first gear with 80-teeth one complete tum. Notine the fourth gear
with W-teeth makes two tums, the same as the second 40-tooth gear.

IN ANY GEAR TRAIN WITH SIMPLE GEARS, THE GEAR
RATIO IS DETERMINED BY THE FIRST AND LAST GEARS
ONLY. THE GEARS IN THE MIDDLE DO NOTHING EXCEPT
CHANGE THE DIRECTION OF ROTATION.

Gear trains with five or more gears
19. Mount the rest of the gears to make a gear train 5 or 6 gears long.

20, Make the following observations:
a., every other gear turns the same direction,
b. total gear ratio is determined by first and last gears in train,

21, Remove the gears from the board and rearrange them as you please.

S1-4
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QUESTIONS

When tw gears are in mesh the larger gear will always
tum than the smaller.

When two gears are in mesh they will always turn in
directions.

When three gears are in mesh the end gears tum in the
di.rection,

When five gears are in mesh the end gears will turn the
direction,

When four gears are in mesh the end gears will tum in the
direction. |

When a large gear and a smail gear are in the mesh and the
small gear is the driven gear there will be an increase in

When five gears are in mesh the gear ratio is determined by
the first and gear in the train,

Sl-5
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Laboratory Training Exercise The George Washington University
TEACHER'S MANUAL Zducation Research Project
Exercise 2 1966
[ COMPOUND GEARS
Objective
E To develop an understanding of a compound gear set and how it
| differs from simple gears.
|
Materials
| Item No, Quantity Description
1l 2 80-Tooth Spur Gears
2 1 60-Tooth Spur Gears
3 3 4y~Tooth Spur Gears
L 6 3./4"-20 Thumb Screws
5 6 1/4"<20 Plain Nuts
6 6 1/4"<20 Wing Nut.
7 1l Gear Mounting Board
8 2 1/4"-28 Nuts
9 1 Threaded Bashing
10 1 3/16"-24 Thumb Screw
11 1 3/16"-24 Wing Nut
12 1 3/16"-24 Plain Nut
13 5 Washers 1/4" diameter hole

Suggestions to the Instructor

1. Follow the procedure in the STUDENT!S MANUAL, starting at the Step-
by-Step Procedure section,

2, It may be necessary to obtain a pair of pliers before starting the
exercise. The pliers may be necessary to tighten the nuts on the
threaded bushing vhen making a compound gear.

3. Slight adjustments may be necessary vhen mounting the gears on the
boaid. This can be done by adding washers tebizen the board and
the gears.

4, The gears should all turn freely when mounted on the board and
should mesh with each other.




Se

7.

8.

hhnalioine Sc el
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It is vefy important that the gears turm freely on the thumb gcrew
before mounting on the board. The nut should be tight enough to
prevent the gear from being loose btut it should turm freely.

The following points should be emphasized:

a. The purpose of a compound gear is to effect a large
increase in speed or power :*thout using a very large
gear, '

b, Compound gears act the same in every other respect
(direction change, increase in speed or power, and
gear ratio determmination) as simple gears.

Answers to the stated problems in the STUDENT!3 MANUAL:

s2-2 W
S2-3  EOWER
Answers to the Questions in the STUDENT'S MANUAL:
1. large
2, 8ame
3. tw

TZ«2




La'oratory Training Exerclce The George Washington University
STUDENT! S MANUAL Education Research Project
Exercise 2 1966

COMPOUND GEARS

Purpose
To understand how compound gears operate,

Materals

Item No, Description

80-Tooth Spur Gears
60-Tooth Spur Gear
40-~Tooth Spur Gears
1/4"-20 Thumb Screws
1/4"-20 Plain Nuts
1/4"-20 Wing Nuts
Gear Mounting Board
1/47-28 Muts
Threaded BPushing
3/16"-24 Thumb Screw
3416"-24 Wirg Nut
3/15".24 Flain Nut
Washers 1/4" diameter hole

W M- = H N ONO\N OV go-

13
Step=-by-Step Procedure
1. Put one nut on the threaded bushing.

2. Siide a 40-tooth gear over the bushing.
3. Put one washer over the bushing on top ol the gear.
4, Slide an 80-tooth gear over the bushing,

5, Screw a nut over tte bushing and tighten it. The arrangement should look
like this picture, but with all parts close to each other.

—1+30-tooth gear
40-tooth gea-a_\
Nat ™™ Nut
|
Washe» _J
Threaded Bashing
-1
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6. Mount this unit, called a oompound gear unit because it has tw
gears oomnected together, in tne center of the slot in the gaar
toard using the following procedure:

a., Insert a 3/16® diameter thumb screw through the bushing.
b. The 40-tooth gear should be on top.

¢. Put a mut on fho part of the screw fhat oomes through
the bushing.

d. Put a washer over the screw,
e, Pyt the unit through the slot in the board.
f. Pat on a washer,

@ Ntonad:gmtandughtmthenﬂtbtho‘m.
The gear unit should turn freedly.

A COMPOUND GEAR UNIT HAS GEARS
FASTENED TOGETHER ON THE SAME SHAFT.

7. Mount a 40-tooth.gear to the left of the compound gear using the
procedige followed in Exercise 1, but add three washers above the
gear toard to-raise the gear so it wiil mesh with the 80-tooth gear

on the compound gears.
8. Mount an 80-tooth gear to the right of the compound gear

unit by using tw nuts and three washers to raise the
; gear to mesh with the 40-tooth gear on the compound unit.

9. Make a mark at tho top of the 40-tooth gear on the left
and the 80-tooth gear on the left,

10. FRotate the 40-tooth gear on the right one complete tum.
Observe that the 80-tooth gear wakes one-quarter of a
revolution, making a four to one gear reduction.

2«2




11, Try holding the 80-tooth gear shile rotating the 40-tooth gear.
Notice you czn tumm the 40-tooth gear quite easily.

NOTB: The 40-tooth gear cn the iaft meshes with the 80-
tooth gear in the center meking a two to one
reduction, The 40-tooth gear mounted on the sanme
shaft as the 80-tooth gear meshes with the 80-tooth
gear on the right making another two to one
reduction or 2 total of four to one,

12, Tarn the 80-tooth gear on the right one complete rewolution and
notice the 40<tooth gear on the laft makes four revolutions,

13, Try holding the 40-tooth gear and tuming the 80-tooth gear., HNotice
you can hold it quite .easily., There is an inorease in speed ut s
reduction in power in this type of a gear trein,

A COMPOUND GEAR CAN EHE USSD 70 ACHIEVE
LIARCE INCREASES IN SPEED OR
WITHOUT USING A VERY LARGE GEAR.

14, Try wounting the 60-tooth gear in place of the 4J-tooth gear on the
compound gear unit and repeat Steps 9 through 13, Observe the
results by changing this gear.

R-3




1.

3.

QUESTIONS

A compourd gear unit can make changes
of speed or power without using very large gears.

A compound gear unit acts the as a
simple gear unit when determining direction of
rotation,

A compound gear unit has gears on the

same shaft.

i
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Laboratory Training Zxercise The George Washington University
TEACHER!S MANUAL Tducation Research Project

Exercise 3 1966

SOLVING GEAR PROHLEMS

Objectives

1.
2.

3.

5

overate and how they may be used to solve specific problems.

To develop an appreciation and understanding of how gear trains

Materials

Item No. Quantity Description |

80-Tooth Spur Gears
60-Tooth Spur Gear
L0-Tooth Spur Gears
1/4"=20 Thumb Screws
1/4%-20 Plain Nuts
1/4"-20 Wing Nuts
Gear Mounting Board
1/4"-28 Nuts
Threaded Bushing
3/16"-24 Thumb Screw
3/16"=24 Wing Mat
“%}.6"-2& Nut
shers 1/4" diameter hole
Suggestions to the Instructor

N =N ONONANW N

This is an optional exercise that may be performed as the time permits.

This exercise should not be attempted unless the students have a thorough
understanding of Exercises 1 and 2. 1

Emphasize the method of mounting gears as demonstrated in Exercises 1 and 2.

The solutions to the Problems as shown below may not be the only answers or
methods of solving the problem. Check the student!s work to see that the

problem is solved correctly.

Answers to the Problems:

1.

40-Tocth Gear

D-Tooth Gear
131




2.

80-Tooth Gear

\’JO-Tboth Gear

3.

