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Physical science workshop course for elementary teachers 
Glen T. Clayton, Harry D. Downing, and Thomas 0. Callaway 
Department of Physics, Stephen F. Austin State University, Nacogdoches, Texas 75962 

(Received 30 June 1980; accepted for publication 19 March 1981) 

INTRODUCTION 

Science for elementary school grades K-6 varies some­
what in content from one textbook series to another, but it 
is fairly common that 40-60% of the material covered _is 
directly related to physics. These texts suggest that certam 
learning activities such as experiments, demonstrations, 
and observations be carried out by the teacher and the 
class. Often the apparatus for a learning activity is to be 
constructed from simple, readily available materials. The 
typical elementary school teacher has had little experience 
in performing experiments and is often frustrated in 
his/her attempts at carrying out the suggested learning ac­
tivity. To meet this need we have developed a physical sci­
ence workshop that is made available to teachers who are 
returning to the university for additional training. 

This course is based upon the assumptions that most 
elementary teachers have had little or no physics and lack 
the competence and confidence to carry out an activity­
oriented science program; that most experiments should be 
carried out using readily available and easily constructed 
materials; that skill in using hand tools is needed by most 
teachers· and that teachers who learn in an activity-orient­
ed cour;e are better prepared to teach in that mode. 

FORMAT 

The class is conducted in an informal workshop format 
in which each student works on her (since most partici­
pants are females, we choose to use the feminine gender) 
own apparatus and does the experiments individually. The 
lab-partner arrangement is not used since that tends to pro­
duce one "doer" and one "watcher." The course requires a 
total of 60 hours of participation, and participants may 
recieve up to four semester hours of credit toward a mas­
ter's degree in education. The energy output oft~e instruc­
tor is very high, and the number of students per mstructor 
should be limited to about twelve; although, we have suc­
cessfully team taught sections as large as fifty by using four 
instructors. The instructor conducts demonstration ex­
periments, pre-lab and post-lab ex~lanations, and i~ o~h~r­
wise constantly involved in explainmg concepts to mdivid­
ual participants. The experiments c~n ~e divide? into th~ee 
types: ( 1) directed experiments, bnef m duration, durmg 
which the instructor explains the results observed and 
helps the students understand what is observed (much of 
Unit I is of this type); (2) experiments carried out by the 
students and discussed in a post-lab session (Units II, V, 
and VI contain the best examples of these experiments); 
and (3) observation of phenomena utilizing easily contruct­
ed or readily available materials where data are not taken 
but the phenomenon is observed and described (S~c. III _is 
the purest example of this type). Some of the sections mix 
all three approaches. 

The course has been taught in several different time ar­
rangements including one evening per week for an entire 
semester, two evenings per week for eight weeks during a 
regular semester, as a six-week summer course and as a 
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three-week summer course. Each arrangement has some 
advantages and disadvantages. The first two have the ad­
vantages that the participant can put the material to imme­
diate use in her classroom and have the instant reward of 
seeing the children's responses. One disadvantage is that 
both the participants and the instructor are tired after hav­
ing worked all day, and this fatigue tends to limit enthusi­
asm. A second disadvantage is that all materials must be 
brought in and removed from the classroom for each class 
meeting. 

The two summer programs lose the above advantages 
but more than make up for them by eliminating the disad­
vantages listed. Our experience indicates that the three­
week course meeting 4-6 hours per day for ten to fifteen 
days in a room used for nothing else offers the best teaching 
situation. 

The course has been taught in school cafeterias, libraries, 
elementary school classrooms, high school science labora­
tories, and university laboratories. We think it is best 
taught in an elementary school classroom since the partici­
pants overcome the same space and facility difficulties dur­
ing the courseJ!S they will face in implementing a physical 
science program in their classes. Most importantly the 
course must be taught in a free and easy workshop atmo­
sphere where students can learn from each other, get im­
mediate answers to their questions and learn that doing 
science experiments can be an enjoyable experience. 

Hand tools, lightweight electric drills, and saber saws 
are provided along with most materials needed to constr:uct 
each piece of experimental apparatus. Each student bmlds 
apparatus with which she does experiments, and when ~he 
course is finished, she takes the apparatus she has built. 
Other experiments make use of commonly available mate­
rials, such as spectacle lenses, aquarium, and musical toys. 
When the course is finished each participant has enough 
materials to carry out nearly all of the experiments and 
demonstrations. Special apparatuses, which are either ex­
pensive or difficult to obtain, are avoided. 

Every aspect of the program is part of a planned effort to 
give the participant confidence and competence to carry 
out an activity-oriented physical science program in her 
school. 

