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GENERALITIES


We will study to the basic receiver, guiding our interest to the topics of the commercial broadcasting of MA and MF.

STAGES OF THE RECEIVER

Stage heterodyne


The first stage of a receiver is the heterodyne. With this name, converter, mixer, etc., those systems are known that, maintaining the band bases of the sign modulating (in our case of short band 2B), they change the frequency of their carrier «N» times. Their basic principle of operation consists on the product of this sign received vo(t) = vo cos (ct + ) for another of an oscillator local vx(t) = Vx cos xt whose phase displacement won't consider because it won't affect to our studies. The equations that define the behavior are based on the product of cosines like it has been presented in previous chapters. The result will be, putting a filter to the band of the spectrum that we want (usually that of smaller order, that is to say N = 1, to be that of more amplitude and to avoid to change in the index of angular modulation )


vo(t) = vo cos (ct + )  = vo cos it


modulated signal


vx(t) = Vx cos xt 




signal of the local oscillator


vy(t) = vo(t) vx(t) = vy cos (yt + y)  = vy cos yit

signal of output of the converter


y = c ± n x      c - x



fundamental inferior (elect)


y  =  N   =   c / y




When the frequency c is very high, and the difference that we obtain c-x is not the sufficiently small as to work her comfortably, a multiple conversion is used. This is, a mixer followed by another


vy(t) = vo(t) vx1(t) vx2(t) ... vxm(t) 



signal of output of the converter
y = [(c - x1) - x2] - ...  =  c - x1 - x2 - ...
xm
fundamental inferior (elect)




but their inconvenience won't only be in the necessary stability of the local oscillators (that multiply its unstability to each other) but in that change the index of angular modulation a lot (N >> 1).


To implement these systems, the idea is to make "walk" the small antenna signal for the great dynamic sign that provides the local oscillator and it changes the polarization of the dispositive; this is, to multiply both signals. Added this, for the receivers of MA, the signal coming from the CAG will modify the point of polarization of this multiplication.





This circuit mixer can contain in itself to the local oscillator or it can have it independently. The approach for the auto-oscillation it is explainedin the chapter of harmonic oscillators, adding to the topic that an independence will exist among the antenna syntonies and of the local oscillation to be to very distant frequencies  (fi  =  c-x  >>  m).


The circuit of the figure shows the effect for an independent excitement of sine wave, where the equations that determine it are the following


gm = ICVBE   [IBE0 (1 - eVBE/VT)]VBE  =  IBE0 eVBE/VT / VT  =  IC/VT  ~


      ~ 20 IC  =  20 (vx + VCAG) / RE =  gm(vx+VCAG)

vce(fi) =  vy(fi)  ~  gm RL vo(c) =  20 (vx + VCAG) RLvo(c) / RE  =


      =  Vy { cos fit  + (/2) [cos (fi + m)t + cos (fi - m)t] }


Vy = 20 VxVCAGRL / RE




The same effect can also be achieved with transistors of field effect MOS, where the design is simplified if it has two gates, because then each input is completely independent of the other


A comfortable variant and practice of this conversion, are simply achieved commuting to the dispositive. This avoids difficult designs of the stability of the local oscillator. Their conversion transconductance then taking the form of a square wave and it is equal to consider it with a harmonic content


gm = (gmmax/2) + (2gmmax/) cos xt + (2gmmax/3) cos 3xt + ...


gmmax = gm(ICmax)  =  VCC/REVT  ~ 20 VCC/RE



where each harmonic will mix with vo and the collector filter will obtain the fi.

Stage intermediate frequency amplifier


After the conversion stage we meet with a low comfortable frequency of amplifying. Usually of two syntonized amplifiers, they make jointly with the third syntony of the conveter a group that it will be designed appropriately. In the chapter of amplifiers of RF of low level class A different possibilities were analyzed already in this respect.


What we will add like useful fact to the designer and/or man-caliper of these syntonies, is that it always suits to make it of behind forward, so that the loads of final stages leave giving to the first ones.

Stage of demodulation


This stage has already been seen in the demodulation chapters.

