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.5wl TLT 1968 K9AXN9a4 50 to 600 to 50
Edited 7-14-2024

This paper explains the logic script defining the original 1/2λ TLT
The original script was written in 1968 by K9AXN
DRAFT not complete

The 1/2λ transmission line transformer is noted for the ability to mirror the load impedance to the source connection.  It uses charge intensity, current density, and resonant amplification to create a narrow-band transformer for loads that are higher or lower than the Z0 or surge impedance of the transmission line.  Note that Resonant amplification requires multiple cycles to reach the steady state.  It does not use core coupling, only the difference in the charge intensity and or the current density of the conductors.  The same principles apply to any conductors that are connected to non-similar impedances.    This transformation occurs in AC and DC circuits.  DC circuits behave as a 1/2λ transmission line, using the same logic script explained below.  The DC configuration and accompanying explanation will follow in a separate script.  Interestingly, the DC logic will explain the reason that Tesla and Westinghouse were awarded the Niagara Falls contract for AC power generation.

Configuration:
Media: The source applies 70.71067812v @ 1.414213562a to the 600r line, which is terminated with a 50r load.  The source represents energy, not power, and presents 70.71067812v of force, with an available current of 1.414213562a, to the 600r line, which is terminated with a 50r load. 

[bookmark: _Hlk171257682]The 600r surge impedance of the line is not a resistance and represents no loss; it is a gating effect, allowing a precise amount of current per volt to pass into the wire.  If 70.71067812v is applied to a 600r line, .1178511302a will be allowed to enter the wire as power.  The wave created will be 70.71067812v @ .1178511302a during the first cycle, progressing to 70.71067812v@1.414213562a 100 Watts applied to the load at the steady state.  The Q of the transformer is (600r ÷ 50r = 12).  

Once accelerated into the wire, the wave is a packet of power that has no affinity to the source or destination.  It is an independent linear traveling wave that is unaffected by waves traveling in the opposite direction.  The logical behavior of the first cycle (Wave) to enter the wire follows, ending in the steady state condition.  

STEP 1:
[bookmark: _Hlk171322757][bookmark: _Hlk157625057]70.71067812v @ .1178511302a of the available 70.71067812v @ 1.414213562a enters the 600r line.  (70.71067812v ÷ 600 =.1178511302a)  
[bookmark: _Hlk171454685](70.71067812v • .1178511302a = 8.333333334)  Watts applied

NOTE:  All of the calculations in this script use charge intensity and current density to affect transformation.  In the 1960s, this was referred to as Cluster and Scatter, which was logical.  Now, it is S parameters for both, which is generally confusing.  

STEP 2:
70.71067812v @ .1178511302a reaches the 50r load.
Calculating forward power has two parts; the first calculates the power that enters the load without reflections.  The second is the part that is divided into forward part two and the reflected power.  

Part 1 forward:  CAUSES NO REFLECTIONS:
[bookmark: _Hlk143021347]When the (70.71067812v @ .1178511302a) wave reaches the load,  (.1178511302a) will enter the 50r load developing (.1178511302a • 50r = 5.89255651) across the 50r load.  At this point, 5.89255651v @ .1178511302a has entered the load without causing reflections.  This is part 1 of the forward power to enter the load.
 
STEP 3:
Calculate the remaining power to be divided between forward part 2 and the reflected power.
of the 70.71067812v applied.  (50r • .1178511302a = 5.89255651v)


 (5.89255651v ÷ 600 = .009820927517a)  
[bookmark: _Hlk171416532]5.89255651v @ .009820927517a will be dissipated of the 70.71067812v@ .1178511302a arriving from the source.  This leaves 64.81812162v @ .1080302027a to be divided between the 50r load and 600r line.
   (70.71067812v @ .1178511302a) 
- (5.89255651v @ .009820927517a)
   64.81812161v @ .10803020270a 
The remaining power is to be divided between the forward and reflected paths.

[bookmark: _Hlk171271858]At this point, a branch leg must be determined between a series and parallel configuration.  If the resistance of the destination is lower, use series logic; if it is higher, use parallel logic.  In this case, the destination is 50 Ohms, and 600r is the source; we use series logic.  600r +50r = 650Ohms.  (64.81812161v ÷ 650 = .09972018709a) This is the current that will added to the first part of cycle 1a and will be the total reflected power.

