MT360 UR7 2 8 1 Special
Cases of The Lossless Line
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Description

The equivalent impedance of a transmission line ending in a short circuit can change depending on the
length of the transmission line. A lossess 50 Ohm transmission line of length 2.25 wavelengths is termi-
nated by a short circuit and attached to a generator with a source voltage of 2 V and a source impedance
of 50 Ohms. Assume that the operating frequency is 300 MHz and that the phase velocity of the line is
0.75c, c refers to the speed of light. For the assignment assumethat t = Os;

Exercise
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. Cdlculate Zin at the source end of the line, Ohms.

. Calculate the phasor voltage across Zin, V.

. Calculate the amplitude of the forward and reverse propagating voltages, V.

. Calculate the forward and reverse propagating voltages as a function of wavelength, lambda.
. Find the total propagating voltage as a function of wavelength, lambda.

. Calculate the forward, reverse, and total propagating currents as a function of wavelength.

. Calculate the input impedance as a function of wavelength.

. Plot the real parts of the forward, reverse, and total propagating voltages and currents as a function

of wavelength.

. The third plot is given to you. Notice how the total current, total voltage, and impedances are normal-

ized. Using the third plot, estimate the shortest line length from the load when the equival ent reactance
is40 Ohms, 0.8 Ohms when normalized.
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Questions

For the following questions d is the distance from the load.

L FromoA<d<v4aNisthe equivaent impedance of the line inductive, capacitive, or neither?
2. Atd= V4 A, what isthe equivalent impedance of the line?

3 From U4 A<d<12 Aisthe equivalent impedance of the lineinductive, capacitive, or neither?

4 Atd=12 A, what isthe equivaent impedance of the line?

Useful Information

Theinput impedance of a short-circuited line of length, I.

1_“} = jZ, tan 31
Iell)

T
il

Note that the function tangent evaluated at 90 degrees is infinity.

The phasor voltage across Zin (Zin isthe input impedance at the sour ce end of theline) is given by

N 1"”;5,-,,.
Vi= 7 L2

"4

Theforward propagating voltage amplitudeisrelated to the phasor voltage, Vi, by

y Vi
1“ !_ _I 5|I I- I..f ,.' H
Thereverse propagating voltageis related to the forward propagating wave by the reflection coef-
ficient.
V, =TIV,

i L]

The total phasor voltage anywhere on the line is related to the forward and rever se propagating
voltages.

-

Vid) =V i+ V

L]

Vid) =V}

L]

LTV

V(d) = V'[! 4 Te ]

d represents the distance in neters fromthe | oad.

» Thetotal phasor current anywhere on the lineisrelated to the forward and reverse propagating voltages
by the characteristic impedances.*
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" Vv Vv
f(d) = -2 + -2
d)=7-+7
_ AT s
f(d) = ~ + -2
(d)=7-+TI%

o

. V .
f(d) = %[EJ-” + e

d represents the distance in neters fromthe |oad.

Provided Code

par am

% Par amet er s

[ ength = 2.25; % Length of transmi ssion |line, wavel ength
| _array =... % An array that represents different points on the T-
Li ne
I i nspace(| ength, 0, 1000) ;
Vg = 2; % CGenerator voltage, V
Zo = 50; % Characteristic | nmpedance of the line, Chns
Zg = 50; % | npedance of generator, GChmns
gamma = -1; % Refl ection coefficient at the | oad
Up = 0.75*P. c; % Phase velocity, m's
f = 300e6; % Frequency of signal, Hz
| anbda = Up/f; % Wavel ength, m
X = 40; % Desi red reactance, Chns
X = X/ Zo; % Normal i zed reactance, Chns
% 1)
% The i nput inpedance at the source end of the line. Hnt, do not
assign

% Zin a value, just mentally know what it is.
% Zin = % | NSERT COMVENT HERE

% 2)
Vi = % | NSERT CODE HERE % The phasor voltage across Zin, V

% 3)
% Anpl itude of the forward propagati ng wave, V
Vo_plus = % | NSERT CODE HERE

% Anpl i tude of the reverse propagati ng wave, V
Vo_m nus = % | NSERT CODE HERE

% 4)
% Forward propagating voltage as a function of length, V
Vo_plus_array = Vo_pl us*exp(1j*2*pi*|_array);

% Reverse propagating voltage as a function of length, V
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Vo_m nus_array = % | NSERT CODE HERE

% 5)
% Total voltage on the line as a function of length, V
Vsc_array = % | NSERT CODE HERE

% 6)
% Forward propagating current as a function of length, A
lo _plus_array = % | NSERT CODE HERE

% Reverse propagating current as a function of length, A
lo_mnus_array = Vo_minus_array/ Zo;

% Total current on the Iine as a function of length, A
Isc_array = lo_plus_array - |lo_mnus_array;

% 7)
% I nput i npedance as a function of distance fromthe |oad
Zsc = % | NSERT CODE HERE

% 8)

figure(l),clf;

pl =

plot(l_array,real (Vo_plus_array),' *ni,|_array, real (Vo_m nus_array), ' -
c',l_array,real (Vsc_array),'r');
set (pl(2), 'linew dth',2);
set(gca, ' xdir',"'reverse')

axis([0 2.25 -2 2])

 egend(' Vo™+',' Vo™-',"Vsc');
title(' Voltage Propagati ng Waves');
ylabel (" V');

x| abel (" Di stance (\lanbda)');

figure(2),clf;

p2 = % | NSERT CODE HERE
set (p2(2), 'linew dth', 2)
set(gca, ' xdir',"'reverse')
xlim([0,length])

legend(' o™+, " lo™-","Isclj");
title(' Current Propagati ng Waves');
yl abel (" A");

x| abel (" Di stance (\lanbda)');

figure(3),clf;

plot(l_array,|sc_array*Zo/ (2*Vo_plus), | _array, Vsc_array/

(2j *Vo_plus), | _array, Zsc/(1j*Zo));

set (gca, 'xdir',"'reverse')

axis([0 2.25 -11 11])

a=line([0,2.25],[0,0]);

set(a, 'color',"k")

| =l egend(' $\frac{\tilde{l}sc(d)Zo}{2V_onr+}$", ' $\frac{\tilde{V}sc(d)}
{2jV_on+}9$', "' $\frac{Z {in}~{sc}}{jZo}$' ,'location',' NorthWest');
set(l,"Interpreter','Latex','fontsize', 15);

title(' SC Vol tage, Current, and | npedance');

yl abel (" V, A, \ Orega' ) ;
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x| abel (' Di stance (\lanbda)');

Solution

Appr oxi mat ed di stance fromthe | oad that produces an equival ent
react ance of 40 Chns, m
0. 0818
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SC Voltage, Current, and Impedance
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