PENDULUMS

with paper clips,
pennies, thread, tape
and simple things
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WHAT CAN YOU COPY?

Dear Educator,

Please honor our copyright restrictions. We offer liberal options and guidelines below
with the intention of balancing your needs with ours. When you buy these labs and use
them for your own teaching, you sustain our work. If you “loan” or circulate copies to
others without compensating TOPS, you squeeze us financially, and make it harder for
our small non-profit to survive. Our well-being rests in your hands. Please help us keep
our low-cost, creative lessons available to students everywhere. Thank you!

PURCHASE, ROYALTY and LICENSE OPTIONS

TEACHERS, HOMESCHOOLERS, LIBRARIES:

We do all we can to keep our prices low. Like any
business, we have ongoing expenses to meet. We
trust our users to observe the terms of our copyright
restrictions. While we prefer that all users purchase
their own TOPS labs, we accept that real-life situa-
tions sometimes call for flexibility.

Reselling, trading, or loaning our materials is
prohibited unless one or both parties contribute an
Honor System Royalty as fair compensation for value
received. We suggest the following amounts — let
your conscience be your guide.

HONOR SYSTEM ROYALTIES: If making cop-
ies from a library, or sharing copies with colleagues,
please calculate their value at 50 cents per lesson,
or 25 cents for homeschoolers. This contribution may
be made at our website or by mail (addresses at the
bottom of this page). Any additional tax-deductible
contributions to make our ongoing work possible will
be accepted gratefully and used well.

Please follow through promptly on your good inten-
tions. Stay legal, and do the right thing.

SCHOOLS, DISTRICTS, and HOMESCHOOL CO-OPS:

PURCHASE Option: Order a book in quantities equal to the number of target
classrooms or homes, and receive quantity discounts. If you order 5 books or down-
loads, for example, then you have unrestricted use of this curriculum for any 5 class-
rooms or families per year for the life of your institution or co-op.

2-9 copies of any title: 90% of current catalog price + shipping.

10+ copies of any title: 80% of current catalog price + shipping.

ROYALTY/LICENSE Option: Purchase just one book or download plus photo-
copy or printing rights for a designated number of classrooms or families. If you pay
for 5 additional Licenses, for example, then you have purchased reproduction rights
for an entire book or download edition for any 6 classrooms or families per year for
the life of your institution or co-op.

1-9 Licenses: 70% of current catalog price per designated classroom or home.

10+ Licenses: 60% of current catalog price per designated classroom or home.

WORKSHOPS and TEACHER TRAINING PROGRAMS:

We are grateful to all of you who spread the word about TOPS. Please limit copies
to only those lessons you will be using, and collect all copyrighted materials after-
ward. No take-home copies, please. Copies of copies are strictly prohibited.

Ask us for a free shipment of as many of our TOPS IDEAS Catalogs as you

need to support your efforts. Every catalog is a rich, attractive resource magazine
packed with free sample teaching ideas.

Electronic edition 2011. Copyright ©2000 by TOPS Learning Systems. All rights reserved. This material is created/
printed/transmitted in the United States of America. No part of this program may be used, reproduced, or transmitted in any
manner whatsoever without written permission from the publisher, except as explicitly stated above and below:

The original owner of this book or digital download is permitted to make multiple copies of all student materials for per-
sonal teaching use, provided all reproductions bear copyright notice. A purchasing school or homeschool co-op may assign
one purchased book or digital download to one teacher, classroom, family, or study group per year. Reproduction of student
materials from libraries is permitted if the user compensates TOPS as outlined above. Reproduction of any copyrighted ma-

terials for commercial sale is prohibited.

For licensing, honor system royalty payments, or catalog requests, contact: www.TOPScience.org; or
TOPS Learning Systems, 10970 S Mulino Rd, Canby OR 97013; or inquire at tops @canby.com

ISBN 978-0-941008-55-6
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Gathering Materials

Listed below is everything you’ll need to teach this module. Buy what you don’t already have from your local
supermarket, drugstore or hardware store. Ask students to bring recycled materials from home.

Keep this classification key in mind as you review what’s needed.

general on-the-shelf materials: special in-a-box materials:
Normal type suggests that these materials are used Italic type suggests that these materials are un-
often. Keep these basics on shelves or in drawers that are usual. Keep these specialty items in a separate box.
readily accessible to your students. The next TOPS module After you finish teaching this module, label the box for

you teach will likely utilize many of these same materials. storage and put it away, ready to use again.
(substituted materials): *optional materials:
Parentheses enclosing any item suggests a ready An asterisk sets these items apart. They are nice to

substitute. These alternatives may work justaswellasthe | have, but you can easily live without them. They are
original. Don’t be afraid to improvise, to make dowithwhat | probably not worth an extra trip to the store, unless you
you have. are gathering other materials as well.

Everything is listed in order of first use. Start gathering at the top of this list and work down. Ask students to
bring recycled items from home. The Teaching Notes may occasionally suggest additional Extensions. Materials
for these optional experiments are listed neither here nor under Materials. Read the extension itself to determine
what new items, if any, are required.

