An Introduction to Programming – Part 6 !

Visual Basic Program 6 – RLC Series Circuit

One of the must important circuits that we have in linear electronics is the RLC series circuit.

This circuit can be used either to select one frequency from among many, or to reject a single frequency.  Calculations for resonant frequency and quality factor are a simple matter for the electronic technician, and for Visual Basic.
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More …

Selecting Values -  The resonant frequency is determined by L and C.  The starting values produce a tuned frequency of about 5 KHz, an audio frequency.  The value of resistance determines how much energy is wasted or lost by the circuit.  This is measured by the Quality Factor or Q of the circuit.  A high Q circuit is one that holds it’s energy very well, and results in a very narrow band of frequencies affected by the circuit.  As R increases, Q decreases, and the range of frequencies affected increases.  For an AM radio receiver, it is necessary to have a resonant frequency between 540KHz and 1650 KHz.  The Q must be such that the bandwidth is 15KHz.  Play with the values to see what R, L, and C can accomplish this. An answer is at the bottom of the last page.

The RLC Series Circuit – Background information for anyone planning on appearing on Jeopardy.

Electrical technicians use three basic electrical components in the design of modern electronic devices.   These are the resistor, the capacitor, and the inductor.

A resistor is used to limit electrical current flow.  Its ability to do this is determined by its ‘resistance’ to the flow of electrical current.  The unit of resistance is the OHM.  Resistors can have a small resistance to the flow of electrical current such as 10 Ohms, or it can have a high resistance to the flow of electrical current such as 10,000 Ohms. A piece of copper wire has a low resistance value and is considered a good conductor of electrical current.  Plastic has a high resistance value and won’t conduct electricity, and is considered an insulator. Resistance values can range from very small to very large.

Resistance is the element that produces heat.  A toaster, an electric oven or drier, curling iron, light bulb, all have resistance.  If it gets warm, it has resistance.  Your electric clock gives off some small amount of heat, it has resistance. We try to reduce the resistance in computers to reduce the amount of heat given off.  In this case, heat is just waste energy that we have to pay for.

A capacitor is used to store electrical charge. The amount of charge that can be stored varies depending on the size of the capacitor.  A unit called the FARAD tells us how much charge a capacitor can hold.  Actually, the FARAD is too big for practical use and most capacitors are measured in microfarads, or uF for short.

An inductor is a coil of wire that produces a magnetic field when an electrical current is applied to the wire.  The number of turns and the diameter of the coil have a lot to do with strength of the magnetic field that is produced.  When a current is applied to the coil of wire, a magnetic field builds up. When the current is turned off, the field collapses often causing a very large voltage.  This principle is used to produce the spark in your car that is needed to fire each cylinder.  The ability of an inductor to produce a magnetic field is called its inductance.  The unit of inductance is the HENRY.  Again, we rarely find inductors in the HENRY range in electronic equipment, and the milli-Henry is used, or mH for short.

Both the capacitor and the inductor can store electrical energy.  There is a particular electrical circuit that is very valuable in tuning radio and television stations that uses these two components together.  This is called an LC circuit.  Essentially the two components swap stored energy back and forth at a single, tuned frequency.  This is called the ‘resonant’ frequency.  When you tune a radio to a particular station, an LC circuit has its mH or uF adjusted to the station you want to listen to.

There is an equation that determines the frequency of resonance based on the L and C values.  This is implemented in the code part of the accompanying Visual Basic program. You’ll see it when you run the program.  If there is any resistance, some of the stored energy is lost or used up.  This resistance affects the ability of the circuit to tune a radio station.  Too much resistance, and you will end up listening to more than one station at a time.  The range of frequencies being tuned is called the ‘bandwidth’. Being able to listen to a single station depends on the bandwidth being less than 15,000 Hz. 

ANSWER TO  AM RADIO PROBLEM: Try R = .47 Ohms, L = 5uH, C = .01 uF

Enter L = .000005 and C = .00000001  This give a frequency of 711KHz, which is within the commercial AM radio band.

The Visual Basic program makes it easy to do a trial and error calculation to meet the specifications. The R value usually comes from the resistance of the wire that makes up the inductor!

