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Introduction

Electric potential and electric field are two concepts basic to our understanding of electrostatics.  In this lab you can gain familiarity with them by sketching equipotential lines, electric field vectors and electric field lines produced by charged conductors. It is important that you understand the basic definitions and properties of equipotential lines, electric field vectors and electric field lines are before you come to the lab. If you are confused by these terms it is recommended you talk to your lab instructor, discussion leader or go to the physics forum for help.

[image: image3.wmf]
Theory and Discussion

In this discussion it is useful to consider a small positive test charge q that can be moved around other charges to see what happens to it.
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Electric Potential

Consider a charge +Q sitting in space (Fig. 1).  We start bringing the test charge up to it and notice a force on the test charge repelling it from +Q.  If the test charge is at a and we move it to b, we will have to push on it, do work on it, to get it there.  Analogous to rolling a ball up a hill, the test charge has more potential energy at b than it did at a.  Electric potential V at a point in space is defined as the electric potential energy per unit of test charge:  


Thus Vb is higher than Va and Vc is lower than Va (the test charge could do work in moving from a to c).  The unit of electric potential is the volt (1 volt = 1 joule/coulomb).  Points a and d in the sketch are equidistant from +Q, so no work is done in moving q from a to d.  They are at the same potential as all the other points equidistant from a point charge +Q.  Connect these points and you have an equipotential line where the test charge has the same potential energy.

In this lab you use an electronic voltmeter which reads out directly in volts to trace out equipotentials for various charge arrangements.  This is analogous to mapping contours of elevation on a topological map.

Electric Field

Another useful concept in electrostatics, and electromagnetic theory in general, is that of the electric field.  It is regarded as a manifestation of the space surrounding charged particles and is discussed in depth in your textbook.  There you find it defined as the force experienced by a test charge q divided by the magnitude of the charge:  
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, with units of Newtons/Coulomb.  Electric field is a vector; its direction is the direction of the force that the positive test charge experiences.

In lab it is next to impossible to actually measure the force on the test charge.  However, there is an equivalent definition that is quite useful in lab:  
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 EMBED Equation.3  [image: image7.wmf] with units of volts/distance (in this experiment it is easiest to use volts/cm).  Electric field vectors are always perpendicular to the equipotential lines and point in the direction a positive test charge would move.  After you draw a map of equipotential lines, you can sketch some electric field vectors on it also, using the distance between adjacent equipotentials to estimate the magnitude of the field. In addition to electric field vectors one can also draw electric field lines. These are lines that show the direction of the electric force on an electric charge at a given point. They are useful because they show the general shape of an electric field in a region of space. They are often drawn so that, where the electric field vectors are closer together, the electric field strength is stronger and where they are far apart, the field strength is weakest. Note that electric field lines don’t show the direction (velocity) a particle moves at a given point. Nor do they directly show the magnitude of the electric force at a point like the electric vectors do. They do show the direction of acceleration of a charged particle (through F = ma) at some point in the electric field. 
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Experimental Procedure

[image: image1.wmf]The apparatus consists of a shallow tray of distilled water in which you place conductors in a specified configuration.  Then you attach leads from power supplies to the conductors so that you can charge them to +30 and -30 volts.  A sheet of grid paper is under the tray, identical to the grid paper that you record your data on.  

Fig. 2a
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Voltage is measured with a red probe connected to a multimeter set up to measure volts. The multimeter functions much the same way as the electrometer except you don’t have to constantly re-zero it. The basic set-up is shown here in Fig. 2a.   The power supplies and multimeter are connected together for you – all you have to do is connect the leads to the conductors. To better understand the wiring a simplified diagram is shown in Fig. 2b.

Note: the + and - connections on the power supplies have been reversed to make the wiring easier to understand.
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Getting Ready

First check the water level. If it is below 0.5 cm add water until it is between 0.5 and 1.0 cm. There is a stainless steel container you can use to transfer water from the distilled water barrel to your station.
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From the front table pick up one paper grid labeled grid C. See Fig. 3. The grid has lines spaced every centimeter. It also has outlines of the small electrodes and the outline of the large ring electrode. The grid consists of two sheets of paper, an original (the top white sheet) and a carbonless copy sheet (the lower yellow sheet). When you have completed recording data on the grid you should separate the papers. You and your partner will then each have a set of data so you can draw your own contours. When you are ready to make the second map, tape the two grids back together, record the second set of data, then again separate the sheets so both of you can draw the contours.


At your station are three conductors, two small cylindrical conductors (with wires from the power supply connected to them) and one large ring conductor. See fig. 4. In this part of the lab you will only use the two small electrodes. The large ring electrode will be used later.

