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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: |f 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 ©1992 by TOPS Learning Systems. Revised edition published 2004. 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 978-0-941008-71-6
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Gathering Materials

Listed below is everything you'll need to teach this module. You already have many of these items. The rest are
available from your supermarket, drugstore and hardware store. Laboratory supplies may be ordered through a science
supply catalog. Hobby stores also carry basic science equipment.

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

special in-a-box materials:

Italic type suggests that these materials are unusual.
Keep these specialty items in a separate box. After you
finish teaching this module, label the box for storage and
putitaway, ready to use again the next time you teach this
module.

general on-the-shelf materials:

Normal type suggests that these materials are
common. Keep these basics on shelves or in drawers
that are readily accessible to your students. The next
TOPS module you teach will likely utilize many of these
same materials.

(substituted materials):

Parentheses enclosing any item suggests a ready
substitute. These alternatives may work just as well as the
original, perhaps better. Don’t be afraid to improvise, to
make do with what you have.

*optional materials:

An asterisk sets these items apart. They are nice to
have, but you can easily live without them. They are
probably not worth the extra trip, unless you are gather-
ing other materials as well.

Q,/Q,/Q

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 student activity under the heading
“Extensions.” Materials for these optional experiments are listed neither here nor in the teaching notes. Read the extension
itself to find out what new materials, if any, are required.

Needed 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:

3

Single Student: Enough for 1 student to do all the experiments.
Individualized Approach: Enough for 30 students informally working in 10 lab groups, all self-paced.

— Traditional Approach: Enough for 30 students, organized into 10 lab groups, all doing the same lesson.

KEY:  special in-a-box materials
(substituted materials)

general on-the-shelf materials

*optional materials

Q,/Q,/Q,

1/10/10 cereal boxes — see notes 1
2/20/20 cups gravel (sand or soil)

1/5/5 rolls masking tape

1/10/10 scissors
1/2/2 spools thread

2/20/20 washers sized to fit quarter inch bolts — see note 1
1/2/3 boxes paper clips of uniform size — see note 1
1/1/1 wall clock with second hand (wrist watches)

1/10/10 stopwatches — see notes 1

1/10/10 hand calculators

1/1/1  roll thin, bare iron wire, about 30 or 32 gauge

1/5/10 meter sticks
1/2/5 *wire cutters

1/4/10 batteries, size-D, dead or alive

1/4/10 clothespins

1/10/10 index cards (any straightedge)

1/20/20 straws
4/30/40 straight pins

1/10/10 plastic lids —see notes 20

1/2/5 paper punches

1/1/1 working video screen
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Sequencing Task Cards

This logic tree shows how all the task cards in this module tie together. In general, students
begin at the trunk of the tree and work up through the related branches. As the diagram suggests, the
way to upper level activities leads up from lower level activities.

At the teacher’s discretion, certain activities can be omitted or sequences changed to meet
specific class needs. The only activities that must be completed in sequence are indicated by leaves
that open vertically into the ones above them. In these cases the lower activity is a prerequisite to the
upper.

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

On the other hand, if students complete all the activities at a certain horizontal concept level,
then experience difficulty at the next higher level, you might go back down the logic tree to have
students repeat specific key activities for greater reinforcement.

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 task card allow you total flexibility.
They are left blank so you can pencil in sequence numbers of your own choosing.




Review / Test Questions

Photocopy the questions below. On a separate sheet of blank paper, cut and paste those boxes you want to use as
test questions. Include questions of your own design, as well. Crowd all these questions onto a single page for students
to answer on another paper, 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 review in preparation for the final exam.

task 1-2
A pendulum makes 16 single swings
in 20 seconds. What is its frequency
in cycles per minute?

task 1-3, 8
Using a foot ruler and wristwatch, you
collect the following pendulum data:
LENGTH (inches) 1 2 4 6 8 12
FREQUENCY (c/m) 164 132 91 77 67 53

a. Plot these data

points on graph £ lt?_0| i
paper, then make = ;g

a graph line. g

b. According to & 10 )
your graph, what's 0 1 2116
the frequency of a LENGTH (in.)

10inchpendulum?
c. Extrapolate to find the frequency of
a 16 inch pendulum.

task 9-12 A

This pendulum data will not graph as
a straight line.

L=LENGTH(m) 0 2 6 12

T=PERIOD(s)c) 0 3 5 .7
a. Change it mathematically soitdoes.
b. Graph it.
c. Derive a pendulum equation from

task 3,5
A pendulum has a frequency of 120
cycles/minute.
a. What is its frequency in Hz units?
b. What is its period?

task 3-5, 8
Using a meter stick and stop watch,
you collect this pendulum data for
length vs period:
LENGTHm) 0 1 2 4 8 12
PERIOD (s/c) 0 2.00 2.84 4.02 5.68 6.96

a. Plotthese data

o [to
points on graph < [8.00] ‘
paper, then form 5§ 1.00
a graph line. & 0.50
b. According to & 5
>
your graph, what LENGTH (m)

is the length of a
pendulum with a period of 5.00 s/c?
c. Extrapolate to find the length of a
pendulum with a period of 8 s/c.

task 9-12 B

Using a stopwatch,
you time the period
of a swinging chain
for different numbers
of beads:

your graph.

