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Generalities


The angular modulation M consists on making that the signal useful vm enters in the instantaneous phase of the carrier, and that we have denominated . As this variable it is depending of other two according to


vo(t)  =  Vc cos (ct + )


  =  ct + 
the M  can be made in two ways


— freqcuency modulation (MF)


— phase modulation (MP)

that is to say, the first one will imply that the frequency c will vary to rhythm of the modulating vm (instantly as i), and the second it will be with their initial phase .


We will see that both modulation types are similar, and calling i to the frequency of instantaneous carrier, they are related among them for a simple derivation


i =   t

and in the transformed field of Laplace


i = s 

Returning to their generalization like M, we can deduce that, being the modulating


vm(t) = Vm cos mt

for both cases the carrier frequency will go varying according to the rhythm of the following expression


i  = c + c cos mt 

and of where it is deduced


  =  it  =  ct +  sen mt 


  =  c / m
being denominated to  like index of angular modulation; and being the modulation finally


vo(t) =  Vc cos   =  Vc cos (ct + )  =  Vc cos (ct +  sen mt ) 


If we want to know the spectrum of harmonic of this modulation type, we can appeal to the abacus of Bessel according to the following disposition


vo(t) =  Vc { J0 cos ct +  J1 [cos (c + m)t - cos (c - m)t]  +


          +  J2 [cos (c + 2m)t - cos (c - 2m)t]  +  ...




and if what we want to know is the band width normalized B we use the following one other, where it is defined it in two possible ways


— wide band (B    5  being B ~ 2c) 


— short band (B  <<  /2  being B ~ 2m) 





Another way to estimate the band width is with the abacus of Carson. Of this graph a multiplier M is obtained according to the following form (the original graphs possess as parameter the module of the harmonic ic among 0,01 Ji  0,1 for what we clarify that it is an interpolation average)


B  =  2 M m




For short band we can simplify the equation and to arrive to didactic results. That is


vo(t) =  Vc cos (ct +  sen mt ) =


       =  Vc [ cos ct cos ( sen mt) - sen ct sen ( sen mt) ]  ~


       ~  Vc [ cos ct - sen ct ( sen mt) ]  =  


       =  Vc { cos (ct) + (/2) [ cos (c + m)t - cos (c - m) ] } 


B  =  2 m




On the other hand, when the modulation is made in low frequencies and then it increases it to him, it is necessary to have present that changes the modulation index, and therefore also the band width. Let us see this when it multiplies the frequency N times


vo(t) =  Vc cos N  =  Vc cos (Nct + N sen mt )

Freqcuency Modulation (MF)

Generalities


In this modulation the apartment of the carrier frequency c is proportional to the amplitude of the modulating Vm, and the speed of its movement to the frequency of the modulating m


c = k1 Vm

it  =  k2 m  =  2t2
and we repeat the general expressions


vm(t) = Vm cos mt


vo(t)  =  vo cos (ct + )


  =  ct +   =  it  =  ct +  sen mt 


i =   t  = c + c cos mt 


  =  c / m (índice de MF)


The relationship signal to noise in the transception (modulation and demodulation) of this modulation type, as much in microwave as in those of radiofrecuency of use commercial of broadcasting, it has been seen that it is necessary to compensate it with a filter called pre-emphasis with the purpose of that this relationship stays the most constant possible along the useful band B.

This filter for the applications of microwaves is complex, because it depends on many requirements, so much technical as of effective normativity of the regulation of the telecommunications. As for the broadcasting, this usually makes simpler with a filter in high-pass whose pole is in some approximate 50 microseconds —in truth this is variable.

Generation Armstrong

Belonging to the history, the generation for the method of Armstrong always determines an easy way to take place FM in short band. Their behavior equations are the following ones (the integrative is implemented with a filter low-pass that makes go to the band B by a slope of -20 [dB/DEC])


v1    vmt  =  (Vm/m) cos mt       sen mt


v2    v1vc e - j /2  =  vmt       sen mt  sen ct


vo  =  vc - vo    sen ct -  sen mt  sen ct




Generation with OCV

Modulation in high frequency


Depending logically on the work frequency the circuit will change. Subsequently we observe one possible to be implemented in RF with an oscillator anyone (for their design it can be appealed to the chapter of harmonic oscillators).





The syntony of the oscillator is polarized by the capacitance Cd0 of the diode varicap due to the continuous voltage that it provides him the source VCC


c2  =  1 / L0(C0 + Cd0 + Cp)


Vd0  =  k VCC 


Cd  ~  A / vd



being Cp the distributed capacitance of the connections in derivation with the diode and k the attenuation of the divider R2-R3-R4.


