
Gain: Av = v(out) / v(in) ≈ Rc / Re(
Where does the approximation, Rc / Re come from?
Amplifier: DC Model of circuit – This is how it looks to us:
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                                                            Fig. 1
Signals do not “see” the circuit like this. We see what it looks like to a DC current.
Capacitors are transparent to high frequencies and signals “see” the supply voltage rail Vcc and earth as the same potential: zero. Signals short-circuit the supply. So the circuit layout looks like this to a signal:
                                                             0 V                                           0 V
Signal Model (a.c. model)
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Signal model if RE is not by-passed can be redrawn like this:
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                                                                   Fig. 3
Or if Re is by-passed:




VIN
                                                Fig. 4
· You see that the signal sees R1, R2 and (rbe + Re) in parallel. So the input signal v(in) appears equal across all of them.
· Also the signal “sees” the emitter and the collector tied to the same common potential, earth. Thus these amplifiers are called CE Amplifiers: Common Emitter. 
Therefore 
vin = ie x (rbe + Re)   for no by-pass capacitor.
vout = ic x Rc

ie ( ic Taking ratios:

If Re is large compared to rbe then v(in) ≈ Ie x Re and Av = Rc / Re  
If the amplifier has a by-pass capacitor (Fig. 4), then  vin = ie x rbe
giving Av = Rc /rbe and this will give a higher gain than the non by-passed amp.
Signal model of a transistor:

To a high frequency a.c. signal a transistor looks like a constant current source coupled to a diode and a small base-emitter resistance rbe (used in fig. 4 above):


                                        =                   

                                                                     
                                                        rbe

                                               Fig. 5
Most CE (common Emitter) amplifiers are swamped meaning Re is only partially bypassed.



                            Re1



                               


    Ce
                            Re2


                                                                          Fig. 6
This reduces the gain (increasing bandwidth), still provides some DC feedback and reduces to some extent the effect of Re on A.C. behaviour.
In summary: AV = Rc / Re(
Where Re( = rbe +Re

 if Re not by-passed.

            Re( = rbe   

 if Re is by-passed

            Re( = rbe +Re1 
 if only partially by-passed  
            Re( ( Re

 if Re >> rbe
The whole approx. Av = Rc / Re has to be used with care as it is effected greatly by whether Re is:– not bypassed, completely bypassed or only partially bypassed.

I hope it’s not a formula students are expected to know and use.
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rbe = base-emitter resistance to an a.c. signal. (Usually only a few ohms to a.c.)
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Av = Rc / (rbe + Re)  
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