Tech Tip

Subject …..Resonance

Q.    What does it take to tune and create an RF signal?

We can find the answer in the formula for a resonant frequency:

                                                          ___106____          (106 = 1,000,000)
Fo (frequency of operation, KHz)   ═    2 π √ LC
π  = 3.14159    L = inductance, uHy    C = capacitance, pF
                                                     ____106____         (it will get simpler, 

Simplified, the formula is     Fo = 6.283 √ LC              stay tuned in)
As you can see, the only two components necessary are a coil (L) and capacitor (C). 
This formula however does not in itself create a signal. Rather, it defines the components necessary for a certain frequency of operation. Let’s do an example, then talk a bit about the bare minimums of a simple RF transmitter,….of sorts.
If we want to build a resonant circuit (let’s call it a Tank circuit), we first have to decide on a frequency. Or, we could have a few components on-hand, and desire to find their frequency. Maybe you have a coil, and need to find a capacitor which will cause a resonance at a certain frequency.

It’s not all that hard to do; endure to the end if you can. We will break the formula down into 2 other parts. What we will do is derive a separate formula for finding L or C, if you already have a frequency in mind.

Example:

I want to tune a circuit for 40M, and I have a 33 pF capacitor. What value coil do I need?

OK, first let’s tear the Fo formula apart, and derive one for L and C.

If                ____106____                                          
         Fo =  6.283 √ LC       then,  Fo x 6.283 x √ LC  = 106        Likewise;
                                                                                 2
                  ____106____                    ____106____    

√ LC =       6.283 x Fo     and,   LC =    6.283 x Fo        We took away the square 

root sign, √ , so we must square everything on the other side of the formula.

Don’t give up, it will get easy! ..er   All good things go thru growing pains!

So…, you still interested in engineering??

Then if all the above is true,….(it is), then we can have the following:

                                                              
                                                                ____106___  _ 2
L (coil inductance in micro Henry’s) =        6.283 x Fo 

                                                                         C         

C (capacitance in pico Farads)  =          _____106____ 2
                                                                   6.283 x Fo             

                                                                         L
OK, time to make it so simple that even,….well, let’s do the best we can.

Pick a 40M frequency. How about 7.150 MHz?  Since the formula asks for the frequency in KHz, you must change to 7,150 KHz…OK?
Now, let’s get rid of some funky numbers and make them simpler, such as 6.283 times Fo. This becomes 6.283 x 7,150 KHz = 44,923.45.

The formula says that we must divide 106 (1,000,000) by 44923.45. OK, that’s 22.26. But you are not done yet. See the small 2 outside the right bracket?  That means that we must multiply our 22.26 times itself; (square the number). So,
22.26 x 22.26 = 495.51…rounded off.
Now, the next step is to divide our answer, 495.51 by the capacitance, 33 pF and you will get the coil inductance needed for resonance at 7150 KHz,= 15 uHy.

You can also do the same thing to find the capacitance required if you have a 15 uHy coil. Just divide 495.5 by the coil value of 15 uHy and you get 33 pF.  
Now, there is an even easier way!!   If you stuck it out, here is a short cut.  You don’t have to go thru all of the above,….Just use this formula:  
You may recall this formula: 

                                          
            ____106____ 2    This means to multiply your operating frequency by
LC =      6.283 x Fo          6.283, and then divide 1,000,000 by your answer.

                                         Then, multiply that number by itself.                                      
Example:   Operating frequency (Fo) 7150 x 6.283 = 44923; divide 1,000,000 by 44923 and you get 22.26, square that, and you have 495.5  Divide that number by the L or C to get the other value. 

You may cheat here:  http://www.ham-radio.com/lc.html
Let’s move on to why/how does this “Tank” circuit create a resonant frequency?

You all have heard of a RC time constant right…? That’s what you have when a capacitor either charges or discharges thru a resistor. The cap cannot charge or discharge instantly because of the resistor.  There is no difference in RF circuits, only the type of components involved. The short form is:
A charged capacitor will try to discharge thru a coil connected in parallel or in series with it; but it cannot do it instantly because the coil has an impedance, (Z) (resistance) just like a resistor. The value of the coil impedance depends on the number of turns, physical features, and the operating frequency.

So, a charged cap will try to discharge thru the coil, the coil will then have a current going thru it. It will then develop a magnetic field, like a small electromagnet. Eventually, the cap cannot discharge any longer, so the coil cannot stay charged with a field. The magnetic field will collapse thru the coil windings, creating a generator effect which develops a opposite polarity voltage across the cap…..did you get that it is now AC? A coil will always discharge with an opposite polarity voltage to that which caused it to be come “charged” (Lenz Law).
The cap is now charged again, and the whole affair starts over. We have oscillation! In the perfect world, the oscillation will never stop IF….you have a perfect coil and capacitor with NO LOSSES. (right)  So that is why you will need a transistor or tube amplifier circuit to remove the losses. 

But, you really only need a coil and cap to create an RF signal for a very short time. Just short a charged cap with a coil, and you will get an oscillation at the Fo for a few microseconds. 
In April at the beach outing, you will hear a CW signal transmitted using only an L and C, a ground, and antenna made from a shoe and a few cans. See you at the beach. 
Hope this helped some of you. 

Bob  KA4VIV