40-Tooth Gear

40-Tooth Gea»

0-and 80-Tooth Compound Gezv

-Tooth Gear

12
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laboratory Tralnming Exercise The George Washington University

STUDENT'!S MANUAL Education Research Project
Exercise 3 1966

SOLYVING GEAR PROHLEMS
Purpose

To develop gear trains that will do a specific job.

Materials
Iten No. Quantity Description

80-Tooth Spur Gears
60-Tooth Spur Gear
40-Tooth Spur Gears
1/4"<20 Thumb Screws
1/47<20 Plain Muts
1/4"-20 Wing Nuts
Gear Mounting Board
1/4*-28 Nuts
Threaded Bashing
3/16%<24 Thumb Screw

12:-“33 e, -

shers 1 Nugtev- hole
Step-by-Step Procedure

1. In this exercise it will be necessary to use the infommation gained in

Exercises 1 and 2., Compound or simple gears may be used. Gear reduction
or increase will be specified and the direction of rotation.

[
N = e b DO = ONONOND B D

2. First detemine what gears must be used and then mount them on the board
to perfom the reduction.

Probl ems

1. Make a gear unit with a one to one ratio with the end gears tuming
the same direction.

2. Make a gear unit with a tw to one reduction with the gears turning
the opposite direction,

3. Make a gear unit with a one to one ratio with the gears tuming
opposite directions,

4, Make a gear unit with a four to one ratio with the gears tuming
the same directicn.

S3-1
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Laboratory Training Exercise The George Washington University
TEACHER'S MANUAL Education Research Project
Exercise 4 1966
FRICTION
Objective
To demonstrate vwhat friction is and how it works.
r Materials
Itan No, nti Description
E 1 1 Friction Hlock
(This is a 4" x 1 3/4" x 1" woden block.
A hook is in one end and two holes are
in the top.)
2 ) Friction Platform
' (This is the 16" x 2 1/2" x 3/8" btoard
with a plece of half-round molding at
one end.)
3 2 Pegboard Hooks
4 2 Wood Dowels, 1/2" diameter x 2" long
5 3 i-ounce Weights
6 1 4.ounce Weights
7 1 S-ounce Weights
8 2 S Hooks
9 10 Rabber Bands, 1/2" diameter
10 5 Rabber Bands, 2" diameter
11 1 Sandpaper
12 1l 18-inch String
13 1 Paper Clip Hook
14 1 Spring Scale
15 25 Washers, 1/4" diameter hole :

Suggestions to the Instructor

1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step-
by-Step Procedure section.

2. Student comment and discussion is desirable throughout the demonstration.

3. The teacher, in order to encourage discussion, may wish to ask questions
and make comments regarding the relationships that exist between this
laboratory exercise and its application as found in the materials,
tools, and machines the student encounters in his environment,

Tl=1




5.

é.

7.

a. See if anyone can explain friction.

b. Give examples of frict‘on.

¢. Rub your hands together and demonstrate slipping and
generation of heat.

d. What relationship do fingerprints have to friction?

If there is time in the class period, the student may be permitted to
do the optional procedures suggested in Steps 24 through 27 or any
others the teacher and students might think are interesting and
worthwhile,

The following principles have been demonstrated by this exercise:
a. More force is needed to slide objects over a rough surface
than a smooth surface.
b. Rolling friction is less than sliding friction.
¢. More force is needed to move a heavy object than a 1light one.
d. More force is necessary to start an object moving than to
keep it moving.

Answers to the blanks left in the stated principles in the STUDENT'S

MANUAL:

S4-3 MORE
Shly HEAVY
Sty MORE

Answers to Questions in Studsnt!s Exercise:
1. greater
2. less
3. 1less
4, a. Make the surfaces in contact smoother
b. Use wheels or rolling friction
c. Reduce the weight of the object to be moved




laboratory Training ixerclise The Goorge “ashington University

STUDENT'S MANUAL Zducation Research Project
Zxercise 4 1966
FRICTION

Purpose

This exercise will help you understand what friction is and how
it works.
Materials

Item No, Quantity Description

1l 1l Friction Hlock

(This is a 4" x 1 3/4" x 1" wooden block,
A hook is in one end and two holes are
in the top.)

2 1l Friction Platform o .
(This is the 16" x 2 1/2" x 3/8" board
with a plece of half-round molding at

one end.)
3 2 Pegboard Hooks
n 2 Wood Dowels, 1/2" diameter x 2" long
5 3 l-ounce Weights
6 1 h-ounce Welghts
7 L} S-0ur- & Welghts
i 2 S Hoo..s
5 10 Rubber Bands, 1/2" diameter
10 5 Rubber Bands, 2" diameter
f 11 1 Sandpaper
‘ 12 1 18-inch String
f 13 1 Paper Clip Hook
14 1 Spring Scale .
: 15 25 washers, 1/4" diameter hole

Step-by-Step Procedure
Preparing materials and setting up the board

E 1. Insert pegboard hooks in the holes in one side of the platform. The
f half-round molding is on the upper side of the platform.

2. Put the platfom on the pegboard so that it is horizontal and about
in the center of the pegboard.

e e
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Slidinez friction

e

7.

3. Maks a 120p in each end of the 18-inch plece of string.
Do this by doubling one end of the string back about
four inches and tying a simple knot in the doubled end.
Then do the same thing on the other =nd,

4, Gat a rough estimate of the weight of the friction block
by weighing it with the su+ing scale, Write the waight
on the slde of the block., Noticae that the block welgns
a little more than one ounczea.

s 2 e Rl e S
4 R o~

Attach one loop of the string
to the hook of the block and
put an S hook in the other
end.

Piaca the block on the ond
of the platform awmy from
the halferoand molding with
the S hook hanging over the
molding.

_—— . — Ve ot § an momam o o nee e aeden

PG, e St s s et s Y .‘

NOTE: When these instractions call for placing the friction
block on the platform, 21lways place it at the end of
the platform awvay {from the half-~round molding, with

the string and S hook hanging over ths molding. i

dang a le-ounce walzht and add washers on the S hook until the block
movas, This will take about one to five washers plus the weight,

Ramove the papar clips and S hook and insert the hook vi the spring
seale,

9. Pull the block by the spring scale along the platfom
norizontally, observing the raading as you 4o so. This

raading will he very small, if there is ary reading at
all,

Sk-2




10, Ranove everything from the platform.

11, Push the hook of the friction platfom through the sandpaper
and fold it under thie botton of the biock,

12. Place the block, with the string and S hook attached, on the platfomrm.

13, Hang a l-ounce weight on the S hook and add washers until the block
moves, It may be necessary to make a hook from a paper clip to
hold the washers. You will find that it takes from 15 to 25 washers
to move it over the platfom,

14, Remove the weight, washers and S hook and insert the hook
of the spring scals,

15, Pull the block along the platform and observe the reading
on the scale as you do so. This reading will »e vore than
without the sandpaper on the blocke.

THIS SHOWS THAT FORCE IS
NEEDED 70 SLIDE ORJECTS OVER A ROUGH
; SURFACE.

Rolling frictim

16. Remove the spring scale from
the string and the sandpaper
from the platfom.

17. Place the block on the
platform with two dowels
under it, one inch apart,
as in the picture
opposite,

18. Hang washers, onc at a time,
to the S hook to see how
many it takes to move the
block.

! Sk=3




Fr'otion and its rolationship to forcs

19. Remove everything frou the platform.

20. Place the block on the platform but this time put one 4-ounce
welght in the hole in the top of the block.

21, Hang two l-ounce weights from the S hock. You will
probably find that this will not move the block. Hang
washers or another l-ounce welght to the hook unti). the

block moves.

THIS SHOWS THAT IT TAKES MORE FORCE
TO MOVE A WEIGHT THAN A

LIGHT ONE.

22, Remove the weights from the S hcok and insert the hook
end of the spring scale,

23. Pull the block along the platform and observe the reading on the
scale as you do so. This reading will be more than without the
weights. Notice also that the spring scale reads more when
starting the block moving than when keeping it moving.

THIS SHOWS THAT IT TAKES
FORCE TO START AN OBJECT MOVING
THAN IT DOES T0 KEEP IT GOING.

24, See vhat force it takes to move the block when it slides on its
side.

25, See what force it takes to pull a 5-ounce welght along the
platfom.,

26. See vhat force it takes to pull the block with rubber bands
around it lengthwise,

T T
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27. See what force it takes to slide the following things
over the platform:
a, blackboard eraser
b, full box of paper clips
c. glass paperweight
d. pocket comb

e. Kkeys
f. a book
QUESTIONS
1. The rougher the surfacs, the the friction,
2., The smoother the surface, the the friction.
3. The force needed to keep an object moving is than

that required to start it moving.