Stage audioamplifier


This stage has already been seen in the chapters of amplifiers of AF in low level class A and in the one of high level classes A and B.

Stage of automatic control


Either for MA like MF it is convenient to feedback the receiving system so that the average volume of reception doesn't fluctuate for reasons like the physiques of the land and ambient, the pedestrian's mobility, changes of the local oscillator, etc.


Subsequently we present their general outline, where it is that, being the sign useful xo (either Vc in MA or c MF) it will be transferred as xm´ (it either corresponds to vm´ in MA or MF) or demodulated output, and that we seek to diminish their changes xo. It is this way, if we put a filter low-pass to the output of the demodulator that integrates the spectrum of the band bases B, that is to say with a pole in 1/, we have the following equations


G  =  Gc Gfi 

H  =  H0 / (1 + s)


xm´  ~  xo / H  =  xo (1 + s) / H0
where


Gc  
gain of the converter

Gfi  
gain of the stages of intermediate frequency


  
gain or demodulation efficiency (or detection)




that it allows to observe that, only outside of the band bases B, that is to say for the carrier, the magnitude H0 should be made the biggest thing possible.


This way, when we speak of MA it is


vm´  ~  Vc / H  =  Vc (1 + s) / H0
and when we make it of MF


vm´  ~  c / H  =  c (1 + s) / H0
REJECTIONS OF UNDESIRABLE FREQUENCIES


We can say that we have three frequencies that a receiver should reject


— all frequency of magnitude of the intermediate one that it receives to their antenna input  


— all frequency image of the local oscillator that it receives to their antenna entrance  


— all frequency of adjacent channel to the one syntonized that it penetrates for contiguity


With this end we should keep in mind the syntonized filters, usually of simple syntony that they are used so much in the antenna Fa as in the converter like first intermediate frequency Ffi. As we have seen in the chapter amplifiers of RF of low level class A, the transfer for the simple syntonized circuit will have the following form


Fa  =  1 / [ 1 + j 2 (  - c )/B ) ]  ~    1 / [ 1 + j 2Qa (  - c )/c ) ]


Ffi  =  1 / [ 1 + j 2 (  - fi )/B ) ]  ~    1 / [ 1 + j 2Qa (  - fi )/fi ) ]




and their modules


Fa  =   1 / { 1 + [ 2Qa( - c)/c ) ]2 }1/2

Ffi  =   1 / { 1 + [ 2Qfi( - fi)/fi ) ]2 }1/2
what will allow to be defined, respectively, the rejections to the intermediate frequency Rfi, frequency image Rfim and frequency of the adjacent channel Rca

Rfi  =  1 / { 1 + [ 2Qa(fi - c)/c ) ]2 }1/2    
  reject in the antenna syntony

Rfim  =  1 / { 1 + [ 2Qa(fim - c)/c ) ]2 }1/2    
 reject in the antenna syntony

Rca  =   1 / { 1 + [ 2Qfi(ca - fi)/fi ) ]2 }1/2    
  reject in the FI syntony



WHITE NOISE

Generalities


It is known that the white noise consists on a stochastic molecular action of constant spectral energy density that follows the following law of effective voltage V0 on a resistance R0, physics or distributed as it can be that of an antenna, to a temperature T0 and in a width of band B0

V02  =  4KT0R0B0



with


K  ~  1,38 10-23 [J/segºK]


R0 []


T0 [ºK]


B0 [Hz]


On the other hand and generalizing, keeping in mind that to the noise like it is aleatory and it possesses average null value, it can express it in function of their harmonics as


n  =   ck cos (k t + k)




it is defined therefore of the same one their spectral density of power normalized in the considered band width


G  =  0 ck2 / B0
and what will allow to be defined the normalized power of noise on 1 []


N  =  Gf

and then with this to find the total of the whole spectrum


NT  =  0 G() (-f)  +  
 0 G() f  =  2 0 G() f 

and that it will determine the concept in turn of wide of equivalent or effective band of noise Beq