Quantities depend on how many students you have, how you organize them into activity groups, and how you
teach. Decide which of these 3 estimates best applies to you, then adjust quantities up or down as necessary:

Q,/Q,/Q,

l Single Student: Enough for 1 student to do all the experiments.
Individualized Approach: Enough for 30 students informally working in pairs, all self-paced.
— Traditional Approach: Enough for 30 students, organized into pairs, all doing the same lesson.

KEY: special in-a-box materials general on-the-shelf materials
(substituted materials) *optional materials

Q,/Q,/Q,

1/2/2 boxes paper clips of uniform size and weight — stick with one brand
1/2/2 spools of thread
1/15/15 pairs of scissors
1/2/2 rolls masking tape
1/15/15 clock or stopwatch to measure seconds - a large wall clock will serve a whole class
1/5/15 meter sticks
2/20/30 styrofoam cups
1/5/15 plastic drinking straws
2/10/30 rubber bands
10/ 60/ 150 pennies
1/5/15 wire clothes hangers
3/15/45 heavwy books
1/1/1 ballstring
3/15/45 clothespins
1/5/15 felt-tip pens — must be smooth and free-flowing




Sequencing Activities

This logic tree shows how all the activities in this book tie together. In general, students begin at
the trunk of the tree and work up through the related branches. Lower level activities support the
ones above.

You may, at your discretion, omit certain activities or change their sequence to meet specific class
needs. However, when leaves open vertically into each other, those below logically precede those
above, and should not be omitted.

When possible, students should complete the activities in the same sequence as numbered. If time
is short, however, or certain students need to catch up, you can use this logic tree to identify concept-
related horizontal activities. Some of these might be omitted, since they serve to reinforce learned
concepts rather than introduce new ones.

For whatever reason, when you wish to make sequence changes, you’ll find this logic tree a valuable
reference. Parentheses in the upper right corner of each activity page allow you total flexibility. They
are blank so you can pencil in sequence numbers of your own choosing.
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Gaining a Whole Perspective

Science is an interconnected fabric of ideas woven into broad and harmonious patterns. Use
extension ideas in the teaching notes plus the outline presented below to help your students grasp
the big ideas — to appreciate the fabric of science as a unified whole.
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Review / Test Questions

Photocopy these test questions. Cut out those you wish to use, and tape them onto white paper. Include questions
of your own design, as well. Crowd them all onto a single page for students to answer on their own papers, or leave
space for student responses after each question, as you wish. Duplicate a class set, and your custom-made test is ready
to use. Use leftover questions as a class review in preparation for the final exam.

activity 1
a. Which pendulum swings fastest?
b. Which pendulums swing together?
c. Which pendulum swings slowest?

A f D i
o
activity 2

Your grandfather clock runs too slow.
How would you adjust its pendulum
to make it keep better time?

activity 3
A heawy person swings on a swing in
the park. Then a light person uses the
same swing, Would one be able to
swing faster than the other? Explain.

activity 4
Suppose you are swinging from an
overhead bar.

a. If you took bigger swings, could you
slow your frequency?

b. How could you best increase your
frequency?

activity 5
Suppose you hang 3 strips of wood
from a table like this. Which one
swings the fastest? Why?

activity 6
A pendulum makes 20 swings in 15
seconds.
a. How many cycles does it make in
15 seconds?
b. What is the frequency of the pen-
dulum in cycles per minute?

activity 7
You are given a pendulum that is
20 cm long.
a. How long is a pendulum that swings
2 times faster than this?

b. How long is a pendulum that swings
3 times slower than this?

activity 8
a. Pendulum swings 3 times

faster than pendulum

b. Pendulum swings 2 times

slower than pendulum

A B C D E
1cm‘ l
3cm

5cm

9cm

activity 9
Chains of paper clips swing back and
forth like pendulums. The table lists
the frequencies for these chains from
1 clip to 9 clips long.

LENGTH
| 1/213|4|5(6(78 |9

FREQ.
c/m

208|146|120{104| 92| 84|78 | 73 | 69

Use the table to complete the line
graph below. One chain is drawn as
an example. (Table turned sideways.)

- LENGTH (# of clips)
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Review / Test Questions, continued

activity 10
Draw a smooth graph line through
these data points.

200,

25¢c/m)

&
P

|

FREQUENCY (1 sq
| o4

Q A[
O 10 20 30 4 50 60 70 g0
LENGTH (1 sq=10cm)

a. According to your graph, what is

the frequency of a pendulum that is
35 cm long?

b. According to your graph, how long
is a pendulum that has a frequency of
37Y2 ¢/m?

activity 11
A chain that is 2 paper clips long has
a frequency of 147 ¢/m. Find the fre-
quency of a chain with 18 paper clips.
Show your work.

activity 12
Paper clip chains swing like pendu-
lums. The table list the frequencies for
chains from 1 clip long to 9 clips long.