•  Pick the two small cylindrical conductors. Place them on the grid paper with their centers located at the x,y coordinates 10,12 and 30, 12. The grid paper under the tray is already marked for you. Do not put the ring conductor in the tray at this time. 

•  If not already connected, connect the lead from the left-hand power supply to your left-hand conductor; likewise with the right-hand ones.

•  Turn on the multimeter by turning the large switch handle to the 200 VDC range. Touch the red probe to the left-hand conductor and turn up the voltage on the left-hand power supply.  Set it to -30 volts as read on the multimeter.  Do the same with the right-hand conductor, bringing the voltage up to +30 volts.

•  Now you are ready to begin.  

Making the First Equipotential Map

The technique for measuring voltages is very simple – hold the probe vertically (that's important) in the water and move it around.  As you move it from one conductor to the other, the voltages changes smoothly from +30 to -30 volts or vice-versa.

•  Record the voltage of each conductor on data grid C.

Mapping the Equipotential Lines

•  Start with the -20 volt equipotential.  Find a point in the water where the voltage is -20 volts.  Record that point on your data grid.  Then move a couple centimeters away and find another -20 volt point and record that.  Place a small circle around each data point to make it easier to locate them.

Do not be too careful in locating the voltages. You have two maps to do so pace yourself so you finish this map in 15 to 20 minutes.  Spend more time where the voltage contours are closer together, less time where they are far apart. One you have started your map, do not readjust the voltages or inadvertently bump the electrodes until you have obtained data for the second map.

 
Continue to locate –20 volt points until you have a pattern of dots that either reach to the edges of the paper or until the dots form a closed path. Identify the dots so you know they all are at 20 volts potential. 

• Repeat this process to make equipotentials for -10v, 0v, +10v, and +20v.  

When you have completed recording voltages separate the two sheets. Each person now has a copy of the original data. Now, for each potential, using a colored pen or pencil, connect the dots with smooth lines and, voila!, an equipotential line emerges. The rule for potential fields is the lines of equipotential form smooth curves. One does not expect radical inflections in lines of potential, especially far away from any sources.  Make sure you label your potential lines with their voltages so you know which line is which.

Drawing Electric Field Vectors

The "lab" definition of electric field as 
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 indicates that the electric field is high when the equipotential lines are close together and low when they are far apart.

•  At point C, calculate the electric field just as we did in the pre-lab. Estimate the magnitude of the field and draw the length of the electric field vector accordingly.  Label the vector with your numerical estimate, in volts/cm.

•  Do the same at point D.

•  Specify the value of the electric field on the solid part of each conductor.

Drawing Electric Field Lines

Now draw electric field lines on your potential map. Draw sufficient field lines to get an idea of the shape of the electric field most everywhere on the grid paper. In addition to any other lines you draw make sure you draw at least one line across the axis of symmetry. Also draw a couple lines that start on the back side of each of the electrodes. Also draw electric field lines through points C and D. Don’t forget, the electric field lines should be at right angles to the potential lines.  This means your electric field contours won’t necessarily be straight if your plotted potential contours don’t exactly match the ideal situation. Don’t try to make the field lines perfect. Just get them close. Traditionally, the electric field lines are drawn closer together where the field is strongest and farther apart where the field is weakest. Do the electric field lines you drew reflect this condition? (Don’t redraw your electric field lines if they don’t – you need to spend time on other parts of the lab.) Finally, does your map of field lines look anything like the picture of a dipole electric field in your text?  

A question to answer.

•  If you placed an electrical charge q somewhere between the two electrodes, where would the force on the charge due to the electrical field be strongest? Where would it be weakest? Explain your answer.

Making the Second Equipotential Map

You will now record new data on your grids to determine what effect a large circular conductor has on the potential and electric fields.

• Lay the grid papers over each other as they were when you recorded the data for the first map. Tape the edges together so the grids don’t slide around.

 • Place the ring conductor in the tray with its center at 6, 24. 

•  Continue recording data on Data Grid C. Draw triangles around the data points to differentiate the data from that obtained previously. Determine which potential lines have moved significantly as a result of putting the circular conductor in the tray. (Only the potential lines near the conductor should have changed significantly. To save time concentrate putting data points around the conductor  - where you expect the potential lines to change the most. 

•  Also record the voltage on the ring conductor and in the hollow area of the ring conductor. 

•
Now you have two maps that differ only by the addition of the third conductor. Discuss the differences in the maps. Comment on how the electric field lines changed as a result of adding the third conductor. Also include in your discussion some comments on the voltage of the third conductor and the electric field in its solid and hollow parts. Are these measurements what you expect?

•  Finally, recalculate the electric field vectors at points C and D. Did they change significantly? Why or why not?
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Fig. 2b





Fig. 3. Data Grid C





Fig. 4. Electrodes
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