CONTENT 

It was our goal for each participant to gain a measure of 
competence in performing approximately 100 experiments 
and demonstrations from the various areas of physics. For 
example, in Unit I the student makes an alcohol ~m~er 
from a baby food jar and clothesline rope and fuels 1t with 
spirit duplicator alcohol. The participants use the burner as 
the heat source for eleven experiments and demonstrations 
that can be done with test tube stoppers, glass tubing, and 
rubber hose. These experiments include boiling at low pres­
sure, distillation of wood, distillation ofliquids, and recrys­
tallization of salt. Nine additional heat experiments are 
done in a later unit. 

In the second unit an equal-arm balance sensitive to 
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about 20 mg is constructed, and it is then used to carry out 
thirteen experiments including determination of the densi­
ty of solids, liquids, and gases and a study of Archimedes's 
principle. 

The optics unit contains 22 demonstrations and experi­
ments using such items as mirror stock, pinhole cameras, 
aquarium, lenses, and shaving mirrors. Eleven,experiments 
are included on weather, 16 on mechanics, 11 on sound, 
and 10 on electricity. A complete listing of the table of 
contents from our study guide is available on request from 
the author. 

CONCLUSIONS 

More than 200 persons have taken this course during the 
past six years, and student evaluations have been taken 
from approximately 100 of these. The course has been con­
stantly rated as one of the best in which they have partici­
pated with respect to amount learned, potential for impact 
on teaching, and personal satisfaction with accomplish­
ments. Follow-up interviews with teachers, science super­
visors, and principals as well as unsolicited correspondence 
indicate that many who have taken the course have incor­
porated much of it into their science teaching. 

Our experience indicates that physics departments can 
have an impact on public elementary school science teach­
ing by developing and teaching courses that train the par­
ticipant to conduct class experiments, develop apparatus, 
and perform the demonstrations that we have traditionally 
used in teaching elementary physics. However, the experi­
ments need to be simplified and worked out so they can be 
done with readily available and easily constructed 
materials. 

TABLE OF CONTENTS 

I. Alcohol burner plus test tubes 
1. Atmospheric pressure 
2. Vacuum produced by condensation 
3. Boiling at low temperature 
4. Test tube Jens 
5. Cartesian diver 
6. Gas thermometer 
7. Liquid thermometer 
8. Distillation of wood 
9. Distillation of ink or shoe polish 

JO. Boiling point when salt is added 
11. Recrystallization of salt 

II. Experiments with an equal-arm balance 
1. Assembly 
2. Calibration of balance 
3. Calibration of a set of masses 
4. Does shape change mass? 
5. Gas has weight 
6. Warm air is lighter than cool air 
7. Condensation rates 
8. Evaporation rates 
9. Density of solids 

JO. Density of water and alcohol 
11. Density of gas 
12. Archimedes's principle 
13. Density by use of Archimedes's principle 

III. Optics 
1. Reflection box 
2. Pinhole camera 
3. Concave mirror images 
4. Spectrum by scarf grating 
5. Spectrum with pan of water and mirror 
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6. Moon box 
7. Aquarium optics 
8. The critical angle 
9. Spectrum 

JO. Refraction index by shortened ruler 
I I. Displaced image 
12. Absorption oflight (white box, black box) 
13. Absorption of light by use of magnifying glass 
14. Waves on a chain 
15. Polarization 
16. Polarization of sky light 
17. The periscope 
18. The kaleidoscope 
19. The telescope 
20. The water drop microscope 
2 I. The color wheel 
22. Blue sky-red sunset 

IV. Weather 
I. Dew formation 
2. Frost formation 
3. Wind indicator 
4. Construction of a rain gauge 
5. Solar distillation 
6. Greenhouse effect 
7. Solar heating system 
8. Convection currents 
9. Humidity 

I 0. Marshmallow in hypodermic syringe 
11. Smog bottle 

V. Mechanics 
I. The force required to stretch a spring 
2. The center of gravity of a regular object 
3. Heart of Texas-a center of mass experiment 
4. Equal torques 
5. Rubber band scale calibrated in newtons 
6. Measurement of work 
7. Inclined plane 
8. Pulley system 
9. Three classes oflevers 

10. The wheel and axle 
11. The mousetrap car 
12. Ping pong ball in funnel 
13. Spool, pin, and cardboard Bernoulli demonstrations 
14. Atmospheric pressure-A 
15. Atmospheric pressure-B 
16. Elasticity of solids 

VI. Heat 
I. Thermal expansion of solids 
2. Thermal expansion of solids rod (second method) 
3. Thermal expansion of gases 
4. Thermal expansion of liquids 
5. Melting point and freezing point 
6. The effect on melting point of impurities 
7. Thermal expansion of metal plate 
8. Calorimetry 
9. Specific heat 

