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2. Introduction

At very high frequencies the transmisson d eledrica energy from one paint to another can
be accomplished using hallow conduction gpe structures, cdl ed waveguides, which can have
regular shaped cross gdions. Thereisno“goandreturn” path for the arrent asin the normal
two wire system, but instead the energy is carried by the dedromagnetic field pattern set up
within the pipe like structure. Regular cross gction shapes are used in pradice because they
give mathematicadly predictable results.

a) Waves

A wave is adisturbance moving through a medium. Only the wave is transported, nd the
medium. A cork onthe surface of water bops up and down with water, but it does not move
aaossthe surface with the wave.

A waveisa dange of state propagation through a medium.

b) Wavelength

The wavelength is the horizontal distance between two correspondng points. The wavelength
iscdled A.

a amplitude
A: wavelength
c: corresponding points

c) Veocity

The formulafor velocity isgiven by: v = ?

The velocity can be measured by courting the numbers of waves that passagiven pant in an

interval of time: v = %
The numbers of wavesin aninterval of timeis cdled the frequency: v =fA

Eledromagnetic waves travel with the speed of light (c): ¢ = 300000‘%

Hence c=Af O f=

>0



d) Waveguides

e) reflections

Any type of transmiisionline or
medium, even freespace, can be
considered to be awave guide,
but generally ,,waveguide“ is
used to refer to ahall ow,
cylindrical, or recdangular pipe.

Sincethe voltage along the
surface of an conductor is zero,
eledric waves form null s a the
coinducting wall s of aguide. For
thisreasonthe oblique linesin
the figure represent nulls, na
crests, and are spaced half
wavelength apart.

_ZO

Therefledion coefficient isdefined as r = ZL—

Z +Z,

Transmisson lines are mnstructed to deliver the maximum posgble source power to the sink
(load). If a arcuit isnot correct terminated refledions occur from the load back to the source:

The waves cancd out each aher.
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3. TheLab
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The lab equipment consists of a Klystron, as a microwave source, adirectional cougder, an
SWR Bench, aVSWR meter. Different terminations can be gplied to the equipment, which
were amatched termination, a short circuit and an open circuit and a matched horn aerial with
reflector to measure the wavelength.

a) Klystron frequency

The frequency of the klystron was determined by the wavemeter to 9.335Hz.



b) Matched ter mination

First part of the lab was to oltain a standing wave pattern, when the test equipment was
matched terminated.

Matched termination means, that any parts of the transmisgon li ne have the same impedance.
With corred termination noenergy refleds from the load bad to the inpu.

With Z,=Zo=Z: (=472

= =0 - norefledionsoccur
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From the &ove graph can be seen, that no reflections have occurred.



c) Short circuit

On alinewith ashort circuit al the energy isreflected back, because the cdharge onthelineis
reverted at the short circuit and areflected waveis st up.

fim = lim 2-~%0 = ~%0 _ 1 _ 4l energy refleded back
Z -0 ZL"OZL +ZO ZO

distance/lmm VSWR
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VSWR

distance/mm



d) Open circuit

With an open end d the line the magnetic field coll apses, becaise the arrent becoms zero.
The oll apse of the magnetic field produces an electricd field, which is added to the existing
field and the voltage & the open end increases and arefleding waveis st up.

. . 2L =27 0
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distance/lmm |VSWR

0 0.96 1% max
5 0.83
10 0.41 1% min
15 0.44
20 0.87
25 0.95 2" max
30 0.6
35 0.35 2" min
40 0.66
45 0.965 |39 max
50 0.83
55 0.42 39 min
60 0.44
65 0.85
70 0.94 4™ max
75 0.61
80 0.35 4™ min
85 0.63
89.1 0.92
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In the Lab na all of the energy was refleded (minimum VSWR=0.41), becaise some energy
was absorbed onthe open end.

e) Matched horn aerial

Last part of the Lab wasto use amatched horn aerial with moving reflector to measure the
wavelength. Therefore the distance between dfferent minimaonthe VSWR meter when
moving the refledor were measured.
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