















































MEASUREMENT OF

Microwave Tralner MWTS30

VOLTAGE AND STANDING WAVE RATIO (VEWR) ASSIGNMENT 2

CONTENT

EQUIPMENT
REQUIRED

OBJECTIVES

KNOWLEDGE LEVEL

In this assignment the measursment of voltage standing wave
ralio (vswr) of wavagulde componerts is underiaken using a
wavegulde slotted-line and probe detector. Voltage standing
wavae ratlo, Invariably abbreviated to vewr, Is one of the
fundamental parameters used In spaclfying componant
performance. It quentifies the degree of mismatch a component
presants to the waveguide feed line.

Quantity Identifying lettar Component description
1 - Control console
2 Variable attenuaiors
1 Slotted line

1 Probe-diode detector

1 X-band source

A T o O >

1 Resistive termination

1 N Waveguide hom
When you have completed this assignment you should:

W Know the definition of voltage standing wave ratio and its
relation to reflection coefficlent

m  Know how to measure vewr using a sktted line and probe-
detector .

m- Know the method used to measure high values of vewr
No prior speciallst knowledge Is required to camry out this

axperiment, atthough completion of assignment 1 would be a
distinct advantage.




Microweve Tramar MW TE30

MEASUREMENT OF
VOLTAGE AND STANDING WAVE RATIO (VSWR) ASSIGNMENT 2
INTRODUCTION When a component Is connected Into a transmission line system
k will caurse raflection at the junction between the line and the
componsnt unless i ls comectly matched or & matching unit Is
used.
The reflected wave from the componeam and incident wave from
the source sat up a standing wave patterm in the feed line as
illustrated in figure 2.2.1
Incident weve, V;
microwsve [ S ——— Ipad
sOurTe —_— {companent)
refactive wave, ¥, |
1 reauttant
ampltude of
standing wave
me:
. E Vmin {Emin}
distanca from bbad

Fig 2.2.1.5tanding wave pattam: vewr S = Vi Vinin OF Eged/'Emin

Standing waves cause undesirable effects. They can give rise to
vary high values of votage/electric fleld strength In the wavegukia
and this can causa breakdown in high-power systems, Reflection
caused through the mismatch between the line and component
reducas the amournt of power that can be transferred balow
optimum and can adveresaly affect the efficiency of a
communications or radar system. Power can be wasted in a
transmitter by being reflected, for example, at the antsnna Input
Likewlse, power can be lost by mismatch reflection at an
antenna-recelver station. C

The voltage standing ratio, vswr, s universally used to quaniity
the degree of mismaich, It s denated by the letter § and defined

as:
S = VI'I'IK - &
Vimin Emn _
where Vma, Ema =volage or electric flald strength at a position of
fleld maxtmum )

Vmn, Emn = voliage or electric fiekd strangth at a
position of field minlmum
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There Is an important relation between vewr, S, and reflection
coefficlent G:
Q=VeV,
where V, = incidert wave voltage or electric field amplitude
V, = reflected wave amplitude |
and since  Vm=Vi+Vi=Vi{1+G)
Ven=¥ -V =V;[1-G)
G = Yme _ 1+ T
Vi 1-T
_5-1
" S5+ 1
The table below provides a useful gulde to the relationships of
vewr, reflection coeffident G and power reflected due o
VSWI Reflection % power reflected | Comment
S coefficlent T T 2%
1.0 0o 0 System matched
1.05 0.048 0.22 Very good match
156 0.2 . 4.0 Falr, just acceptable
2.0 0.33 . 11.1 Poor match, not usually acceptable
5.0 0.67 44.4 Reject, faulty, unacceptabla

The voltage standing wave ratio produced by a waveguide
componant may be measured using a clotted wavegulde saction
and a diode detecior probe. The siottad section Is insarted in the
wavagukde system to provide & means of sampling the standing
wave electric fleld pattem produced by reflection from the
component under consideration. The siotted section conalsts of
waveguide with a_narrow axlal siot cut In the cantre of Its broad
tace as indicated in figure 2.2.2(a). A narmow slot In this position is
non-radiating and causes negligible distortion to the waves within
the waveguide. Coupling to the slectric field ls made by a probe
which panstrates a small distance through the siot as flustrated in
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figure 2.2.2(b). The probe Is connected In series with a crystal
diode .detector and the unit conalned In a carriage that may be
moved along the slot so enabling the field at diferent exal
posilons o be measured. The diode delector rectifies the
sampled microwave signal and the rectifled current Is measured
on a DC millammater.