L, Nane three ways to reduce the force needed to move an object.

a.
b.

C,




Laboratory Training Jixercises The George Washington University

TEACHER'S MANUAL Sducation Research Project
Exercise 5 1966

LEVERS
Objective

To demonstrate how the three ciasses of levers work.

Materials
Item No, Quantity Description

1l 1 Lever Ama

2 4 Weights, l-ounce

3 3 Pegboard Hooks

4 1 Spring Scale

5 10 Bands, Rubber (small)

6 2 Paper Clip Hooks

Suggestions to the Instructor

1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step-by

2.

3.

Step Procedure section.

The teacher and students may find it easier to change the paper clip
hooks and weights when the lever am is removed from the pegboard hook.

To obtain a balance with the lever am does not mean the lever am has
to be leval. An approximate balance is obtained if the lever am is
nearly horizontal,

In Step 37, a piece of string may be used instead of the rubber btand,
if this is more convenient.

The exercise has bezn designed to facilitate class discussion. Incourage

student comment and discussion to check accuracy of observation and
concept development, as well as to stimulate and maintain student
interest in the demonstration.

The teacher, throush questions and comments, should emphasize the relation-
ship of the laboratory exercise being demonstrated and its application in
the tools and machines used everv day. The three classes of levers are
determined by the relationships of the load, the applied force, and the
fulcrum, To be able to identify the three classes of levers easily, it is
necessary that these three relationships be recognized readily by the student
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a. Mrst-class lever:

Load Am Power Am
V a s \/ A\ -\
' 7\ ]
! [\ Fulcrum | \
\ '
woa Force

Zxamples of application of the first-class lever:
stick (prying), wrenches, crowbar, shears, pliers, scissors, |
control levers, steering wheel, door knob.

b. Second-class lever:
Power Am

Force
- A\ ~
‘ Load Am ' 1,
A
e .
i |

| [\ ‘
. nicrum
| ¢ [ |
Load . !
Examples of application of the second-class lever:

nutcracker, bottle opener, wheelbarrow, can opener (lever type).-

¢, Third-class lever:

i Force
: }
Powe; Am I \

- - -Load
Load Am

Examples of applicétion of the third-class lever: |
basetall bats, golf clubs, shovels, mouse traps, and grass shears.,

7. At the end of the demonstration the teacher may wish to ask the students
to 1list as many examples of each type of lever as they can think of,
The pupils could report their findings at the beginning of the next
period devoted to Ixercise 5.
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Suggestions for Additional Tasks

Depending upon the time available and the interest and aptitude of the
students, the following additional steps are suggested as being applicable J
to this exercise:

8. First-class levers
Show that the l-ounce weights balance in all holes equidistant
from the fulerum--that is, L6 and R6, L5 and RS, etc.

9. Other type levers
Experiment with various combinations of weights.

10. Answers to the blanks left in the stated principles in the STUDENT'S
MANUAL: *
S5-2  EQUAL
$5-3 TWICE
s5-3  THEEE
S5-3 SMALIER
S5-5  FULCRUM
S5-5 GREATER ]
S5-7 LOoAD

JU——

11. Answers to questions in STUDENT'S MANUAL:
1., power
i 2, fulcrum
3. fulerum
4, balance J
S. tuice i
6, four times
7. load
8. smaller

90 fome
10, smaller
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Laboratory Training Zxercises The George Washington University

STUDENT!S MANUAL ZAucation Research Project
Zxercise 5 1966

LEVERS
Purpose

This exercise will help you urnderstand how levers work.

Materials

Item No, Quantity Description
1l 1 Lever Am
2 4 Welghts, l-ounce
3 3 Pegboard Hooks
4 1 Spring Scale
g 10 Bands, Rubber (small)

2

Paper Clip Hooks

Step-by-Step Procedures

Working with a first class 1 gver

1. Put one of the 6-inch wire pegboard hooks in the center of the
pegboard stand. Row 6, holes M and N. This wire pegboard hook
will be the fulcrum for the lever.

2. Place a paper clip hook in hole number 7 at each end of the lever am.

3. Hang a l-ounce weight from the hook in hole 7 on the left side of

the lever am.

NOTE: From here on, we will use symbols to refer to holes
above the numbers on the lever arm. L and a number

s will refer to holes left of the O hole, and R and a

: number will refer to holes right of the O hole.

, For example: L7 will refer to the seventh hole to

the left of the center and R5 will refer to the

fifth hole to the right of the center.

4, Hang another l-ounce weight in hole R7.
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S. Put the laver arm with the weights already .
in place on the mounting fixture through
hole O, The numbers or the lever am
should b3 facing you.

6. Observe that the l-ounce weights
balance each other (approximately),
when they are hung the same distarce
from the fulcrum,

THIS TLLUSTRATES THAT WITH
SIMPLE OR FIRST-CLASS LEVERS,
]  WEIGHTS AT BQUAL
DISTANCES FROM THE FULCRUM
BALANCE EACH OTHER. SET~UP FOR FIRST-CLASS LEVER

7. Remove both l-ounce weights and paper clip hooks from the lever amm.

Diagram of a Firsi-Class Lever

Joad Am Power Am
A 1
' 7’ A N
i L .
A L
lcad Force

8. Place two l-ounce weights on one of the paper clip hooks
and hang from hole L2, Hang a l-ounce weight from hole
L R2. Notice that they do not balance each other.

‘ 9. Try to balance two l-ounce weights by hanging the l-ounce
welght from various holes on the right side of the lever
armm. You will find the weights will balance (approximately)
when the 2-ounce weight is in hole R&.
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10, Move the two l-ounce weights to hole L3 and again see where you must
hang the 2-ounce weight to make the lever arm balance. You will find
that it will balance (approximately) when the 2-ounce weight is in
hole L6.

THLS SHOWS THAT WITH A FIRST-CIASS LEVER, A
WEIGHT BALANCED WITH ANOTEER WEIGHT TWICE AS
HEAVY WILL B AS FAR FROM THE FULCRUM.

11, Remove the weights and hooks from the lever arm.

12. Flace three l-ounce welghts on the same hook and hang from
Fcle L2, See wvhere you have to hang the l-ounce weight on
the other side of the lever am to balance it., You will
find that it will have to be placed in hole Fb.

THLS SHOWS THAT WITH A FIRST-CLASS LEVER, A
WEIGHT BALANCED WITH ANOTHER WEIGHT THREE
TIMES AS HEAVY WILL E& TIMES AS
FAR FROM THE FULCRUM.

15, With three l-ounces in hole L2 balanced with one l-ounce in
hole R6 as in the previous step, pull down one end of the
lever am several inches and then release it.

14, After releasing the lever am notice the arc (distance of movement )
made by each weight. Notice that the arc made by the l-ounce of
weight is about three times longer than that made by the three
l-ounce weights, A diagram of this action fellows:

L. ~~

~

~_

THLS SHOWS THAT WITH FIRST-CLASS LEVERS THE
WEIGHT MOVES THROUGH A GREATER
DISTANCE THAN THE LARGER WEIGHT,

15, Remove everything from the pegboard.
S5-3
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Workinz with second-class levers

16, Mount one of the wire pegboard hooks
in the upper right ccrner of the
pegboard, Row 4, ncles T-U,

| Al DR
L s

17. Mount a sacond wire pegboird hook in
Row 14, noles E-F,

aperte
N Bhy A

‘,(\.

18, Hang tne spring scalc on tha first
pegboard hook.

«
.
%"
y

19. Place the nook of the spring scale
through hole R7 of the lever am,

20, Pat the other end of the lever am
on tane left pegboard hook using
hole L7, Ths lever arm should be
approximately level,

21. Read the spring scale and record SET-UP FOR SECOND-CLASS LEV
your reading on the chart below,

22, Hang two l-cunce weights from hole
RS. Record the reading below,

Waight Hole Scale Reading Weight, Hole Scale Reading
0 0 2 oz. 0

2 0z, R6 2 oz, L3

20z, | R3 2 oz, | L6

23, Move the two l-ounce weights from hole RS to hole R3. Kecord the
reading above.

24, Move the two l-ounce weights from hole R3 to hole O. Record the
reading of the scale on the chart.

| S5e4




25,

28,
29,

Continue to move the weight to the left and record your readings
of the scale on the chart.

Diagram of a Second-Class Lever

Power Am
Force
Load Am
/ Sl 1
| }
Falerum ’ \
Ioad.

