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Physics 121 

Lab 1:  The Electric Force Law—the Experiment
We will experimentally determine the powers of the parameters in the electric force equation.  Each lab group will test the dependence on just one variable.  Then, as a class, we will put all the results together and obtain our own empirically based equation for the electric force law. 
Set-up: The apparatus, depicted in Figure 1, consists of two conducting hollow spheres, created by ping pong balls painted with a conductive coating.  One of the balls is mounted on a translational mount, while the other is mounted onto a horizontal arm connected to a vertical wire.  The vertical wire can be twisted to apply varying amounts of torque on the second ball.  The vertical wire plus horizontal arm is called a “torsion pendulum.”
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Figure 1. Schematic of Electric Force balance.

The spheres can be charged by touching them with a high-voltage probe.  The spheres are given charges of the same sign and thus repel each other, causing the torsion wire to turn.  The electric force of repulsion acting on the ball attached to the torsion pendulum produces a torque given by 

 = rarm Felec
where rarm is the length of the arm.  The wire can then be twisted in the reverse direction to produce a reverse torque.  When the ball is returned to and held at its initial position, the torques are in equilibrium and so the torque due to the twisted wire equals the torque due to the electric repulsion of the balls.  The torsion pendulum is designed so that the amount of rotation of the vertical wire, , is directly proportional to the torque applied, i.e.  

 ~ k

Therefore, when the torsion pendulum is adjusted to return the ball to the initial position we have

rarm x Felec ~ k
and, therefore, the force of repulsion of the balls must be proportional to the angle that the wire was turned.  The distances between the spheres and the amount of charge on the spheres can be varied, so by measuring the angles needed to get the torsion pendulum to balance for a varying distances or varying amounts of charge, you will infer the relative strength of the electric force as a function of either of these parameters.  

 Procedure:  CAUTION!  HIGH VOLTAGE! Don’t turn on the power supply before your instructor approves your set-up (step #6 below).
1. Ground the spheres with the ground probe.
2. Slide the translation mount as far from the hanging sphere as you can.

3. Use Vernier calipers to measure the diameter of the sphere on the translation stage, divide by 2 to get the radius, and record this value as ‘a’ in a data table in Excel.  

4. Free the arm of the torsion pendulum and check that the etched line in the metal plate connected to the ball matches up with the line attached to the base when the system is at rest with no charges applied.  If they don’t line up, turn the torsion pendulum until they do.  Read the dial on top and call this your “zero point.”  You will need to subtract this number for all your future angular displacement measures.

5. Slide the translation mount back until the spheres just touch.  Adjust the mark on the slide so that it shows the correct distance between the centers of the spheres, which is twice the radius (i.e. 2a).
6. Have your instructor check your set-up.   
7. Move the spheres as far apart as possible again. 
8. Turn on the power supply and set the potential to 6 kV. 
9. Position the sliding sphere at the 10-cm mark and then charge both spheres by touching each with the probe for a count of 5 seconds.  And then turn the power supply off.
10.  Adjust the torsion knob until the lines on the balance match up again.  The first time doing this it make take you a little bit of time, during which the balls may lose some charge to the humidity in the air.  If so, charge the spheres again (turn power back on, touch each sphere for a few seconds) and measure the torsion angle again.  This process can be shortened, time-wise, by having one partner constantly setting the angle while the other charges the spheres.
11. Record the separation distance (10 cm), the voltage used, and the angular displacement, , that the torsion pendulum was turned in your data table.  
12.   Ground the spheres, adjust the parameter you are testing, and then recharge the spheres.  Re-adjust the torsion knob to get it to balance again.  Record the new  along with the new value of the independent variable.
13.   Repeat using 4 to 6 more values of the independent variable.  Be sure to ground and recharge the spheres before each measurement.  
14.   Repeat all measurements for a total of three times.
Data Analysis (must be finished by tomorrow):
To make the discussion less cumbersome, let’s refer to your own independent variable as ‘x.’
1. Calculate the average  for each value of x.
2. In Excel, plot average versus x.  (average  on the vertical and x on the horizontal axis).  What does the curve look like?  If it is not a simple linear relation, do step 3.  If it is a linear relation, skip to step 4.
3. Make two new columns representing log(average) and log(x) and make a plot of log(average) versus log(x).  (Remember, that ‘x’ represents your own independent variable...so be sure to label your data table and plot appropriately, i.e. don’t type ‘x’.)  Does it look like a linear relation now?  Try fitting a straight line by adding a “trendline.”  Display the equation on the graph. The slope, m, of this line is the power in the relation 







 ~ kxm.  

      What is the value of m according to the trendline?  (With pen and paper, take the log’s of 

both sides and show that the slope of the log-log plot is the power in the initial equation.)

Regression Analysis

4. Click on the “data” tab, and in the upper right corner select “analysis analysis,”

5. A menu of options pops up...scroll down and choose “regression.”  

6. Select all the x-column data, then click in the y-column box and then select all the y-column data.  Click OK.

7. A new Excel sheet of numbers will pop up.  You are only interested in the numbers to the lower left.  The “coefficient of the x-variable” is the slope of the regression and its “standard error” is the uncertainty of the slope.  Note your final result—the slope of the relation (the power of x in the force relation) and its uncertainty.  
Bring your results to class tomorrow, and we’ll share results and assemble the whole equation.  
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