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ABSTRACT:  This article addresses a very real problem in today’s Physics classrooms; textbooks and lab manuals require teachers to use equipment that is overly expensive.  As the size of our nation’s schools and classes becomes increasingly larger, the amount of money that will need to be spent to outfit a science department with the necessary materials to teach their students would simply become prohibitive.  I have proposed several demonstrations and modifications to experiments that can be conducted relatively inexpensively while continuing to maintain the integrity of the physics phenomenon. Electricity and Apparent Changes in Weight are two standard topics included in the New York State Physics Core Curriculum.  I begin with a proposed “make and take” leaf electroscope and pith ball electroscope to help students understand static electricity.   For apparent changes in weight I provide a simple modification to the “modified Atwood” apparatus that requires teachers to purchase an inexpensive digital lab scale, not from a science supply catalogue, but from the Harbor Freight tool catalogue.  Overall I have tried to find ways to make Physics more financially accessible to both teachers and students.  
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Both Electricity and Apparent Changes in Weight are two standard topics included in the New York State Physics Core Curriculum.  I begin with a proposed “make and take” leaf electroscope and pith ball electroscope to help students understand static electricity.   For apparent changes in weight I provide a simple modification to the “modified Atwood” apparatus that requires teachers to purchase an inexpensive digital lab scale, not from a science supply catalogue, but from the Harbor Freight tool catalogue.  Overall I have tried to find ways to make Physics more financially accessible to both teachers and students.  

A primary topic that is addressed by the New York State Regents Exam in Physics (Regents Exam) is Electricity.  I usually begin teaching this unit with Static Electricity.  There are a plethora of labs that can be used to demonstrate the concepts related to this particular topic   However one of the obstacles that I have faced in my attempt to demonstrate these concepts is the shear expense of some of the standard equipment that is required.  

The Regents Exam consistently asks students to relate their knowledge of static electricity to the operation of a leaf electroscope.  When this topic is taught a teacher would like to have students use a leaf electroscope to discover the static electric phenomenon for themselves.  The typical square electroscope, with glass windows, that would be used for this laboratory exercise can cost upwards of forty-five dollars each when purchased through the science supply companies.  Ideally a teacher might have students work in pairs; therefore a class of twenty-four students would require twelve electroscopes.  This would bring the total cost for this activity to five hundred and forty dollars.  If multiple teachers need this equipment simultaneously this can become extremely expensive.  A teacher could also follow a suggestion published in a 1968 article in The Physics Teacher (Hilton, 1968).  The professor proposes using one electroscope purchased from a science supply company and placing it on an overhead projector to demonstrate the static electric phenomenon.   This way a science department might only need a few of these electroscopes but the phenomenon would only be modeled for the students.  Today we consider modeling as the first step in teaching.  It is always preferable to give students direct, hands on experiences.


I have developed an inexpensive solution that the students seem to enjoy.  Rather than spending an inordinate amount of money to use the “professional electroscopes”, the students in my classes create their own electroscopes, which they can later bring home and use to demonstrate the concepts related to static electricity for their family members.  This is a big plus, because, as educators we all know that when someone is capable of explaining and demonstrating a phenomenon to others, they have probably understood it themselves!

The assembly of this “make and take” electroscope requires simple materials that all teachers and/or students have readily available. You will need standard large paper clips (solid not notched), scotch tape, heavy duty aluminum foil, 5x8 index cards and a metric ruler.  The total out of pocket cost for a teacher would be about four dollars for three classes of 24 students each.  Once all of the materials are on hand students will need to follow the following steps for building the electroscope:  

1. Cut the index card in half lengthwise.

2. Fold each of the two parts in half (perpendicular to the lines on the card).

3. Fold a one-centimeter tab at one end of each of the two pieces.

4. Attach the two pieces to each other by taping the tabbed end of one piece to the straight end of the other.  Repeat for the other side.  At this point you should have a square frame. (See Figure 1)

5. Take a large paper clip and lay it down flat on the desk.  Fold the small loop away from the larger loop at the point at which the wire ends so that the loops are perpendicular to each other, and both loops still exist. (See Figure 2)

6. Using a pencil point (or any thin sharp object), poke a hole in the center of a side of the square frame (this will be the top of the electroscope)

7. Feed the large end of the paper clip through the hole until the short loop rests flat on the index card.  (the student may need to unfold the paper clip to accomplish this.) Tape the short loop to the index card for stability.