For the design we can know the magnitude of A and of  if we observe their data by the maker, or for a previous experimentation, since if we obtain the capacitance of the diode for two points of the curve they are


Cdmax  =  A / vdmin

Cdmin  =  A / vdmax

  =  log (Cdmax / Cdmin)  /  log (vdmax / vdmin)


A  =  Cdmax vdmin

As for the distortion that is generated of the graph, studies in this respect that we omit here for simplicity, show that the most important distortion is given by the equation


D [veces]  ~  { 0,25 (1 + ) - { 0,375  / [ 1 + (C0 + Cp)/Cd0 ] } } Vm / Vd0
Design

Be the data


VCC  = ...   fc  = ...   C0  = ...   Cp   ... (approximately 5 [pF])


Vm  = ... fmmax  = ... fmmin  = ...   Dmax  = ...  Rg = ...


We choose a diode and of the manual or their experimentation in two points anyone of the curve obtains (f.ex.: BB105-A with  ~ 0,46, Cd0 = 11,2 [pF] and Vd0 = 3,2 [V])


  =  log (Cdmax / Cdmin)  /  log (vdmax / vdmin)  = ...

and then we polarize it in the part more straight line possible of the curve


Vd0  = ...


Cd0  = ...

getting


L0  =  1 / (C0 + Cd0 + Cp)c2  = ...


L1  = ...  >>  L0

R1  = ...  >>  Rg
Subsequently we design the capacitances so that they cut in the frequencies of the useful band


C1  =  1 / R1mmin  = ...


C2  =  1 / Rgmmax  = ...


The resistive dividing, where we suggest one pre-set multi-turn for R2, we calculate it as a simple attenuator


R2  = ...  <<  R1

IR2  = ...     Vm / (R2 / 2)


R3  =  [VCC - (Vd0 + Vm) ] / IR2  = ...


R4  =  (Vd0 - Vm) / IR2  = ...


Finally we verify the distortion


{ 0,25 (1 + ) - { 0,375  / [ 1 + (C0 + Cp)/Cd0 ] } } Vm / Vd0  = ...   <  Dmax
Modulation in low frequency


For applications of until some few MegaHertz it is possible the use of the OCV of the integrated circuit 4046 already explained in the multivibrators chapter, where the output is a FM of pulses.




Design


Be the data


fc  = ...   Vm  = ...   fmmax  = ...   fmmin  = ...   max  = ...   <<   / 2  (short band)


We choose a supply


15 [V]    VCC  = ...  >  2 Vm
and we go to the multivibrators chapter adopting, for this integrated circuit 4046, a polarization with the gain abacus (here f0 are fc)


R1  = ...


C1  = ...

and being the worst case


max  =  2 (fcmax - fc) / fmmin
they are


fcmax  =  fc + (maxfmmin / 2)  = ...


fcmin  =  fc - (fcmax - fc)  =  2 fc + fcmax  = ...

Then with the third abacus finally find (here  fmax/fmin is fcmax/fcmin)


fcmax / fcmin  = ...


(R2 / R1)  = ...


R2  =  R1 (R2 / R1)  = ...


He couples the we calculate that it produces the cut in low, or simply that it is a short circuit


C2  = ...   >>   1 / (Rg + 5.105)mmin
Phase Modulation (MP)

Generalities


In this modulation the apartment of the initial phase of the carrier q is proportional to the amplitude of the modulating Vm, and the speed of its movement to the frequency of the modulating m multiplied by the amplitude of the modulation Vm

 =   sen mt 


 = k3 Vm

t  =   m sen mt  = k3 Vmm sen mt 

and we repeat the general expressions


vm(t) = Vm cos mt


vo(t)  =  vo cos (ct + )


  =  ct +   =  it  =  ct +  sen mt 


i =   t  = c + c cos mt


  =  c / m (índice de MP)

and where we can observe that we will have in consequence a kind of MF


i =   t  = c - m  sen mt

Generation for derivation


According to the precedent equations, to generate MP we can simply derive the sign modulating and then to modulate it in MF for some of the previous methods




Design


Be the data (to see their design equations in the chapter of active networks as filters of frequency and phase displacements)


Vm  = ...   fmmax  = ...   Rg = ...   K  = ...    1





We adopt


  = ...     5 mmax

C1  = ...

and we find


R1  =  ( / C1) - Rg  = ...


R2  =  K (R1 + Rg)  = ...

Pulses

Generation FSK


Here it is modulated binarily to the carrier. The effect is shown in the following figure, where we see that for the case of short band the band width for the transmission double that of the pulses; that is to say, practically 2(c - /qTm).




Generation PSK


The same as the previously seen concepts, here to vm we derive it and then we modulate it in frequency.





According to the quantity of binary parity that are had in the modulation, this will be able to be of the type 2PSK, 4PSK, etc.
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