NT  =  0 G() f  =  Gmax Beq



Figure of noise and their equivalent Temperature


Be an amplifier of gain of power G


G  =  Ssal / Sent
that it possesses internal white noise of power Ni. We can find him their factor of inefficiency like the one denominated figure of noise F


F  =  (Sent / Ni) / (Ssal / Nsal)  =  (Sent / Ssal) (Nsal / Ni)  = (Nsal / Ni) / G  =


    =  [ G (Nent + Ni) / Ni ] / G  =  1 + Ni/Nent



and if it is to an ambient temperature TA we can also say that this internal noise is produced by an equivalent temperature TEQ

F  =    1 + Ni/Nent  =  1 + (4KTEQR0B0 / 4KTAR0B0)  =  1 + (TEQ / TA) 


TEQ  =  TA (F - 1)




When we have two stages in cascade it is


GT  =  Nsal / Nent  =  G1 G2

Nsal  =  Nen GT FT  =  (Nsal1 + Ni2) G2  = Nent G2 [G1F1 + (F2 - 1)]


FT  =  F1 + (F2 - 1)/G1

TEQT  =  TEQ1 + TEQ2/G1
and for more stages


FT  =  F1 + (F2 - 1)/G1 +  (F3 - 1)/G1G2 +   ...


TEQT  =  TEQ1 + TEQ2/G1 +  TEQ3/G1G2 +   ...

In components

In a diode


We have the following expression when it polarizes it in direct


V02  ~  (4KT0  -  2eIFr)rB0



where


r []



dynamic resistance

e = 1,6 10-19 [Cb]

charge of the electron

ID  [A]



direct current of polarization
In a TBJ


We have the following expression when it polarizes it in direct


I0E2  ~  2eIEB0

I0C2  ~  2eICB0 (1 - ) { 1 + [  / (1 + )1/2 ]2 } / [ 1 + (/)2 ]


V0B2  ~  4KT0B0rbb´




and the maker of dispositives of RF the expressed thing in tables and abacus according to the polarization and work frequency, preferably offering the figure of noise.

In transfers

In a filter low-pass


According to the following drawing we have for a signal «s» and a noise «n»


vsal / vent  =  1 / (1 + s)


vent  =  s + n


Gnent  =  G0 (constant)


Gsal / Gent   =  vsal / vent2  =  1 / [1 + ()2]




and applying overlapping


Gnsal  =  Gnent vsal / vent2  = G0 / [1 + ()2]

Nsalmax  =  0 Gnsal f  =  G0 / 4

Beq  =  Nsalmax / Gnsalmax  =  1 / 4
In a filter hig-pass derivator

According to the following drawing we have for a signal «s» and a noise «n» in the band in passing derivative


vsal / vent  =  s / (1 + s)  ~  s    (derivation condition max << 1/)


vent  =  s + n


Gnent  =  G0 (constante)


Gsal / Gent   =  vsal / vent2  =  ()2



and applying overlapping


Gnsal  =  Gnent vsal / vent2  = G0 ()2

Nsalmax  =  0 Gnsal f  =  G0 2 max2 / 3


Beq  =  Nsalmax / Gnsalmax  =  max2 / 3

In demodulations

In demodulation of MAC


For the following reception we have (to go to the chapter of modulation of amplitude)


s1  =  vo(t)  =  Vc ( cos mt  cos ct + cos ct)


Gn1  =  
Gn10  (constant)  



then


S1  =  (Vc2/2) + S1(2BL) 


S1(2BL)   =  2 S1(BLU)   =  2 [ (Vc/2) / 2 ]2  =  2Vc2/4

of where it is deduced


S1  =  S1(2BL) (1 + 2/2)


If now we suppose that the module of the transfer demodulation (detection efficiency) it is unitary

S2 / N2  = S1(2BL) / N1(2BL)  
(the carrier Vc2/2 one doesn't keep in mind for not being modulation, and the noise doesn't have carrier)
we can obtain finally


F  =  (S1 / N1) / (S2 / N2)  =  (S1 / N1(2BL)) / (S1(2BL) / N1(2BL))  =  (1 + 2/2)




