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GENERALITIES


We summarize the introductory aspects of the equations that we will use subsequently


Za  ~ Zo  ~  377 [] + j 0


impedance of the air or vacuum


  =  r o [F/m]




electric impermeability


o  ~  88,5 10-12 [F/m]



electric impermeabilidad of the vacuum

r  [veces]
relative electric impermeability to the vacuum


  =  r   o




magnetic permeability


o  ~  12,6 10-7 [A/m]



magnetic permeability of the vacuum

r  [veces]
relative magnetic permeability to the vacuum


  =    + j  




space function of propagation


  =   / v [Neper/m]



space function of attenuation


  =  2 / [rad/m]



space function of phase

Zent  =  Z0 [ ZL + Z0 tgh x] / [ Z0 + ZL tgh x]
Input impedance to a transmission line at a distance «x» of their load ZL

Z0





characteristic impedance

ZL





load impedance


v  =  1 / ()1/2




propagation speed

c  =  1 / (oo)1/2  ~  3 108 [m/seg2]
speed of propagation of the light in the vacuum


ROE  =  Vmax / Vmin  = 



relationship of stationary wave of voltage



          =  (1 + v) / (1 - v) [veces]



v  =  v e j 
coefficient of reflection of the electric field (or also call of voltage)

EQ  =  Za HQ
electric field in a point «Q» of the space of air or vacuum


P  =  E X  H [W/m2]


vector of power of Pointing

and their characteristic magnitudes
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r  [veces]
1
~ 1
 80
 3
 2,1
 6
 2,5
 5


r  [veces]
1
~ 1
 1

STRUCTURES PHYSICS


A transmission line is a symmetrical network and, therefore, they are valid all our studies made in the chapter of passive networks as adapters of impedance.


We show two classic types, the coaxial and the parallel. For each case their impedances characteristic is


Z0(COAXIAL)  =  R0  ~  (138 log B/A) / { rm +  [ (rs - rm)(C/D) ] }1/2  []


Z0(PARALELO)  =  R0  ~  276 log { (2B/A) / [ 1 + (B2/4CD) ] }




where


rm  =  m / o  [veces]


ADAPTATION OF IMPEDANCES

Generalities


It is possible to adapt impedances Z0 among lines, loads and generators, with the help of properly cut pieces of other lines of transmission of characteristic impedance Z00. We will work here with lines of worthless losses, this is


     5 

  ~  0 + j  



Zent  ~  Z0 [ ZL + j Z0 tgh x] / [ Z0 + j ZL tgh x]

and estimating a speed inside them of the order of that of the light


v  ~  c 

Transformation of/4

Design


Be the data


ZL  = ...   Z0  = ...


The technique consists on adding him a piece of /2


Zent(/4)  =  Z00 [ ZL + j Z00 tgh /4] / [ Z00 + j ZL tgh /4]  =  Z002 / ZL

Zsal(/4)  =  Z002 / Z0



consequently, if we design


Z00  =  (Z0ZL)1/2  = ...

It is


Zent(/4)  =  Z0

Zsal(/4)  =  ZL
Adapting stubs

Generalities


As we will always work with oneself line of transmission Z0 (Z00 = Z0), then we will be able to normalize the magnitudes of the impedances and admitances as much for the generator as for the load


zg  =  Zg / Z0  =  rg + j xg

yg  =  Z0 / Zg  =  gg + j bg

zL  =  ZL / Z0  =  rL + j xL

yL  =  Z0 / ZL  =  LL + j bL

We will use for this topic Smith's abacus that we reproduce subsequently. We will try to interpret it; for we express it the normalized reflection coefficient


v  =  (ZL - Z0) / (ZL + Z0)  =  (zL - 1) / (zL + 1)  =  u + j w

and if we work


zL  =  rL + j xL  =  (1 - u2 - w2 + j 2w) / (1 - 2u + u2 + w2)

we will be under conditions of drawing the circles of constant rL and of constant xL

r2  =  (u - m)2 + (r - n)2

rL  =  cte    
r  =  1 / (1 + rL)




m  =  rL / (1 + rL)




n  =  0


xL  =  cte    
r  =  1 / xL



m  =  1




n  =  1 / xL




Now look for that is to say in the graph those points that mean perfect adaptation, as


v  =  0 + j 0


zL  =  1 + j 0

being determined with it the curve rL = 1  when being connected the adapting stubs





Now we can find the points of this graph of it ROE it constant


ROE  =  (1 + v) / (1 - v)  =  [1 + (u2 + v2)1/2] / [1 - (u2 + v2)1/2]  =  cte

originating


[ (ROE - 1) / (ROE + 1) ]2  =  u2 + v2




On the other hand, like on the load we have


v(0)  =  (ZL - Z0) / (ZL + Z0)  =  v(0) e j (0)  =  u(0) + j w(0)
and at a generic distance «x»


Zent(x)  =  Z0 [ ZL + j Z0 tgh x] / [ Z0 + j ZL tgh x]


v(x)  =  (Zent(x) - Z0) / (Zent(x) + Z0)  =  v(0) e -j 2(x)  =  u(x) + j w(x)
what will determine rejecting the losses


v(x)  ~  v(0) e -j 2(x)  =  v(0) e -j 2(2/x) 

that is to say that can have represented this space phase on the abacus if we divide their perimeter in fractions of x/. 





Also, if we consider the new angle here , it is


v(x)  =  v(x) e j (x)  =  v(0) e j (x)  =  v(0) e j [ (0) - 2(2/x) ]




When the previous equation is not completed v(x)~v(0) e -j 2(2/x) it is of understanding that


v(x)< v(0) 




Subsequently we reproduce Smith's abacus




Design of an admitance


With the purpose of to adapt or to syntonize loads, we can appeal to this method to connect in derivation.


Be the data


Z0  =  R0  = ...   f  = ...   Yent  =  Gent + j Bent  = ...   Bent    0


We find the normalization


yent  =  gent + j bent  =  Gent R0 + j Bent R0  = ...

and we work on Smith's abacus like it is indicated next with the purpose of diminishing the longitude of the stub, and we obtain


  = ...




what will allow us to calculate their dimension finally


L  =    =   f / c  ~  3,33  f 10-9  = ...

Design of adaptation with a known load


Be the data


Z0  =  R0  = ...   f  = ...   YL  =  GL + j BL  = ...   BL    0





We find the normalization


yL  =  gL + j bL  =  GL R0 + j BL R0  = ...

and we work on Smith's abacus like it is indicated next with the purpose of diminishing the longitude of the stub, and we obtain


  = ...


yent(L)  =  1 + j bent(L)  = ...


L  =    =   f / c  ~  3,33  f 10-9  = ...


yent(adap)  = - j bent(L)  = ...




and finally


Yent(adap)  =  yent(adap) / R0  = ...

Design of adaptation with an unknown load


Be the data


Z0  =  R0  = ...   dmax  = ...   dmin  = ...   ROEmedida  =  Vmax / Vmin  = ...





We obtain the wave longitude


  ~  4 (dmax  - dmin)  = ...

what will allow us to obtain according to the case for the smallest longitude in the adapting stub


1  =  dmin/   = ...


2  = ...




for what is finally


L  =  2  = ...


yent(L)  =  1 + j bent(L)  = ...


Yent(adap)  =   - j bent(L) / R0  = ...
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