Forward:  (.09972018709a •50r = 4.986009355v)
  (4.986009355v @ .09972018709a)   (From part 2)
+(5.89255651v @ .11785113020a)   (From part 1)
  (10.87856586v @ .2175713173a)     (Total forward power)  
(10.87856586 • .2175713173 = 2.366863848)  Watts forward

(10.87856586v ÷ 70.71067812 = .1538461538) FCO
 
(1 ÷ .1538461538 = 6.50000000)  Loaded Q


Reflected:  (.09972018709a • 600 = 59.83211225v @.09972018709a)
(59.83211225v ÷ .09972018709a = 5.966469428)       Watts reflected
(59.83211225 ÷ 70.71067812 = .8461538461)  RCO

STEADY STATE FORWARD:
(6.5000 Q • 70.71067812v = 459.6194078v)  Forward Steady state voltage
(459.6194078v ÷ 600 = .7660323463a)  Forward steady state current
(459.6194078v • .7660323463a = 352.0837807)  Watts forward SS


STEADY STATE REFLECTED:
(459.6194078v – 70.71067812v = 388.9087297v)  Reflected steady state voltage
(388.9087297v ÷ 600 = .6481812161a)  Reflected Steady state current
(388.9087297v • .6481812161a = 252.0833334)  Watts reflected SS 
     
STANDING WAVES:
(459.6194078v + 388.9087297 = 848.5281375v)
(.7660323463a + .6481812161a = 1.414213562a)














Start of second cycle:
59.83250844v @ .09972084a was reflected from the source.  The polarity will have flipped because of the flow from a higher density (600r) to a lower density (50r).  The source and  

Steady-state conditions and calculations:
 
Forward steady state voltage and current:  
The calculations for steady-state conditions would typically go on to infinity, but the following calculation will render an accurate assessment using just two simple calculations.

(70.710676891v ÷ 10.87856568v = 6.499999997).  This is used to calculate the steady-state MAX forward voltage (70.710676891v • 6.499999997 = 459.6194v) and  MAX forward current (.117851282a • 6.499999997 = .7660333326a). 

Calculate the voltage and current for any cycle during the assent to steady state:




Reverse voltage and current:

(459.6194v – 70.71067813v = 388.9087219v)
(.7660333326a - .1178511302a = .6481822024a)


  


Break ------------------------------

  

Charge density and current density:
I expect a question to be asked.  How is dissipating 5.8926v @.117852a from 70.711v @.117852a = 64.8184v @ .1080307a???  There may be more questions but this one will be burning.


 leaving (64.8184v @ .1080307a) to be divided between the forward and reflected power.  At this point 5.8926v @ .117852a has entered the load.  There are two parts in the forward calculation, the  The remaining 64.8184v @.1080307a is divided between forward and reflected power and the forward component must be added to part one.     

Determine how the remaining power, 64.8184v @ .1080307a will be divided between forward and reflected power.  When the Z0 of the line is > than the load, the series resistance of the line and load will be used for calculations, and when the Z0 of the line is < than the load Z0, we will use parallel resistance.
The Z0 of the load is > than the load, series resistance will be used (600r + 50r = 650r). 







Note that 70.7v @ .11873a was flowing in the 600r line and 10.877v @ .21754a flowed into the load.  Also




Step 1:  
70.7v is applied to a 600r line with 70.7v @.11783a entering the line.  This represents 8.3308 Watts of power in the traveling wave.

Step 2:  
The power in transit is independent and has no affiliation with source or destination.  A wave of 70.7v @ .11783 will reach the 50r load and the following steps will be defined sequentially.

Step 3:  
.11783a will enter the 50r load dissipating 5.8915v of the original 70.7v @ .11783a.  This leaves 64.8085v @ .108014a.  (70.7v – 5.8915v = 64.8085v) and (64.8085v ÷ 600r = .108014a).
The logic of this step will be fully explained in a follow-on paper.

Step 4:  At this point, 5.8915v • .11783a has entered the 50r load with no reflections and the remaining  64.8085v @ .10801a of the available power will be divided between forward and reflected power.  

[bookmark: _Hlk128559193]STEP 5:  To determine how the remaining power 64.8085v @ .108014a will be divided between forward and reflected power.  When the Z0 of the line is > than the load, the series resistance of the line and load will be used for calculations, and when the Z0 of the line is < than the load Z0, we will use parallel resistance.  

For this configuration, the Z0 of the line is > than the load, so we use series resistance 50r + 600r =650r.  
This step will be fully explained in a follow-on paper.