26. Observe that the reading continues to decrease each
time the weight is moved closer to the fulcrum.

THIS SHOWS THAT IN SECOND-CLASS LEVERS,
THE CLOSER THE LOAD ON THE LEVER MR IS
TC THE , THE SMALLER THE FORCE

REQUIRED TO LIFT IT.

27. Remove the weight but leave the hook in hole L6.
Hang four l-ounce welghts on the hook in hole Lé.

Move the weights and hook to holes L3, 0O, R3, and R6 observing
the arc made by each hole on the arm. Notlce that not only did
the scale reading increase but also the length of the arc
increased as the weights were moved from left to right on the

lever am.

THIS SHOWS THAT AS THE LOAD ARM LENGTHENS,
THE POWER ARM MOVES THE DISTANCE
FOR THE SAME AMOUNT OF LOAD.
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working wita third-slacss levers

20, Remov2 cverything from ine peghoari,.

1. Moant one of tn2 pagLoard LOOKs in

Fow I, holes MeN,

32, Hang the scale from tnic pertoard

200K .

33, Tnsert the hoox of the spring scals

into q0le O 0f tns laver iri.

Y, Mouant v sesond pugboird oo in
Row 12, 4oles ¢=F 0f &tns doard,
with the polnt of tas hookK

pointing downwirid.

35, Place the ead of the second
pegboard hookK taroazn hole L7 of
tns lerer are. Tals is the

Sxleram,
4., Mount 4nz third pegboard hoox in
Row 9, holes E-F, with she puint

of taz fixtdre polnting aowird.

-3

Shratelh a rabser band orszr the

(W
L

amis of the second ana third

oK S,

36, Record the rewding on %he
spring scale on the Shwri on

the next pige.

39, TInsert a neck wn hole K.

S5-5
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40, Hang two l-ounce weights on the hook. Record reading on spring scale.

Yon—

-

Weght | Hole | Scale Reading , Weight | Hole | Scale Reading
e ;
| 2 oz, 0 l 2 oe. R
is i
!!‘ 2 oz. R | ' 2 oz, RS ‘;
Diagram of Third-Class Lever
Fulcrum Force

| ]
>

Powex; Am I \

Load
S

ot
Load Am

41. Move the first pegboard hook and the hook of the spring
scale in successive steps to R2, R4, and R6. Do this
in the manner you feel is easiest for you. Zach time
you move the pegboard hook, it will be placed two holes
to the right of the position it held before. Record

' the readings on the spring scale each time.

THIS SHOWS THAT IN THIRD-CLASS LEVERS,
THE CLOSER THE APPLIED FORCE IS TO THE
, THE SVALLER IT IS.
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7.

9

10,

QUESTIONS

A lever bar has two amms, the load am and the arm.
The point on which the lever bar moves is the .
In a first-class lever, the is located between the load

an® the force.

Wher equal weights are placed on a lever amm at equal distances from
the fulcrun, they each other.

A weight telanced with another twice as heavy will be as

far from the fulcrum.

A weight balanced with another four times as heavy will ba
as far away from the fulcrum,

In a second-class lever, the must be located between the

fulecrum and the force.

The closer the load on the lever am of a second-class lever is to
the fulcrum, the the force needed to 1lift it.

In a third-class lever, the is located between the fulcrum
and load.

The closer the force on the lever am of a third-class lever is to
the load, the the force needed to 1lift it.
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Laboratory Training Zxercises The George Washington University
TEACHER'S MANUAL Zducation Research Pruject
Exercise 6 1966

THE WHEEL AND AXLE

Objective
To demonstrate the mechanical advantage of the wheel and axle.

Materials
Item No. Quantity Description
1 1l Pegboard Hook
2 1l Wheel and Axle Set
3 2 S Hooks
4 4 l-ounce Weights
5 3 3-ounce Weights
6 1 Paper Clip Hook
7 2 18-inch String

Suggestions to the Instructor

1. Follow the procedure in the STUDENT!S MANUAL, starting at the Step-
by-Step Procedure section.

2. Careful measurement of the small wheel will reveal that the exact
relationship is rot quite three to one, however the friction that
is present will give in proper results.

} 3. Z3ncourage student discussion before the demonstration on various

j wheel and axle combinations with which they are already familiar,

E Some examples are the wheel ard axle of an automobile, various

E types of cranks and winches, the wheels and axles of a rotary lawn

| mower, (Do bigger wheels mean it is easier to push bicycles?),

E (Does a smaller sproket on the back wheel mean the bicycle is
easier to pedal or will it go faster?), and any other type of

{ wheel and axle that may be mentioned in the discussion.

l

P

T6-1
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5

7.

The mathematics of the relationship of the wheel and a?cle should

be demonstrated on a tlackboard. ZHuphasize that either diameter or
radius of the wheel and axle can he used 35 long as both measurements
are ¢ither radius or diameter.

T further demonstrate the distance that each wheel travels in
one revolution, roll vhe three different diameters of the vheels
along the edge of a desk or table ard mark the distance eaca
s,ravels in one revolution.

Answers to thie blanks left in the stated principles in the STUDENT'G
MANUAL:

S6-3 THRIE
S6-3 ILCAD

S6-4 DIAMETER
S6-4 DISTANCE

E——

Answers to the questions in the STUDENT?'S MANUAL:

1. three
2. nine
3. tw._ve
L, more
5. less

6. further




Laboratory Training Exercises The George Washington University
STUDENT!S MANUAL gducation Research Project

Exercise 6 1966

THE WEEL AND AXLE

Purpose
This exercise will help you understand how the <wiieel and axle work.
Materials
Item No. Quantity Description
1 1 Pegboard Hook
2 1l Wheel and Axle Set
3 2 S Hooks
L b l-ounce Weights
5 3 3-ounce Weights
6 1 Paper Clip Hook
7 2 13-ineh String

Step-br-Step Procedure
1. Flace the pegboard hook in Fow 7, holes M and N.

2. Place the wheel and axle set over the pegboard hook.

3. Tie a loop in one end of one of the 18-inch strings. Do this by
doubling the string back about two inches and tying a simple knot
in the doubled end.

4. Tie the other end of the 18-inch string around the wooden dowel
center axla,

5, Wrap the 18-inch string around the 1/2-inch axle by turning
the 4 1/2-inch wheel clockwise,

6. Take the other 16-inch string and tie a loop in each end Lty
repeating Step 3.

7. Place one loop of this string over the hook on tha 1l 1/2-
inch blue wheel and lead it out through the opening opposite
the hock.

8. Wrap this string one complete turn around the blue wheel in a

clockwise direction.
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NOTE: The wheel and axle function as a first-class lever.
(Refer to ixercise 5.) The center of the axle
(wooden dowel) is the fulcrum, the distance from
the center of the axle to the outside edge of the
axle is the load am, and the distance from the
center of the blue wheel to the outside edge is the
power am. In this case 3/4 inch divided by 1/4
inch equals 3 or a 3 to 1 mechanical advantage.

THIS SHOWS THAT WITH A WHEEL AND AXLE
SET, WHEN THE WHEEL IS THREE TIMES THE
DIAMETER OF THE AXLE THE POWER INCHEEASE

IS .

13. Fotate the wheel until the l-ounce weight is even with one of the
rows of holes in the pegboard (probably RFow 11).

14. Notice the location of the bottom of the three l-ounce
weights and pull the l-ounce weight down three rows of
holes., The three l-ounce weights will move up about

one row,

THLS SHOWS THAT WLTH A WHEEL AND AXLE
SET, WERE THE WHEEL IS THREE TIMES THE
DIAMETER OF THE AXLE THE FORCE MOVES
THFEE TIMES THE DISTANCE OF THE _____.

f 15. Remove all the weights from both strings and the string
from the blue wheel.

16. FRotate the wheel and axle set so the opening in the rim of
the 4 1/2-inch yellow wheel is on the right hand side.
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17. Attach the loop of the 18-inch string to the hook of the yellow wheel
and lead it out through the opening in the rim opposite the hook.

18. Held the wheel in place and put one l-ounce weight on the string
from the yellow wheel.

19, Put tw 3-ounce weights on the string from the axle and
add l-ounce welghts until the wheel and axle set balances.
It should balance when three l-ounce weights have been
added, (Refer to Note on page S6-3.)

THIS SHOWS THAT WITH A WHEEL AND AXLE
SET, WHEN THE WHEEL IS NINE TIMES THE

OF THE AXLE THE POWER
INCREASE IS NINE.