(o)
o
N
) )
() [
() [
() (2}
() [»)
v ="

L =LENGTH (beads) 0 10 20 40
T=PERIOD (s/c) 0 .48 .69 97

a. Develop a data table for L and T2
b. Graph your results.

c¢. Write an equation relating T2to L.
d. Use this equation to predict the
period of a 100 bead chain.

task 16-17

A 90 cm pendulum is attached
to a 60 cm cupboard.
The bob is pulled
out as shown,
then released.
Will it

strike _

the
bottom of \
the cupboard?

If so, where? Explain.

task 13

Recall that: \/E . L
L2 B T2

Use the data in this table to find V6.

LENGTH(m) 0 2 6 12
PERIOD (sfc) 0 .29 .51 .71

task 14-15 A
Yourcaris stuckin adeep rut. To free
it should you push straight forward, or
rock it back and forth? Explain.

task 17-19 A
A pendulum is gently pushed to
maintain its maximum amplitude at
an energetic 90°. Its KE (kinetic
energy) changes with amplitude like

this: 0060}
0050
0040
0030
0020 3A
0010

™
N

MKE\

ENERGY (joules)

0 30 60 90
AMPLITUDE °

a. Why does KE reach a maximum at
0° and a minimum at 90°?

b. Draw another curve on this same
graph to represent the pendulum's
PE (potential energy).

c. At what amplitude does KE = PE?

task 4-5
A pendulum swings 20 cycles in 5
seconds.
a. What is its period?
b. What is its frequency in Hz units?

task 14-15B
A short pendulum has exactly twice
the frequency of a long pendulum.
Suppose you connect these with a
straw energy bridge, then start the
long one swinging. What happens to
the short straw? Explain.

task 4,6
Summarize how the variables of
length, amplitude and bob weight
affect the period of a pendulum.

task 6-7
a. Name a variable that affects a
thread-and-washer pendulum the
same as a spring pendulum.
b. Name another variable that affects
them differently.

task 16
A 12 cm pendulum
is taped 4 cm from
the bottom of a
cupboard and then
set in motion so it
swings underneath.
Use this data table
for other pendulums
to calculate its
particular frequency.

LENGTH (cm)0 4 8 12

PERIOD (s/c) 0 .42 .58 .70

task 17-19 B
Aweighttiedto athread loop is gently
twirled around a straw like this:

a. Where does this
system have max-
imum potential
energy? Maximum
kinetic energy?
Explain.

b. Where does this
system have min-
imum potential
energy? Minimum
kinetic energy ?
Explain.

c. Compare and contrast this system
to a normal back-and-forth pendulum.

task 20
A wheel is turned faster and faster in
front of a video screen until its 24
spokes appear to stand still. Atag on
its rim is found to make 10 turns in 4
seconds. Calculate the refresh
frequency of this video screen.

Copyright © 1992 by TOPS Learning Systems.
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Task Objective (TO) construct a cereal-box pendulum support with a length and amplitude background grid
for use in activities throughout this module.

PENDULUM BOX (@) Pendulums ( )
1. Fill an empty cereal box about 1/6 full of OVE&K‘S%QING\ FOLD TAPE
gravel. Tape it closed, thentip it on ts side. s taiy 13"
2. Cutout the Pendulum Grid. Fold it back on -

the dotted line to fit neatly over the upper O A RSSO
edge of your box. Tape in place. L ///If 2 \\\\& =

3. Fold a tab of tape over the double-loop el BTN

end of a paper clip. Lightly tape ___ A Yoo

itto the center top of the box with =1 )} K $ o8

its taped “nose” sticking out. == \ '

4. Tie thread to a washer. Insert this thread into a slit that you cut in the tape tab
to the center “nose” of the clip. Tilt the box forward to let the washer unwind.

5. Tape the thread at the top of the box so its washer centers perfectly over the
12 cm circle (adjust the clip as needed). Now release your pendulum at an
amplitude of 10°.
a. Check that the pendulum swings for at least 1 minute without stopping.
Adjust, if necessary, for minimum friction with maximum closeness to the
box. Then tape the clip (not the pendulum thread) firmly in place.
b. Write your name on top.

© 1992 by TOPS Learning Systems 1

Answers / Notes

1. Don't overfill. This will bulge out the sides of the box, possibly interfering with the swing of the pendulum.
3. The overhanging paper clip support is taped lightly for now. It may require fine adjustments in step 5a before
being taped more permanently in place.