Step 6:  Calculate the total forward power.  The remaining (64.8085v/650r = .09971a) is applied to 50r impedance (+.09971a • 50r = +4.9855v) forward.  To complete the forward calculation, add (+4.9855 @ +.09971a) and (+ 5.8915v @ +.11783a) from step 3 = 10.877v @ .21754a.  Forward, this is the total forward power 2.3662w.

Step 7:  Calculate the reflected power.  (-.09971a  X 600 = -59.826v) -59.826v @ -.09971a is Reflected power  5.96w

5.96w + 2.3662w = 8.33w the input power of cycle 1 is 8.33w.  CHECK  

Step 8:  At this point, -59.826v @ -.09971a is on the way back to the source.
The source represents energy not power.  When the reflected wave reaches the source, it will meet +70.7v @ available +1.4142a.  

-59.826v@.09971a will flip, reentering the wire as +59.826v @ +.09971a.  The source +70.7v @ .117833a will be added for a total +130.526v @+.21754a to be sent to the load.                 

NOTE 1:  
At this point 130.526v @ .21754a is traveling toward the load over the 600r media, (130.526v ÷ .21754a = 600r).  However, the source sees 70.7v ÷ .21754a = 325r.  The impedance that the source sees, 325r, will continue to increase until it reaches 50r.  When this configuration is modulated the impedance will vary and the higher the Q the greater the variation.   

Step 9:  The above process will repeat until steady the state is reached.  There are numerous methods available that can be used to calculate the steady state condition, none of which explain the logic or reasoning.  The logic and reasoning for the first cycle is included above.  The following sequence of steps will be used to develop an understanding of the events leading to last cycle and steady state.

  
 


Step 3 calculates the first of two parts of forward power.  This step renders the power entering the load that causes no reflections.  It is 5.8915v@.11783a.  This will be added to the remaining forward component of the divided power, (4.9855v @ .09971a).
(5.8915v + 4.9855v = 10.877v), and (.11783a +.09971a = .21754a).  Total 10.877v @.21754a forward power.  Calculate steady state:  (70.7v ÷ 10.877v = 6.5)   
(70.7 • 6.5 = 459.55v).  459.55 ÷ 600 = .765918a.  459.55v @ .765917a is steady state.    


STEP 9B:  
This step must be understood, it an imperative pillar, promoting  the understanding of transmission line and antenna theory.  It also distinguishes the difference between the TLT of over half century ago and the “HTLT, hybrid transmission line transformer of today”.  

This step, an extension of step 9 above, will cover in detail the last step and any that follow when steady state is reached.  The last step will see the voltage and current cease to rise from the source, reaching steady state at 459.55v @ .765917a.  Three parts will be calculated:  Two forward and one reflected.

Part 1 forward:
When the 459.55v @ .765917a wave reached the load .765917a will enter the 50r load without reflections and 38.2958v will be depleted from the 459.55v applied:  (.765917a • 50r = 38.2958v) (459.55v – 38.2958v = 421.25415v.  

















     







USEFULL EQUATIONS:
(100 Watts to 600r line)                                                  (Calculations for 600r line)
100 ÷ (100 ÷ 600).5 = 244.9489743v @ .4082482905a.  
(100w ÷ 600r = .1666666667) 
(.1666666667-5 = .4082482905a)                                  (Current @ 100Watts)
(.4082482905a • 600r = 244.9489743v)                      (Voltage @ 100 Watts)     
(244.9489743v • .4082482905a = 100w)                    (Power from source to 600r line)

(12.5 = 3.464101615)                                                         (Square root of Q1)
(3.464101615 • 244.9489743v = 848.5281375v)        (Peak RMS standing wave voltage) 
(550 ÷ 650 = .8461538462) RCO                                     (Equation calculated RCO) 
(1 - .8461538462 = .1538461538) FCO                          (Equation calculated FCO)
(1 ÷ .1538461538 = 6.50000 The secondary) Q           (FCO calculated Q2)
(244.9489743 ÷ 3.464101615 = 70.71067813v)          (Voltage calculated using wireZ0 and Q1)
(.4082482905 • 3.464101615 = 1.414213562a)            (Final current calculated using Z0 and Q1)
(.4082482905 ÷ 3.464101615 = .1178511302a)            (First cycle current entering line)
(70.71067813v • 6.50000 Q2 = 459.6194078v)             (Max RMS forward steady state voltage)
(459.6194078v – 70.71067813v = 388.9087297v)        (Max RMS reflected steady state voltage)
(459.6194078v + 388.9087297v = 848.5281375v)        (Max RMS standing wave)  