LENGTH
boos| 1/2(3]4(5(67 /8|9

FREQ.
¢/m

208146/120{104) 921 84|78 73| 69

Graph this data on the grid below.
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1 2 3 4 5 6 7 8 9 10
LENGTH (1 sq = 1 paper clip)

activity 13
A wheel of your car is stuck in a hole.
To get your car out, should you push
on it steadily, or rock it back and forth?
Explain.

activity 14
Two pendulums with equal lengths are
taped to a long straw like this. If you
start B swinging toward A, predict
what happens.

[ ermrrreeer® wvrrroom s creerreT e T e
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activity 15
Two pendulums with different lengths
are taped to a long straw like this. If
you start B swinging toward A, pre-
dict what happens.

B
V

o

activity 16
A pendulum 100 cm long swings 30.4
¢/m. Another pendulum 200 cm long
swings 21.5 ¢/m. Use this informa-
tion to find the square root of 2. Show
your math.

activity 17
You are rich enough to build a pendu-
lum any way you wish. Design one that
comes close to perpetual motion: once
you start it swinging, it never stops.

activity 18
How would you use a pendulum to
prove that the earth turns?

activity 19
Who can jump up and down with
greater frequency on a diving board,
a large adult or a small child? Explain.

activity 20
Sand flows out of both funnels shown
below. Which system will make a more
interesting pendulum design when you
set the funnel in motion. Why do you
think so?

Copyright © 2000 by TOPS Learning Systems




(swing back and forth together).

[] Check point: they must stay in step
at least 10 cycles back and forth.

Draw how they look.
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3)Pull the thread up or down through the A
tape until the paper clips all march in step @

B Tape each to the edge of your desk leaving the
ends free.

LEAVE ENDS FREE

P O R

00000000000000000000000000000000000000000
E.If pendulums swing back and forth together,
what can you say about their lengths?

Predict: Which pendulum will . . .

. . . swing fastest?

.. swing slowest?

00000000000000000
00000000000000000

Test your prediction.

D correct D wrong

- N—
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Objective

To make 3 pendulums that swing in step. To understand
how their lengths change with frequency.

Lesson Notes

1. Everyone in your class knows how to tie thread to a paper
clip, right? Wrong. Wispy thin thread is hard to control, es-
pecially in the hands of younger children. Be prepared to
give your class a lesson in tying knots (tie two loops, not
one). Identify those who are good knot tyers, and have them
help those who cannot knot knots!

Knotting thread is an operation that your students will have
to do repeatedly throughout this module. Extra work on this
now will insure that later activities run more smoothly.

In general, larger loops are easier to tie than smaller loops.
So encourage your st:1ents to start with big loops using plenty
of thread, then trim off the excess. Thread is cheap.

2. Tape the pendulums so they are all suspended from the
same height. This happens as a matter of course if students
stick each piece of tape to the side of the table, flush with the
bottom edge, as illustrated.

Students might also create equal-length pendulums by tap-
ing thread to the top of the table instead of its side edge.
Technically this creates more complex double-pivot pendu-
lums that swing at two different lengths. Practically, it will
not affect experimental results, and no one will notice.

Tape on top:

Tape at bottom edge:
single pivot

One final point. Avoid snarls and tangles by allowing plenty
of swinging room between each pendulum.

3. To lengthen or shorten the pendulum, simply pull the
thread down or up through the tape. Moving the tape is not
necessary, although some students may do this.

You can never make pendulums (or anything else) exactly
the same length. The best you can do is to keep the length
within a specified tolerance. In this step, the checkpoint ar-
bitrarily defines such a tolerance: the pendulums must be so
close to the same length that they still march in step after 10
cycles.

To stay within this tolerance, your students will have to
make subtle adjustments of only a millimeter or two. Less
coordinated students may find this too difficult. You can
decide when each student has done enough adjusting. But
don’t come to the rescue too early. As students make these
minor length adjustments, they will appreciate firsthand the
sensitive interdependence between pendulum length and fre-
quency.

6. Hang on to these ready-made pendulums! Hand them out
in later activities to students who are all thumbs and can't tie
their own. This will save them a lot of frustration, and you a
lot of work.

To keep them from tangling, hang the pendulums from
slits cut into the top of a styrofoam cups. This technique is
illustrated in step 6 of activity 6.

Answers
3. (Student drawings should suggest equal length.)

! ! (

4. The pendulums must have equal length in order to keep
swinging in step together.

5. Pendulum A will swing fastest.
Pendulum € will swing slowest.

Materials

O Paper clips of uniform size and weight. Use just one brand
name of medium size, about this large. Banish all odd-sized
paper clips from your classroom for the duration of this

O Thread. With the exception of activity 20, most experi-
ments in this module require thread. Don'’t substitute string.
[0 Scissors.

[J Masking tape. Easy to handle and easy to remove from
table surfaces, masking tape is used exclusively throughout
this module. Don’t substitute cellophane tape. It's hard to
see and clings tenaciously to desk surfaces. This makes
cleanup difficult.

Teaching Notes 1