20, FRotate the wheel until the l-ounce welght is as high as
it will go, about Row 6.

21. Notice the location of the bottom of the nine ouices of welght and
pull the l-ounce weight down nine rows of holes. The nine ounces
of welght will move up about one row.

THIS SHOWS THAT WLTH A WHEEL AND AXLE SET, 5
WERE THE WHEEL IS NINE TIMES THE DIAMETER
OF THE AXLE THE FORCE MOVES NINE TIMES THE

OF THE LOAD. |
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2.

3e

QUESTLONS

If a wheel is three times bigger than the axle, the mechanical
advantage is to one,

If a wheel is nine times bigger than the axle, the mechanical

advantage is to one,

If an automobile tire has a diameter of 24 inches and the axle
is two inches in diameter, the mechanical advantage is

to one,

If larger tires (in diameter) were put on an automobile, it would

require power from the engine to move the car.

If smaller (in diameter) tires were put on an automotile, it
would require power from the engine to move the car.

In Question 4 above, for every turn of the axle the car would move
with each tum of the axle.
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Laboratory Training Exercise

The George Washington University

TEACHER'S MANUAL Education Research Project
ixercise 7 1966

BELTS, PULLEYS, AND FEVEL GEARS

Objectives

To develop an understanding of the principles of belt and pulley

operation.

To understand the operation of bevel gears,

Materials

Item No., Quantity Description
3-Step Pulley

Large Rabber Bands
Bevel Gear Set
2-Step Pulley
Pegboard Hook

O\ £&W N -
e G

Suggestions to the Instructor

Follow the procedure in the STUDENT'S MANUAL, starting at the Step-
by-Step Procedure section.

Be very careful that the pulleys line up properly or the belt will
not stay in place.

Emphasize that in any pulley set-up there is alweys a Driver Pulley
and a Driven Pulley.

Relate the pulley and belt set-up to simple machines such as: a
piston type pump where the pump must turn slower than the motor

(large pulley on the pump), a ventilator fan {(the fan tums slower),
the fan on an automobile (about the same speed), the tuning dial on
a radio (the pointer must move slower), or a beli-driven dentist's
drill (the drill turns faster).

2" Long #10 Machine Screws and Matching Nuts




Sl

5. Emphasize these points:
'a. When the drive is from the large pulley to the small pulley
the result is an increase in speed.
b. When the drive is from the small pulley to the larger pulley
the result is an increace in power.

6. A pegboard hook mounting is used for the two-step pulley to facilitate
easier alignment and placement of the pulley when students may wish to
develop their own set-ups in Step 3l.

7. Answers to the blanks in the stated principles in tho STUDENT'S
MANUAL:

72 TIMES
S~z Sa
S7-2  OPPOSITE
S7-3 SALIER
S7-3 INCREASE

S7=-5  FASIER

8. Answers to Questions in Student's Exercise:

1l, same

2. opposite

3. larger

4, speed

5. power

6. right

7. power




Laboratory Training Exercise The George Washington University
STUDENT!S MANUAL Education Ferearch Project
Exerelse 7 1965

BELTS, PULLEYS, AND EEVEL GEA

“mm

Purpose
To understand the operation of a belt and pulley system and the

operation of beval gears.

Mate s

Item No, Quantd ty, Desc on
1l 2 3=Step Pulley
2 2 2% Long #10 Machine Sorew
3 5 large Rubber Bands
1 1 Beval Gear Set
5 1 2-Step Pulley
6 1 Pegboard Hook .

Step-by-Step Procedurs
Preparing materials and setting up fhe board

1. Mount one machine screw in Pow 13, hols L, with the head in the back
of the board and the nut in front.

2. Mount the othsr machine sorew in Pow 13, hole P, with the head in the
bask of the board and the mat in froat,

3, Slide one 3«-Step Pulley over aach of the serews with the small
palley faeing you.

Working with pulleys
4, Stretoh a rubber btand (beli) over the two small (blus) pulleys.

5, Make a mark with a penoil or greise pencll
on both of the blue pulleys. e e e v e e e e e

6. FRotate the right hand pulley one tum Ce .DT:Q .
and notlce how many times the left DR
hand pulley tarns. e e gt
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NOTE: The pulley you turm is krown as the Driver Pulley
and the other one {s the Driven Palley,
: . “-J'

7. Move the belt (rubber band) to the red pulley on both shafis and
repezt Step 6,

3. Move the belt to the yellow pulleys and rapeat Step 6.

THIS SHOWS THAT WITH PULLEYS OF
EQUAL SIZE THE DRIVEN PULLEY WILL
TURN THE SAME NUMBER OF

AS THE DRIVER PULLEY.

9. Rotate the right hand pulley in a clockuise direstion and notice
the direstion of rotation of the left hand pulley.

THLS SHOWS THAT WHEN PULLEYS ARE
CONNECTED BY A STRAIGHT BELT THEY
BOTH TURN THE DIRECTION,

10. Connect the belt from tas blus pulley
on the right hand side to the nlue pulley
on the left hand side but put a singls
half turn in belt (the halt should laok
like a figurs 8),

11, Rotate ths right hand pulley
in a clockwise direction. Notice
the direction of rotation of the left hand pulley.

THIS SHOWS THAT WHEN PULLEYS ARE
CONNECTSD EY A CROSSED HELT THEY
TURN IN DIRECTIONS.

12, Connect the blus pullay on the right to the red pilley on the loft
with the belt straight across,
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NOTE: Wwhen connecting pulleys of different size it will be
necessary to slide the pulley in or out on the shaft
to line it up with the other pulley.

13. Rotate the blue pulley until the mark made in Step 5 is on top.
14, Make a mark on the top of the red pulley.

15. Rotate the right hand blue pulley one turn and notice the red pulley
has turned about 2/3 of a turn.

16, Repert Steps 13-14-15, but with the belt connected from
the right hand blue pulley to ..e left hand yellow pulley.

17. Observe the large yellow pulley turns a little less than
1/2 turn for each zomplete turn of the blue pulley.

THIS SHOWS THAT WHEN PULLEYS OF UNEQUAL
DIAMETER ARE CONNECTED THE LARGER PULILEY
TURNS FEWER TIME. THAN THE PULIEY.

18. Turn the left hand pulley (the belt should still be
connected from the large left hand pulley to the small right
hand pulley) one complete turn. Notice the small right hand
blue pulley turns much faster than the left nand yellow pulley.

THIS SHOWS THAT WHEN THE DRIVE IS FROM A LARGE
PULLEY TO A MALLnR PULLEY, THE RSSULT IS AN
IN SPEED (REVOLUTIONS PER MINUTE)
AND A DECHEASE IN POWER.

19. Repeat Step 18 tut turn the right hand pulley one turn. Nctice the
large left hand yellow pulley turns fewer times.

THIS SHOWS THAT WHEN THE DRIVE IS FROM A SMALL 4
PULLEY TO A LARGER PULLEY, THE RESULT IS A j
IN SPEEC (R.P.M.) AJD POWER IS INCREASED.,

S7-3
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Working with compound gﬁ.lgs

20,

23,
2k,

fake the 2-Step Pulley and mount it with the pegboard nook in Fow 9,
holes P and Q.

Connect a belt from the blue pulley
on the shaft in Row P to the large
yellow pulley on the wheel and axel
set,

Notice the results when the large
pulley is rotated one tum and
when the small palley is rotated
one tum,

Remove tne balt,

Connect a balt from the blue pulley on the shaft in Fow L to the
yellow pulley on shaft P,

25. Conneoct an>ther belt the same way as Step 21,
26, Tumm the left hand blue pulley and notice how slowly the
large yellow pilley tums.

27, Turn the large yallow pulley and rotice now fast the saall
blue pulley on the left hand side tums,

THIS SHOWS THAT A COMFOUND EELT AND

PULLEY SET-UP CAN EE MADE USING THREE

PULLEYS THAT WILL RESULT IN A LARCE
IN SPEED OR POWER,

Working with bevel gears

28,

Take the bevel gear unit an” notice the fom of the testh. This type
of gear is used to transmit power at right angles,

Make a mark with 2 pencil or grease pencil on both gears.

Fotate the small gear one complete tum. Motice that the large gear
tums about one-quarter oI a tum.
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1.

2,

3.

Te

THIS SHOWS THAT WHEN POWER IS APPLIED
TO THE SMALL GEAR THE LARGE GEAR WILL
TURN .