In demodulation of M

For the following reception with a limiter of amplitude see that although it improves the relationship sign to noise of amplitude (Gn2 < Gn1), it is not this way in the angular (2 > 1)


Gn1  (constant)


Gn2  (constant)





Now proceed to detect (to go to the chapter of angle modulation)


s1  =  vo(t)  =  vo cos   =  Vc cos (ct +  sen mt)  =  Vc cos (ct + k  Vm cos mt t) 


s3  =  kc (t)   =  kkcVm cos mt


S3  =  [ kkc (Vm/2) ]2 / 2




it is


s1 + n1  =  [ (Vc + nc1)2 + ns12 ]1/2 cos {  + arc tg [ns1 / (Vc + nc1)] }


s2 + n2  =  (Vc2 + nc12)1/2 cos [  + arc tg (ns1 / Vc) ]    Vc cos [  + (ns1 / Vc) ]


s3 + n3  =  kc  { [  + (ns1 / Vc) ] / t }  =  kc (t)  + kc (ns1t)  

where the output noise is observed


n3  =  kc (ns1t)  


If the transfer of the discriminator is supposed like derivative


Fd  ~  s
we will be able to find


Gn3  =  Gn2 Fd2   Gn2 ()2

N3  =  (1 / 2) 0B  Gn3   =  Gn2 B32 / 6

S3 / N3  =  {[ kkc (Vm/2) ]2/2} / (Gn2 B32 / 6)  =  k0 [S1(2BL) / N1(2BL)] [(Vm2/2) / B]

or


S3 / N3  =  123Gn1k2kc2 / Vc2] (C1 / N1)


1  =  Vm / B


C1 / N1  =  S1 / N1  =  (Vc2 / 2) / Gn1B




In demodulation of BLU


Be the following reception (to go the chapter of demodulation of MA)


s1  =  vo(t)  =  (Vc/2) cos (c + m)t 


vo(t)´  =  Vc cos (ct + )   Vc cos ct   (it doesn't interest)

S1  =  (Vc/2)2 / 2


Gn1  (constant)


s2  =  s1 vo(t)´  =  [(Vc/2) / 2] [cos (2c + m)t + cos mt]

s3  =  [(Vc/2) / 2] cos mt


S3  =  [(Vc/2) / 2]2 / 2  =  (Vc/2)2 / 8  = GT S1

GT  =  S3 / S1  = 1 / 4   (gain of power of the total system demodulator)



of where it is deduced by overlapping


N1  =  Gn1 Beq

N3  =  GT N1  =  N1 / 4




being finally


S3 / N3 =  [(Vc/2)2 / 8 ] / (Gn1Beq / 4)  =  (Vc/2)2 / 2Gn1m  =  S1 / Gn1m

F  =  (S1 / N1) / (S2 / N2)  =  1




In demodulation of DBL


Be the following reception (to go the chapter of demodulation of MA)


s1  =  vo(t)  =  (Vc/2) cos [cos (c + m)t + cos (c - m)t]

vo(t)´  =  Vc cos (ct + )   Vc cos ct   (it doesn't interest)

S1  =  2 .(Vc/2)2 / 2  =  (Vc/2)2 


Gn1  (constant)


s2  =  s1 vo(t)´  =  [(Vc/2) / 2] (1 + cos 2ct)

s3  =  (Vc/2) cos mt


S3  =  (Vc/2)2 / 2  =  GT S1

GT  =  S3 / S1  = 1 / 2   (gain of power of the total system demodulator)



of where it is deduced by overlapping


N1  =  Gn1 Beq

N3  =  GT N1  =  N1 / 2




being finally


S3 / N3 =  [(Vc/2)2 / 2 ] / (Gn1Beq / 2)  =  (Vc/2)2 / 2Gn1m  =  S1 / Gn1m

F  =  (S1 / N1) / (S2 / N2)  =  1




and if we compare BLU with DBL we see the equality


(S3 / N3)DBL  =  (S3 / N3)BLU  =  S1BLU / Gn1Beq
In demodulation of PCM


See you the chapter of modulation of amplitude.

_________________________________________________________________________________
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