8. Using aluminum foil cut two strips approximately one centimeter by three and a half centimeters.  These will be the vanes of the electroscope. (See Figure 3) 

Once the aforementioned steps have been completed the students will each possess their very own leaf electroscope that is capable of detecting the static electric phenomenon.  However, there is still one element missing that is necessary for this apparatus to be fully functional; a charged object.  The standard lab requires one to use an ebonite rod with fur or a glass rod with silk to supply the charge.  The ebonite rod will become negatively charged when rubbed with the fur or the glass rod will become positively charged when rubbed with the silk.  If you happen to have the standard charge holders then those should be used to conduct the lab.  If you lack these, often expensive, rods then an inexpensive substitute that can serve as a negative charge is a piece of Styrofoam that has been rubbed on your hair or fleece sweatshirt.  You could also use a balloon to demonstrate this phenomenon if latex allergies are not an issue. Unfortunately I have been unable to find a substitute for the positive charge. 


When students begin to conduct this lab and test the rod for charge, the vanes of the electroscope will clearly diverge.  However if they were to remove the charged Styrofoam from the paper clip the vanes will quickly fall.  I have found that taking a small amount of aluminum foil and compressing it into a ball to serve as a knob makes for a more robust electroscope. Simply attach the aluminum ball to the top of the paper clip which will cause the vanes to stay diverged for a longer period of time when charged by conduction. (See Figure 4)


Having students make their own electroscopes is not a new idea. Although an alternative suggestion that is not as simple and straightforward as the one that I have proposed, it is definitely acceptable if time is not an issue.  Edge (1984) admits that “one of the problems in devising experiments employing cheap and easily available materials for “string and sticky tape” experiments has been to find equipment for electrical experiments – particularly electrostatic experiments”. (Edge, 1984)  He suggests creating one’s own electroscope by using soft drink cans which are both readily available and extremely easy to work with.  He provides the reader with all of the necessary steps that one must follow in order to complete the electroscope. The problem is that the construction requires many more steps and “careful cutting and assembly of several components”. (Connelly, 1990)   In 1990 a teacher from Appalachian State University proposed building a simpler soft drink can electroscope using only a Styrofoam cup, aluminum foil and the can.  This is definitely an alternative that could be used instead of the “professional electroscopes.” (Connelly, 1990)

In addition to the leaf electroscope the New York State curriculum will ask students to relate their knowledge of static electricity to the operation of pith ball electroscopes.  Again, the cost of buying the “professional” pith ball kits is more prohibitive than the alternative that I am proposing.  For this “make and take” experiment the only materials necessary are a can of aluminum paint, Styrofoam packing peanuts and thread.  Before class begins the teacher must spray the packing peanuts with the paint and allow them to dry.  This also works without the paint if you so desire.  The steps are quite simple and begin with the students tying the packing peanut to a length of thread so that the peanut hangs twelve to fifteen centimeters long.  Next the student must place a textbook one-third off the edge of the desk and tape the end of the thread to the textbook.  Again using the charged Styrofoam conduct the lab as if it were the “professional” equipment.


The topic of Electricity is not the only area in the New York State curriculum that can be made more accessible to students and teachers with homemade apparatuses.  Force Interactions are also an important topic addressed in the curriculum as it “illustrate(s) both Newton’s Second Law and the use of the free-body diagram(s).” (Benenson, 1989)  Demonstrating the apparent change in weight due to an applied force, a typical physics question asked of students, involves stepping on a scale in an elevator.  Students are asked to consider the reading on a bathroom scale if the elevator accelerates upward or downward, as compared to the baseline reading (before the elevator moves).  As all Physics teachers know, the mass of an object does not change, however its weight is relative to gravity, or in this case, affected by the rate of acceleration of the elevator.  Larry Jensen best explains the purpose of the elevator experiment as he attempts to illustrate the phenomenon for two students in the U.S. Steel building in Pittsburgh.  He explains to an onlooker that “the upward force as the elevator accelerates seems to increase our weight temporarily.  When we stopped accelerating a moment ago, our weight returned to normal.  The elevator force and the tug of gravity are equal now.  In a few seconds we’ll all seem to weigh less as the deceleration takes place.”  (Jensen, 1976)  