31. Fotate the large gear one complete revolution and notice
the small gear turns around about four times.,

THIS SHOWS THAT WEEN POWER IS APPLIED
TO THE LARGE GEAR THE SMALL GEAR WILL
TURN .

32, If time pemits, any combination of pulleys may be
worked out using the three pulleys.

QUESTIONS
Pulleys connected by a straight belt turn the direction,
Pulleys connected by a crossed belt turn directions,

If a large pulley and a small pulley are connected, the
pulley will alsays turn fewer times.

A belt and pulley system driving from a large pulley to a small
pulley will give an increase in .

A belt and pulley system driving from a small pulley to a large
pulley will eive an increase in .

Bevel gears are used to transmit power at angles.

A compound belt and pulley set-up with three pulleys will give a

large increase in either speed or .

57-5
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Laboratory Training &xercise The George Washington University
TEACHER!S IANUAL Education Research Project
Zxercise 8 1966

THE INCLINED PLANE

Objective
To demonstrate what an inclined plane is and how it works.

Materials
Item No, Quanti Description

1l 1l Friction Rock

2 1l Friction Platfom

3 2 1l-ounce Weights

[ 1 b4-ounce Weight

5 2 S Hooks

6 1 18-inch String |
7 2 Friction Platfom Hooks 1
8 1 Spring Scale
9 1 Paper Clip Hook i
10 1 Toy Car 3
11 1 Single Pulley |
12 25 Washers, 1/4" diameter hole
13 1l Pegboard Hook

Suggestions to the Instructor

1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step-
by-Step Frocedure section.

2. The procedura has been designed to allow and facilitate discussion ;
at each stage from the beginning.

3. Student coment and discussion is desirable throughc t the demonstration.

4, @Incourage discussion by asking questions and making corments about
what is being demonstrated and how it relates to tools and machines

ore s.as in the environment.

a, Have the students name examples of the inclined plane they have
seen, such as earth ramp to an excavation for a new building,
ramp for wheel chair in hospitals, boards used for moving
objects in and out of trucks oi ildings, stc.

T8-1




5.

7s

9.

b. Bring out the relationship that exists betwsen what was done
in the exercise on friction and this exercise on the
inclined plane,

If there is time in the class period, the student may be permitted
to do optional expsrimentation suggested in Step 31 or others the
teacher and students might think are interesting and worthwhile.

The following principles have been demonstrated in this exercise:
a., Little force is required to move an object horizontally when
wheels ars used,
b. An object may be moved more easily over a level surface
than up an inclined plane.
c. The greater the slope the harder it is to move an object
up an inclined plane.

The procedure, Steps 10-12-16-18-22-24-27 and 29, suggests making a
record of the observations of welghts and scale readings. A sample
Record of Observations form is included in the STUDENT'!S MANUAL.
The teacher and students may wish to devise their own form.

Answers to blanks in the stated principles in the STUDENT'S MANUAL:

S8-3  WHEELS
S8-4 LESS
S8-5 MORE

S8-5 GREATER

Answers to Questions in Student's Exercise:
1, inclined plane
2. little
3. 1inclined plane
L, - greater
S. 1less




Laboratory Training &xercise The George Washington University

STUDENT'S MANUAL Education Research Project
Exercise 8 1966

THE INCLINED PLANE

Purpose
This exercise will help you understand how the inclined plane works.

Materials

Description

Friction Hlock
Friction Platfom
l-ounce Weights
Lh-ounce Weight

S Hooks

18-inch String
Friction Platform Hooks
Spring Scale

Paper Ciip Hook

Toy Car

Single Pulley

Vashers, 1/4" diameter hole
Pegboard Hook

&
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Step-by-Step Procedure
Preparine materials and setting up the board

1. TInsert pegboard hooks in the holes in one side of the rlatform. The
half-round molding is on the upper side of the platform.

2. Put the friction platform on the pegboard so that it is horizontal
and 2bout in the center of the eleventh row of holes from the top.
The hooks should be in Fow 9, holes G-T.

3. Place the pegboard hook in Fow 9, holes Z-F,
4., Slide the pulley over the long pegboard hook.

5, Make a loop in each end of the 18-inch piece of string. Do this by
doubling one end of the string back about four inches and tring a simple
knot in the doubled end. Then do the same thing on the other end.

ERIC

Full Tt Provided by ERIC.
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Moving objects along a horizontal plane

Get a rough estimete of the weight of the friction block by
eighing it with the spring scale. Write the weight on the side
of the block, Notice thnat the block weighs a little more than

one ocunce,

7.

10.

Place one Y-ounce weight in
the two holes of the friction
biock,

Attach one loop of the string
in the hook of the bleck and
put an § hook in the other
end.

Place the block and weights on
the end of the platform away
from +he half-round molding with
the S hook hanging over the pulley.

Hang two l-ounce weights and add washers cu a paper clip hook to <he
S hook until the blcck moves. Make & note on Page S8-5 of how much
weight it takes to keep the block moving. Each time weight is added,
push the block gently from behind to see whether or not you have
encugh weight to keep it moving after it has been started.

11. Remove the S hoock and weights and insert the hook of the
spring scale,
12, DPull the block with the spring scele, so that the string is

sver the pulley, along the platforn horizontally, observing
the resding as you do so. Meke & note of the scale reading

on Page S6-5.

13. Remove everything from the pletform and take th= scale from
the string.
14. Remove the L4-ounce weight from the block and place 1t on

the seat of the tcy car.

33-2




NOTE: The welzhts will stay in placs better if Scotch tape
is used.

15. Attach a string with an S hook to the front of the car and lead 1%
over the pullay., Attach an S hook to the loop hanging over the pulley.

16, Hang washers on the S hook until the car moves, Make a note on Page
S8-5 of how many washers it took to keep the car moving.

THIS SHOWS THAT IT TAXES VERY LITILE
FORCE T0 MOVE AN OBJECT HORTZONTALLY
WHEN ARE USED,

17. Remove the S hook and washers and insert the hook of the
spring scale.

18, Pull the car along the platform horlzontally, observing the
reading as you do so., Make 3 note of this reading on Page
58-5.

19. Remove everything from the platform and take the secals
from the string.

20, Leave th2 platform hook on the
end near the pulley where it
18, Lower the other platfom
’ hook down two holes to Row 1l.
(This is approximately a
10-~degree anglc,)

21, Place the car with one 4-ounce
welght on the seat of the car
i on ths platiom,




NOTE: The end of the string away from the car will have to be held
with one hand until weight s placed on the S hook, otherwise
the welght will cause the car to roll off the platform.

22, Hang & l-ounce welght and 2dd washers on the 5 hook until the
car moves. Make 2 note on Page S8-5 of how much welight 1t

takes to kesp the car moving.

THE CAR WEIGHS MORE THAN FOUR OUNCES
AND IS MOVED UP THE INCLINED PLANE
BI A MUCH FORCE,

dad, et as ke AT et A S s 2 s+ o Aadacadtd e

23. Remove the S hook and weights and insert the hook of the
spring scale,

24, Pull the car up the platform, observing the reading as you
do so. Make a note of this reading on Page 358-5.

25, Ramove everything from the platform and take the scale ]
from the string.

Moving an object along an inclined plane of greater slant

26, Leave the platform hook on the
end naar the pulley where it
is. Move the other platfom
hook down three holes and one
hole towrd the center, Row 1,
nhole S. (This is approximately
a 25~degree angla.)

27. Hang welghts and washers on a
paper olip hook on the S hook
until the car moves. Try two
l-ounce waights firet. Make a
note on the chart of how much
waight it tcok to keep the car moving.

S84




_____ FEADINGS
POSITION OF PLATFORM| OBSECT AND ADDRD VE%__.@_IQHTSEMQMS__
Horizontal Block plus 4 ounces
Horizontal Car plus 4 ounces
Slight Slope Car plus 4 ounces
Steep Slope Car___plus 4 ounces J‘ 5 B

THLS SHOWS THAT WHEN THE INCLINED
PLANE IS STEEPER, IT TAKES
EFFORT TO MOVE A WEIGHT UP IT.

28, Remove the S hook and weights and insert the hock of the spring scale.

29. Pull the car up the platform, observing the reading as you do so.
Make a note of this on the chart.

30. Remove everything from the platformm and take the scale from the string.

THIS SEOWS THAT THE THE
SLOPE THE HARDER IT IS TO MOVS AN
OBJECT UP AN INCLINED PIANE.