VII. Sound 
I. Demonstration of the traveling wave 
2. Waves can transmit energy 
3. Polarization by reflection 
4. Standing wave-harmonics can be seen 
5. Standing wave-harmonics can be heard 
6. Resonance-natural frequencies of air column 
7. Vibrating bars 
8. Vibrating reeds 
9. Resonant air cavity 

JO. Singing glass 
11. Speed of sound 
12. Vortex box 
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13. Thumper-a hearing experiment 
14. You can hear through your teeth 
15. Church bells from a spoon 

VIII. Electricity and magnetism 
I. Magnetic field and iron filings 
2. Use of compass to find magnetic field 
3. Magnets-how to get them 

Kinematics of tape recording 
J. J. Coleman 

4. Electromagnet 
5. Current indicating device 
6. Construction of a battery 
7. Magnetize a needle 
8. Generator effect 
9. Experiments on practical electricity 

10. Calculation of your electric bill 

Rockwell International, Electronics Research Center, Anaheim, California 92803 

(Received 23 February 1981; accepted for publication 3 April 1981) 

Recently, 1 J. P. McKelvey has given a quantitative de­
scription of the kinematics of audio tape recording. His 
description provides the nonlinear relationship between 
the numerical value on a counter attached to the tape take­
up reel and the constant-speed, elapsed time of the tape. 
The discussion of Ref. 1 is of interest as a practical applica­
tion of the mathematics of rotational kinematics. The pur­
pose of this paper is to describe a slightly different ap­
proach, containing an important engineering assumption, 
to a similar problem involving microcomputer data storage 
on magnetic tape. 

Cassette tape recorders are commonly used as an input­
output (1/0) device for commercially available, low-cost 
microcomputers such as the Commodore PET. These re­
corders provide an inexpensive way to record programs 
and data files but are quite slow and seldom have a counter 
of the type described in Ref. 1. Programs recorded on the 
cassettes are normally several minutes in length with the 
result that, starting from the beginning of the tape, it may 
take tens of minutes to find and loaq the fourth or fifth 
program on the tape. An ideal solution to this problem is to 
make use of one of the higher-speed functions on the cas­
sette recorder (fast-forward or rewind) to locate the pro­
gram or data file and revert to normal speed for the actual 
1/0 operation. 

Perhaps the simplest way to optimize cassette tape usage 
is to divide the entire tape into equal segments or files of 
normal-speed recording time and then use the fast-forward 
speed to access the desired file from somewhere near the 
front of the tape. The PET computer has some built-in 
functions that are useful for this purpose. These include a 
memory location that holds the status of the cassette keys 
(senses if any key is depressed), a memory location that 
turns the cassette drive motor on and off, and a user-acces­
sible, real-time clock that can be used as a timer. With 
suitable software then, the computer itself can be used to 
advance the tape at fast-forward speed for a precisely mea­
sured period of time, and locate the tape at the beginning of 
the desired tape file. 

As mentioned in Ref. 1 the tape at normal speed passes 
the recording head at a constant velocity (for standard cas­
sette recorders this velocity is 1.875 in./sec). In the fast­
forward mode, however, the take-up reel rotates at a con­
stant angular velocity, which means that the tape passes the 
recording head faster as the take-up reel fills. It becomes 
necessary to derive the nonlinear relationship between the 
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time at normal speed and the time at fast-forward speed to 
advance from the start of the tape ( or a suitable reference) to 
a specified point later on the tape. 

The constant angular velocity w, of the take-up reel must 
be determined experimentally. The change in radius Ar, of 
the take-up reel for each revolution is just the tape thick­
ness h, which is 0.0005 in for a standard cassette tape. The 
time At, for each revolution is given by 1/w. This implies 
that 

Ar dr 
-=-=hw, 
At dt 

(1) 

and indicates that for the fast-forward speed the radius rf.t ), 
of the take-up reel is linear with time. Shown in Fig. l is 
experimentally obtained data for r(t) of an ordinary cassette 
tape in a Commodore data cassette recorder. These data 
were obtained with a stopwatch, a ruler and a magnifying 
glass. The data are linear of the form r(t) = r0 + at where 
r0 = 0.41 in. and a= 0.004 25 in./sec. From Eq. (1) the 
angular velocity is seen to be 8.5 sec. - 1

• 

At any time t, there have occurred n revolutions of the 
take-up reel in fast-forward where n is given by 

n = [r(t) - r0]/h. (2) 

The length of tape L, on the take-up reel at this time is 
approximately2 

--,. 
~ 

<n 
::, 

0.8 

0.7 

~ 0.6 

0.5 

0.4 0 10 20 30 40 50 60 70 80 90 100 
TIME (SEC) 

Fig. I. Radius of a cassette recorder take-up reel as a function of time in 
the fast-forward mode of operation. The angular velocity of the reel is 
constant resulting in a radius that is linear with time. 
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