Although understanding the principle of apparent change in weight would be invaluable for physics students, the elevator experiment itself is basically impossible to implement in today’s high schools.  Some might be fortunate enough to have an elevator in their building to try this demonstration, however there are many things to consider.  For example, the elevator may move so slowly that there might not be a noticeable or sustained difference in weight.  In addition, no more than four to six people will fit in the elevator at one time making supervision of the class difficult and causing the demonstration to take a relatively long time.  


There is a way that you can demonstrate this principle in class by creating a simple modification to the “modified Atwood” apparatus (a demonstration that shows the mathematical and graphical relationship between mass and acceleration, given a constant force) that requires the replacement of a mass with a piece of cardboard that a digital lab scale will rest on.  This can afford your class an “eyes on” opportunity to witness this phenomenon.  In relation to the cost of this experiment, the only problem would be with the expense of the scale itself.  Teachers could use a digital lab scale purchased from a science supply catalogue.  These catalogues sell digital lab scales ranging in price from one hundred and sixty seven dollars to four hundred and twenty nine dollars depending on the capabilities of the scale.   This is highly expensive considering that similar scales sell from ten to forty dollars in the Harbor Freight Catalogue. http://search.harborfreight.com/cpisearch/web/search.do?keyword=digital+scale   For the cost of one of the lower end scales in the science supply catalogues, you might purchase eight scales from Harbor Freight.  It is obvious that having digital scales available to physics students makes for more precise data collection.  In addition, labs can be modified to use these scales not only to enhance the values taken but also to demonstrate physics phenomena that might otherwise have to be explained rather than observed.  

For this particular demonstration students will need a sturdy piece of cardboard (the thicker the better) cut into a square large enough for a digital lab scale to rest on, string, two pulleys, uprights and a crossbar.  Four holes must be punched, one in each corner of the cardboard; a piece of string must be tied to each corner.  The four ends of the string should be tied together so that you have the outline of a pyramid approximately thirty to fifty centimeters tall at the center depending on the type of uprights and crossbars available to you.  Use two upright bars a meter apart (if your student desks are not outfitted with holes for upright bars).  To each upright attach a bar perpendicularly so that the end of each bar juts out in front of the desk. Attach two pulleys, one on each end of these bars. At the back end of these bars attach a crossbar for stability.  At one end hang a one-kilogram mass from the pulley approximately one-half to one meter (again depending on the equipment you have available to you) above the ground and run the string across to and over the other pulley.  Attach the string to the cardboard tray, which should be resting on the ground.  Place the digital lab scale on the tray.  Place a one hundred gram mass on the tray and record the reading.  Hold the electric cord of the scale, making sure there is enough slack so that it will not have an effect on the motion of the scale.  Release the mass and observe the apparent change in weight! (See figure 5)

It is not necessary to raise the scale over a large height to get good results: moderate height also prevents the scale from slamming to a halt.  However, depending on the hanging mass used the scale can move fairly quickly.  You may want to video the process from above so that the class may see the results more easily. Alternatively, if your budget allows for multiple digital scales and equipment set ups, you may want to have students conduct the experiment at their desks, conducting multiple trials using varying masses. Also, I would not recommend doing the reverse (dropping the scale).  Although the results would be as valuable, you run the risk of slamming the scale into the ground or stopping it abruptly and causing it to swing into your desk.  Each trial will illustrate the effect of mass and acceleration given a constant force in a way that aids student understanding of a complex concept.


This article addresses a very real problem in today’s Physics classrooms.  Textbooks and lab manuals require teachers to use equipment that is overly expensive.  As the size of our nation’s schools and classes become increasingly larger, the amount of money that will need to be spent to outfit a Science Department with the necessary materials to teach their students would simply become prohibitive.  I have proposed several demonstrations and modifications to experiments that can be conducted relatively inexpensively while continuing to maintain the integrity of the physics phenomenon.
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