Additional experiences

31, If there is time, you might like to work with objects other than the
smooth block and the car., Using the slopes suggzested in Steps 2«20 and
26, the fcllewirg objects, or ones you think suitable, may be used':

a, ulackbkoard eraser
b. pencil case

c. bracelet

d. box of crayons

e. paperwvelghts

NOTE: You may either fasten these objects to the block
or place thaem on the platfom without the block.
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QUESTIONS

A plank, road, or ramp that slants from the ground
or floor to a higner level is known as an

It takes very force to move an
object horizontally when wheels are used.

It is easier to move an object horizontally along
the ground or floor than up an

then an object is moved up an inclined plane, the
greater the slant of the plane, the
the force needed.

When the slant is reduced, it takes

force to move an object up an inclined plane,




Laboratory Training cxercise The George Washington University

TEACHER'S MANUAL Education Research Project
Zxercise 9 1966
TE PULLEY
Objective
To demonstrate how pulleys work.
Materials
Item No, Quantity Description
1 2 Pulleys, single
2 2 Pulleys, double
J 2 Pegboard Hooks
4 6 l-ounce Weights
5 1 18-inch String
6 1 36-inch String
7 4 S Hooks
8 1 Spring Scale

Suggestions to the Instructor

1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step-by-
Step Procedure section.

2. Call attention of the class to the fact that sometimes pulleys are
called blocks, and the ropes are called tackle.

3. “ncourage student participation by having them come up in groups
to the demonstration table, by asking questions, by making comments
and discussing aspects of the exercise.

L4, The teacher may refer, through questions and comments, to the
rolationship of the exercise and its applicatior to tools and machines
in the enviromment.

a. 3Zxamples of the use of single fixed pulleys:
pulley in the flag pole, pulley in window sash, and well pulley.
b. Zxamples of the use of single movable pulleys:
pulley for loading cargo on ships, and pulley for raising and
lowering heavy welghts into an excavation.
c. BExamples of pulley combinations:
multiple wheeled blocks used on ships, in cranes, and in
hoisting and lowering lifeboats.
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5

7.

Point out to the students that by using various combinations of fixed
and movable pulleys a mechanical advaniage is achieved. The
mechanical advantage of any system of pulleys is equal to the
number of strings or rope strands used to support the pulley(s)
bearing the load. Vhen two strands are used to support the load,
the mechanical advantage is two. When three strings are used, the
mechanical advantage is three, and so on. Also point out that as
much energy is expended in one pulley system as another; however,
the work 1o made easier. For example, the force required to move a
load supported by four strands, although one-fourth the load, must
travel four times the distance in moving the load.

If there is time in the class period, the students may be permitted
to do the additional procedur:s suggested in Steps 59 through 63.

The following principles have been demonstreted by this exercise:

a, With the single fixed pulley, the force and the load balance
vhen equal.,

b. Also with the single fixed pulley, the force moves the same
distance as the load. |

c. With the single movable pulley, the amount of force required to
balance the doad is approximately one-half the load.

d. Also with the single movable pulley, the force moves twice as
far as the load.

e. With pulley combinations, wnen three strings are used to support
the load, the amount of force required to btalance the load is
one-third the load.

f. Also with pulley combinations, when three strings are used to
support the load, the force moves three times as far as 'he load.

g. With pulley combinations, when four strings are used to support
the load, the amount of force required to balance the load is
one-fourth the load.

h. Also with pulley combinations, when four strings are used to
support the load, the force moves four times as far as the load.




8. dAnswers to the blanks left in the stated principles in the STUDENT!S

MANUAL:
59-2  EQUAL
59-2  LOAD
$9-3  ONE-HALF
59-3  TWICE
59-4  THREE
S9-4  FORCE

S9-5 ONE-FOURTH
S9-6 OME-FIFTH (63a)
FIVE (63b)

9. Answerz to the Questions on Page 59-7 of the STUDENT'!'S MANUAL:
l. Single fixed pulley
a. equal or the same
b, the same or equal
2., Sir-le movable pulley
a. one-half

| b. twice or two times
i 3. Pulley combin -ions

| a. one-third

| b. one-fourth

| ¢. three times

| 4, four times
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3. Kepeat Step 7 using three l~ounce weights on eacn S hook. Observe that
equal weiga%s balance each other.

THLS SHOWS THAT WLTH THe SINGLE FIXED PULLEY,
Tz FORCz AND THE LOAD BALANCE WHEN THEY ARE .

9, Slide the S hook supporting the pullsy and welghts back
until it is about one inch from ths peghoard. i

10, Push ona of tne weights up as close to the pulley wheel as it
will go. Note the nambsr of the row at the bottom of the
welght,

11, Pull the higheor warght down as far as it will go, Notice
the row numper at the bottom of the welght. Compare the
distance each welght moves, Notice they move the same
distance,

THIS SHOWS THAT WITH THE SINGLE FIXED PULLEY,
THE FORCE MOVES THE SAMEZ DISTANCE AS THE .

working with a single movable pulley (See Figurs 2)

12, Remove all materials from the pegboard.

13, Put one pegboard hooi in Row 9, holes N0,
14, Put another pegboard hook in Row 3, holes K-L.

15. Hang the spring scale on the hook in Row 3.

r
X
»

16. Hang an S hook from the pegboard hook,

17, Insert an S hook in the hole of tne single
pulley.

18. Using the 18-inch string with the two loops '-
in it (Step 4), place one of the loops on
tha S hook of the right pegboard hook.

19. Hang the other loop of the string over the
hook of the suring scale,

' 20, Hang the pulley over the string with the

S hook hanging down.

S9=2




21, Notice the reading on the spring scale (about 1/2-ounce).

22, Hang a l-ounce weight on the S hook of the pulley. Notice the weight
on tha spring scale (about l-ounce).

23. Hang two or three additional l-ounce weights on the S hook, one at a
time, and notice that the welsnt go.n on the spring scale is only
1/2-ounce for each ounce added.

THIS SHOWS THAT WITH A SINGLE MOVABLE PULLEY,
TER AMOUNT OF FORCE REQUIRED TO BALANCE THE
LOAD IS THE LOAD.

24, Slide the spring scale and the S hook back until they are
about one inch from the pegboard.

25, Notice the row of holes near the top of the movable pulley
and the row of holes near the bottom of the hook of the
spring scale.

26. Push the pulley down one row of holes and notice that the hook
of the spring scale moves down about two rows of holes.

THIS SHOWS THAT WITH THE SINGLE MOVAHLE PULLEY,
THE FORCE MOVES AS FAR AS THE LOAD,

Working with pulley combinations with three supporting strings
27. Remove all fixtures from the pegboard.

28. Place one pegboard hook in Fow 1, holes O avd P.

29. Place another pegboard hook in Row 1, holes K and L.

30. Hang the spring scale over the pegboard hook on the left,

31. Hang a double pulley from the right pegboard hook. (The larger hole
in the pulley will fit over the pegboard hook.)

32. Tie a loop in each end of the 36-inch string the same way as was
done with the 18-inch string.
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Pulley combinations with four strirgs (See Sigurs 4)

Ls,

52,4

53.

55.

Remove all fixtures from the pegboard hook.

Using an S hook, hang one of the double puileys f:ma
the pegboard nook.

Using another S hook, place four l-ouance weights
on the other double pulley.

Place zn S hook in the hole at the lower end of tha

palley hanging from the pegboardi hook.

Flace the loop of one of the ends of the 36-inch
string over the S hook of the pulley hanging from
the paghboard hook.

Lead the other end of the string on the right side
of the other double 7illey and under the top wheeal
above the welghts,

Run the string up to the other douable pulley so that
it runs from left to right on the lower wheal., The
string now hangs on the right side, FISURE 4

Run the string under the wheel of the other double
pulley whizh is directly above the welghts,

Pull the string out on the 1left side, Run it up to and over the top
of the uprer whesl of the double pulley hanging from the pegboard hook.

Pull the string out on the right side. Insert an S hook in the 1lo0p
of the string.

Hang a leounce weight from the S hook. Notica that the l-ounce welght
balances the four l-ounce weights. Observe also that there are four
strings supporting the movable doable pulley.

