Inductors and Capacitors


EE 211


Introduction





An inductor is a circuit element that can store energy in a magnetic field.  Magnetic fields are produced by movement of electric charge such as electric current flowing in a wire.  Thus even a very short length of wire has the property called inductance, although the inductance value is quite small.  Larger inductance values are achieved by increasing the magnetic field strength associated with a given current.  This is accomplished by winding coils of wire and using high-permeability materials.





A capacitor is a circuit element that can store energy in an electric field.  Large capacitance values are achieved by increasing the charge stored for a given potential difference.  This is accomplished by using structures with large effective area, small separation, and using high-permeability materials.  Students should be aware that even very simple structures such as two adjacent wires on a breadboard have the property called capacitance, and although the value is quite small, these stray capacitance may cause unexpected results in high-impedance, high gain circuits.  








Equipment needed





	Resistors


	Digital Multimeter (DMM)


	Oscilloscope


	Inductors


	Capacitors


	Signal General


	Electronic solderless breadboard 


	


Background


 


The symbol for the inductor and capacitor are shown below along with the current-voltage relations.  Inductors are often called coils or chokes.





�


V = L (di/dt)


�


I = C (dv/dt)








Procedure





Part A - Inductors





     1. Use the DMM to find the resistance of the various inductors provided by your lab 	instructor.


     2. Sketch the different inductor designs.





What do all of these different shaped inductors have in common?


 


Part B - Capacitors





     1. Use the DMM to find the resistance and capacitance of the various capacitors 	provided by your lab instructor.


     2. Sketch the different capacitor designs.





What do all of these different shaped capacitors have in common?





Part C - Inductor





    1. Construct the test circuit shown in Circuit 1.


�


    2. Make R = 10000 ohms, and use the inductor provided by your instructor.


    3. Set the signal generator for a triangle waveform with amplitude about 10 V. and the 	frequency to 500 Hz.  The 10 V source in series with R approximates an ideal 	current source of amplitude 1mA. 


    4. Connect the oscilloscope as shown; Chan. 1 across R and Chan. 2 across L.  The 	inductor voltage is displayed on channel 2.  The inductor current is (V1 - V2/R).  	However, if VR>>VL, the inductor current is very nearly equal to V1/R.


    5. Use DC coupling for both channels (~5V/cm).  Trigger on channel 2.


    6. Adjust the oscilloscope controls for a single cycle on the screen, with both channels 	displayed.


    7. Sketch the waveforms for each channel.  Record all scope values for reference.  	Carefully record values for V and di/dt.


    8. Set the signal generator waveform to sinusoidal and repeat Part C.





Determine the value of inductance L, using the measured values of V and di/dt.  Remember to include the units!


Sketch and dimension the power absorbed by the inductor over the complete cycle.


Sketch and dimension the energy stored vs time over a complete cycle.





Part D - Capacitor





    1. Construct the test circuit shown in Circuit 2.


�


    2. Make R = 1000 ohms, and use the capacitor provided by your instructor.


    3. Set the signal generator for a triangle waveform with amplitude about 10 V. and the 	frequency to 500Hz.  The capacitor current is equal to the resistor current, which is the channel 2 voltage scaled by R.  For R = 1 kohm, 1 V represents 1 mA.


    4. Connect the oscilloscope as shown; Chan. 1 across C and Chan. 2 across R.  The 	capacitor voltage is displayed on channel 1.  The capacitor voltage is (V1 - V2).  	However, if VC>>VR, the capacitor voltage is very nearly equal to V1.


    5. Use DC coupling for both channels (~5V/cm).  Trigger on channel 1.


    6. Adjust the oscilloscope controls for a single cycle on the screen, with both channels 	displayed.


    7. Sketch the waveforms for each channel.  Record all scope values for reference.  	Carefully record values for i (V2/R) and dv/dt.


    8. Set the signal generator waveform to sinusoidal and repeat Part D.





Determine the value of capacitance C, using the measured values of i and dv/dt.  Remember to include the units!


Sketch a