5. Secure this thread with a second piece of tape, overlaying the first layer that already holds the paper clip.
5a. The washer should clear the box by a millimeter or so when swinging parallel to its surface. It should show
little preference for twisting right or left, only lightly brushing the box's surface when it turns. After the paper clip
is adjusted perfectly, secure it with additional tape. If the pendulum thread is inadvertently taped to the box along
with the paper clip, simply pull it free. There is no need to retape.

Materials

O A Pendulum Grid. Photocopy this from the supplementary page at the back of this book.

A cereal box. We prefer a 2 pound Post Grape-Nuts box for its sturdy construction, and have sized our
pendulum grid to fit it perfectly. Any larger box with square corners and flat sides will also serve.

O Gravel, sand or dirt. This provides ballast to prevent box movement as the pendulum swings.
O Masking tape.

O Scissors.

O Thread.

O Uniform washers that fit 1/4 inch bolts. The circles on our Pendulum Grid match their 3/8 inch
holes. While other sizes may be used in initial activities, they are not suitable for activities 17-19.
O A flat working surface.

O Paper clips of uniform size. We use No. 1 Gem paper clips about this size. If your
particular brand is longer or shorter than this, tell your class that the “nose” of the clip
should stick out about 5 mm.

[ A stopwatch. A clock with a second hand may be conveniently substituted in the first two activities, but not
in experiments that follow. Digital stopwatches are relatively inexpensive, well worth the gains in speed and
accuracy that your students will realize throughout this module.

notes 1




Task Cards Options

Here are 3 management options to consider before you photocopy:

1. Consumable Worksheets: Copy 1 complete set of task card
pages. Cut out each card and fix it to a separate sheet of boldly lined
paper. Duplicate a class set of each worksheet master you have
made, 1 per student. Direct students to follow the task card instructions
at the top of each page, then respond to questions in the lined space
underneath.

2. Nonconsumable Reference Booklets: Copy and collate the 2-
up task card pages in sequence. Make perhaps half as many sets
as the students who will use them. Staple each set in the upper left
corner, both front and back to prevent the outside pages from
working loose. Tell students that these task card booklets are for
reference only. They should use them as they would any textbook,
responding to questions on their own papers, returning them
unmarked and in good shape at the end of the module.

3. Nonconsumable Task Cards: Copy several sets of task card pages.
Laminate them, if you wish, for extra durability, then cut out each card to
display in your room. You might pin cards to bulletin boards; or punch out the
holes and hang them from wall hooks (you can fashion hooks from paper
clips and tape these to the wall); or fix cards to cereal boxes with paper
fasteners, 4 to a box; or keep cards on designated reference tables. The
important thing is to provide enough task card reference points about your
classroom to avoid a jam of too many students at any one location. Two or
3task card sets should accommodate everyone, since different students will
use different cards at different times.




PENDULUM BOX '®) Pendulums ( )

1. Fill an empty cereal box about 1/6 full of Ovﬁﬁ\,H(?sl‘églNG\‘ FOLD TAPE
gravel. Tape it closed, then tip it on its side. ety

2. Cutoutthe Pendulum Grid. Fold itback on N

the dotted line to fit neatly over the upper eSS ZRRNSNIST o]
edge of your box. Tape in place. ]

3. Fold a tab of tape over the double-loop

end of a paper clip. Lightly tape ——]

itto the center top of the box with 2/

its taped “nose” sticking out. L

4. Tie thread to a washer. Insert this thread into a slit that you cut in the tape tab
to the center “nose” of the clip. Tilt the box forward to let the washer unwind.

5. Tape the thread at the top of the box so its washer centers perfectly over the
12 cm circle (adjust the clip as needed). Now release your pendulum at an
amplitude of 10°.
a. Check that the pendulum swings for at least 1 minute without stopping.
Adjust, if necessary, for minimum friction with maximum closeness to the
box. Then tape the clip (not the pendulum thread) firmly in place.

b. Write your name on top.
© 1992 by TOPS Learning Systems 1

FREQUENCY O Pendulums ()
1. Setthe center of the washer over the 15 cmcircle. / HOLD THREAD
Secure the thread at the top with tape. Start the ‘ >

pendulum swinging with an amplitude of 20°.

a. Find its frequency, the number of
cycles the pendulummakesin 1 minute.

p———— [ minute ———

b. Complete AMPLITUDE

thisdata  LENGTH FR/EQ LENGTH

teaabc!(; for (10;“ ) | 2. Is it necessary to count cycles over a

lenath ” whole minute to find the pendulum's

ength. 13 frequency? Describe a short-cut method.
: 3. Summarize how changes in the length
5 of a pendulum affect its frequency.

© 1992 by TOPS Learning Systems 2
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