THLS SHOWS THAT WITH PULLEY COMBINATIONS, WHEN
FOJR STRINGS ARE USED TO SUPPORT THE LOAD, THE
AMOUNT OF FORCE REQUIRED TO BALANCZ THE LOAD
IS THE LOAD,

39«5




56« Slide the S hooi supporting the pilleys and weights back antil it is
about one inch from the psgboard,

57. Push the l-ounce weight ap as close to the pulicy whesl as possible,
Notice the row of holes at the bottom of both of tha welghts,

58. Pull the l-ounce weight down to Row 5. Cneek the distance the four
l-ounce weizhts have movad, Notice the Z-ounce weight moves foup
times as far as the two 4-ounce weights,

THIS SHOWS THAT WITH PJLLEY COMEINATIONS, WHIN
FOUR STRINGS ARE USZED TO SUPPOR? THE LOAD, TH&
FORCE MCVES FOUR TIMES AS FAR AS wHE LOAD.

Additional experiences (See Fizure 5)

59. Remove all the fixtures from the
Pegboard excspt the pegboz nd hook,

60. If you have time, you may set up
your equipment as shown in Figurs 5.

6L. Repeat Steps 37-38-39,

62. Measure the distance the weights move
as you did in Steps 40 through 44,

63. How would you complete the following
statament after doing Steps 60-61-627 i'.
do With pulley combinations, when
five strings are used to support
the load, the force required to balance FIGURE 5
the load is _____ the load,

be With pulley combinations, when
five strings are usad to support,
the load, the force travals
times as far as the load,




Single rixod pulley:

a,
b.

Single movaile pulley:

2.

b.

Pulley combinations:

e

C.

QuESTIONS

When balanced, the force and the load are .
The force moves
distance as the load.

The amount of force required tc move the load is
the load.

The force moves as far as the load.

When three strings are used to support the load, the
amount of force required to balance the load is

tha load.

When four strings are used to support the load, the
amoant of force required to balance the load is
the load.

When three strings are used to support the load, the

force moves as far as
the load.

When four strings ara used to support the load, the
force moves as far as
the load.

59-7




Latoratory Training Exercise The George Washingtou University
TEACHL 'S MANUAL Education Research Project '
Exercise 10 1966

DETERMINING WEIGHTS

Objective
To develop an understanding and appreciation of the principles of a
balance %;pe of scale,

Materials
Item No, Quantity Deseription Source
1 1 Lever Am Lever Kit
2 2 Paper Clip Hooks Lever Kit
3 1l l-ounce Weight Inclined Plane
4 30 Washers, 1/4" diameter hole Inclined Plane
5 1 Friction Huock Inclined Plane
6 1 Toy Car Inclined Plane
7 1 Spring Scale Inclined Plane
8 1 Pegboard Hook Inclined Plans

Suggestions to the Tsacher

1. This is an optional exercise thet may be performed if the students
show an interest and the time is available,

2. Follow the procedure in the STUDENT'S MANUAL starting at the Step-by-
Step Procedure section.

3. The procedure has been designed to allow for student comment and
facilitate the teacher's discussion.

4. The balance scsle is the type very frequently seen in candy stores,
doctor's offices, and drug stores. ZIncourage students to relat»
experiences they have had with this type of scale.

ST ERR S TR T T TR T R TR T TR ST

5, The chart used in Steps 9-12-16-21-25 on Page S10-4 will probably require
an additional explanation. Dsmonstrate how fractions are reduced when
the number of washers is multiplied by the distance factor. Emphasize
the fact that washers and weights cannot be multiplied together.

T10-1




7.

9.

Relate the mathematics of the Lelance scale to the Exercise 5 on
Levers.

The following principles have been demonstrated in this exercise:
a. The length of the load am and the force am affect
the accuracy of the scale,
b. Objects heavier than the welghts available can be
welghed by changing the length ol the amms,

Answers to the blanks in the stated principles in the STUDENT'S
MANUAL:
S10-2  1/24 QUNCE (This 411 depend on student's exact findings.)
S10-2 MORE
S10-3  ONE-HALF
S10-3 ONE-TAIRD

Answers to Questions in Student!s Exercise:
l., more
2. closer

T10-2




latvratory Training Exercise The George Washington University
STUDENT!S MANUAL Zducation Research Project
Exercise 10 1366

DETERMINING WEIGHTS

Purpose
To understand the operation of a simple balance type scale.

Materialsg
Item No, Quantity Description Sourcs
1l 1l Lever Am Lever Kit
2 2 Paper Clip Hooks Lever Kit
3 1 l-ounce Weight Inclined Plane
M 20 washers, 1/4"" diameter hole Inclined Plane
5 1 F~tion Block Inclined Plane
6 1 Toy Car Inclined Plane
7 1 Spring Scale Inclined Plane
3 1l Pegboard Hook Inclined Plane

Step-~by-Step Procedure
Setting up the board

1. Put the 6-inch wire pegboard hook in two of the holes in the middle
of Row 8.

2., Using the O hole, hang the lever am on the pegboard mounting hook.
The lever am balances if it is approrimately level.

3. Hang the two paper clip hooks from hole 7 in each end of the lever
am. Is the arm now evel, or does one end dip more than the other?

4, Zxchange the two hooks. Does it balance better than before?

‘ 5. Leave the hooks in whichever hole gives the best balance.

Welghing objects of about l-ounce

6. Remove the paper clip hook from oue end of the lever arm and hang 25
] wshers over the hook.

7. Hang the paper clip hook with the 25 washers on it in hole 7 and
hang 2 l-ounce weight on the opposite hole 7.

S10-1
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9.

10,

15.

dadatbinin diide g e s Sl it es -y
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18.

Add washers or remove them until the arm is approximalely level.

Remove both the weight and the washers and count the washers
(approximately 22-26), Eecord this on uie chart on Page S10-4.

IS SIOWS THAT EACH WASHER WEIGHS
ABOUT OF AN OUNCE.

Hang the friction block on one end of the lever am zand hang a l-ounce
weight on the other.

Add washers on the side with the weight until the lever am balances.

12. Remove the weights and f£riction block and count the washers.
Record on the chart the welght of ths tloek,

13. Put the friction block and the weights in hole 1 on elther
side of the pegboard hook.

14. Add washers one at a time to the weight side. Notice that
you can add five or six more washers before the balance

changes,

Remove the washers added in Step 1% and remove more washers one at a
time. Notice you can remove about three or four more before the

balance changes.

THIS SHOWS THAT THE LONGER THE BALANCE
ARM OF A SCALE THE ACCURATE
IT EECOMES.

Weigh the toy car by hanging it from hole 7 and balance it with a
weight and washers in the other end of the balance aim. Record cthe
welght on the chart on Page S10-4.,

Weighinz cbjects greater than l-ounce
17. Place a paper clip hook in hole R3 and hole Lé.

Hang the spring scale from hole R3.
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19,

20,
2.

22.

26,

Hang a l-ounce weight from hole L6 and add washers until the am is
approximately leval,

Remove the weights and count the washers.

Multiply the total weight (welght and washers) needed to balance the
scale by tw. This will give you the weight of the scale, Record
this on Page S10-4,

WHEN THE FORCE IS TWICE AS FaR FROM
THE FULCE ~ .S THE ORJECT TO HE
WEIGHED, T£ FORCE NEEDED IS

THE LOAD.

Hang one paper clip hook from hole L6 and the other hook from hole R2,
23. Hang a l-ounce weight from hole L6.

24, Hang an object of your own choosing from hcle F2 (a number
of keys, a small metal object, a notebook, or some other
object you estimate to weigh between three and six ounces).

25, Determine the welght of the object by counting the welght and
washers and multiplying by three and recording it on the chart.

WHEN THE FORCE IS THREE TIMES AS FAR
FROM THE FULCRUM AS THE ORJECT 10 EE
WEIGHFD, THE FORCE NEEDED IS
THE LOAD,

Weigh other objects of your choice. By moving the weights and the objects
to be weighed in various holes in the lever am, objects from 1/24 of an
ounce to 1/2 pound (8 ounces) can be welghed with only 3 ounces of weight.

QUESTIONS
The longer the balance amms. the ___accurate the scale becomes.

To weigh an object heavier than the weights available, you can move
the object to be welghed to the fulerum.

510-3

-




! hnty 3
| T .
MULTIPLY
(FORCE DISTANCE
DIVIDED BY TOTAL WEIGHT
OBJECT WEIGHTS | WASHERS LOAD DISTANCE) (REDUCE FRACTIONS
l-ounce
| Weight 7/7=1
Friction
| Hlock 77 =1 .
_Toy Car 7/7 =1
Spring
| Scale 6/3 =2
Others 6/2 = 3
' 4 ! i 4 )
Space for multiplying (multiply weights and washers separately,
reduce improper fractions)
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