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Laboratory #1 - ELECTRIC FIELDS


                                                          


Object:





To experimentally investigate the concept of the electric field and to map (represent graphically) some field lines for particular charge configurations.





Background:





The electric field intensity is defined as the electrical force per unit of charge, or E = F/q.  Theoretically, the electric field is determined by using a positive test charge q and determining the force acting on it at every point in space.  The direction of the field is found by the laws of vectors and the rule which tells you whether the force is attractive or repulsive.





Since a free charge moves in an electric field by the action of the electric force, then work (W = F $ d) is done by the field in moving charges from one point to another (e.g., A to B ). To move a positive charge from B to A against the electric field would require work supplied by an external force.  The ratio of the work done W to the charge q in moving the charge between two points in an electric field is called the potential difference  VAB between the points:     VAB = W/q.





If a charge is moved along a path at right angles (i.e., perpendicular) to the field lines, there is no work done (W = 0) since there is no force component along the path.  No work means no potential difference from point to point.  Hence, the potential is constant along paths perpendicular to field lines.  Such paths are called equipotentials.  Thus, an electric field set up by charges may be "mapped" by determining the equipotential lines (equipotential surfaces in three dimensions) because potential difference is easily read by a voltmeter.   





Method:





The apparatus consists of a flat board on which is placed a sheet of carbonized conducting paper imprinted with a grid.  The sheet has electrode configurations of conducting silver paint which provide an electric field when connected to a voltage source (e.g., a battery).  The standard electrode configurations provided are two circular dots representing point charges of an electric dipole and two parallel linear electrodes representing a two-dimensional cross section of parallel plates.  Other nonsymmetrical configurations are also provided.





For each field investigation, sketch the electrode configuration on a sheet of graph paper using the same coordinates as those of the painted electrodes on the imprinted grid on the conducting sheet.  Then place the conducting sheet on the board and connect the conductor wires from the battery terminals to the two electrodes.  


�
Make connections to the electrodes with thumbtacks to hold spade lugs in contact with the electrodes.  Connect the voltmeter as shown in the figure below.
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Please do not write on the carbonized conducting paper.





Procedure:





(1)	The wire from the voltmeter which has a free end is to be used as a probe to investigate how the potential changes in the region between the two electrodes.  Since you will be graphing equipotential lines, first choose which equipotential line you will locate, for example, 0.5 volts.  





(2)	Place the tip of the probe against the conducting paper at various positions between the electrodes until you find a position such that the meter reads 0.5 volts.  When it does, you have found one point on that equipotential.  Record the point's coordinates.





(3)	Plot the point at the corresponding coordinates on the graph. 





(4)	Continue to locate and graph other points on the same equipotential line until you have a sufficient number of points to sketch the form of that equipotential line throughout the field region.  Draw a dashed line curve through the equipotential points.





(5)	Repeat the process for several other equipotentials which are spaced throughout the electric field region.





(6)	Since the electric field lines must be perpendicular to the equipotential lines, sketch smooth continuous lines to represent the mapping of the electric field. 





(7)	In addition to the two standard electrode configurations, select one non-symmetric configuration and map its electric field. 


�
Part 2 - Computer Aided Field Mapping 





To run the program FELD, change to the directory where the program is stored by typing





CD F:\FACULTY\PY_DEMO\KAISER\E_FIELD   	then type FELD to start the program.





The first screen that you see is just a copyright and title screen.


Hit <ENTER> to move on.





The next screen gives the commands to





	(1)	EINGABE  -			ENTER DATA FROM KEYBOARD





	(2)	RECHNEN  -		CALCULATE FIELDS





	(3)	AUSGABE  -		PLOT FIELDS





	(4)	DATEN LADEN -		LOAD DATA FROM DISK





	(5)	DATEN SPEICHERN -	STORE DATA ON DISK





	(6)	PROGRAM BEENDEN -	END





You must perform steps 1, 2, and 3 (in that order) before you can see a plot.





STEP	(1)	Move the highlight to EINGABE and hit <ENTER>.  The computer asks you if you want to start a new data set.  Answer "ja" for yes.  The arrow keys move the cursor right, left, up, and down.  F1, F2, F3, F4 move at a diagonal.  Move the cursor to where you want to start drawing the first conductor.  Hit <HOME> and enter the potential followed by <ESC>.  The potential on the outside edges of the screen is set at 0 for computational purposes; it is better to make one of your conductors positive and the other negative.  (The program also gives slightly better 3D graphs if you make conductors negative at the bottom of the screen and positive at the top of the screen but this convention is arbitrary.)  Now move the cursor to draw the conductor.  Hit <END> when you are done.  Now move the cursor somewhere else on the screen and draw another conductor.  Repeat as many times as you wish.  (You may erase conductors starting with <ALT>  <HOME>  and ending with <ALT>  <END>).  Hit <ENTER> after you have finished drawing.  Note that the more complicated your electrode arrangement is, the more time the calculation takes.





STEP	(2)	Highlight RECHNEN and hit <ENTER>.  This screen is asking you if you want to change the default parameters for the calculation.   You don't!  Just hit <ESC>.  Now wait while the calculation is done.  The number on the screen is the number of iterations that have been done by the calculation.  When the message "weiter mit tastendruck" appears hit <ENTER>.


�
STEP	(3)	Highlight AUSGABE and hit <ENTER>.





		This brings up a new menu.





		(1)	Aquipotentiallinien zeichnen  	-Draw Equipotentials


		


		(2)	Feld lienen ziechnen	 	-Draw Electric field





		(3)	3 Dimensionale ausgabe		-3D Plot





		(4)	Ausgabe beenden			-END





		Hit <ENTER> with the equipotential option.





STEP	(4)	You now see three more menu items.





		(1) 10 aquidistante Linien		-10 equidistant lines





		(2) Linien nach eigener Wahl	-choose your own lines





		(3) zuruck zum Ausgabe-Menue	-exit to previous menu





Move the highlight to the center block and hit <ENTER>. Now enter the number of equipotential lines into the n= table entry.  Then fill in the values of the equipotential lines you want plotted.  Fill in as many values as you specified with the n parameter.  I recommend that you choose values spaced equally between the lowest and highest voltages that you placed on the conductors in STEP 1.  Hit <ESC>.  After the picture finishes drawing, the program asks if you want hard copy "AUSDRUCK ERWUNSCHT?"  Answer "Nein".  Then hit <ENTER>. You are back on the menu.  (You can also try the first choice and let the computer pick the lines for you.) Highlight the bottom block.  Hit <ENTER>.  You will be back into the "AUSGABE" menu.





STEP	(5)	Highlight "FELDLINIEN ZEICHNEN" and hit <ENTER>.  When you have finished with the picture exit as in STEP 4.





STEP	(6)	You may look at the 3D picture if you wish.





STEP	(7)	Move the highlight to "AUSGABE BEENDEN" and hit <ENTER>.





Repeat the above as many times as you wish.  HAVE FUN!





Move the highlight to "Programm Beenden" to exit the program.  Answer "JA" to the question "Programm wirklich beenden? (j/n)".
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