Fig 2.2.2 Siolted wavegulde and diode datactor probe unit
for measuring voltage standing wave ralio

For small currents the dlode-detector cbeys a squara law such
that the detected cument Is proportional to the square of the
slactric fiekd inducad in the probe. Thus, if the values of maximum

and minktmum current are measured, we have:

W'S=E

Emin
BO S = -EE = % = IE
Emin ran J i i
where  lne= current maasured &t field maximum E’nax ’
Where e = Curant measured at fiald meaximum Emn .

_fur amall current condttions
a.0. If Inax 18 measured at 4.6mA and Imn at 3.2mA

g = Emm _ 1""“ = JT48 = 12
 Eain 32
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L TH

Voltage stending wave ratic can be measured without knowledge
of the diode-detector characteristics by using a precision
attenuator. The probe Is moved to a position of minimum and the
value of the attenuator attenuation Ay dB noted which glves a
convenlent current réading on the meter for reference. Tha probe
ls then moved to locats a posttion of maximum and the ettenuator
adjusted to provide the same reading as obtained wih the
minkmurmn, Suppose the new attenuation value ks to be Az, then

aftenuation added = Az — A
= 10 log {Eme/Emin)
= 20 kg (EmadEmn)
=20bbg 8

s0 S =antilogie (Az — A1V20 or 1002 -AN

For large values of vawr, typically S » 3, Emn and therofora the
detector current wiil become very small and the ratio Eqg 10 Emn
Increasingly difficult to measure accurately. For thasa cases a
method based on locating the minimum and determining the
distance between points elther slde of the minlmum at which the
field Is a constant factor, k say, imes the minimum value. With
reference to figure 2.3 and assuming a squere law for the diode
detaector, the vswr may be evaluated from the formula

J 8 = J[ K- cos® (x/2g)]

on (32]

whens d = distance between points wheme
elactric field, E = k Emn
detector currant, | =1 ln
k = gulde wavelength
IE = WVun
It Is common practise to choose I = 2 50
d = distance between points where detactor cumrent equals 2 Imn
ardinﬁlﬁnasahafnnnulﬂfanmducestu
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................................... 1 K2 bmin

----------------------------

- L et Imin

Y

d ie—

&
&
LT S R, e

L.

Fig 2.2.3 Piotiing around the fieid minkmum method for measuring high vaiues of vswr
e.g. fd=1.5mm and |, =235.5 mm
pdig = 0.133 rad or 7.61°

50,

-

3 T
5=J[1+ﬁ:|- [1+5?.1]-—?.E

EXPERIMENTAL
PROCEDURE
WARNING
A Never look info an open-ended waveguide system
microwave radlation can cause ham
1. Seat up the equipment as shown In figure 2.2.4 with the reslstive

termination component connectad to the siotted line secllon. The
depth of penetration of the probe of the diode dstector Into the

slotted line should be set at approximatsly 1 to 2 mm.

Our first task is to measure the vswr of the resistive termination

component.

{
[
{
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Filgure 2.2.4 Experiment set up to measura vswr resistive load

Set the switch mnditluns on the console as follows:
amplifler and detector: ewitch to detector output

ampitfier and detector sensltivity control: tum to mid-posttion
supply for X-band osclliator:

left-hand keying switch: switch to internal keying
right-hand switch: intlially off

Now switch on the console power supply, the main green swiich,
and energlse the microwave bench by switching the right-hand X-
band osciltator switch on

Sat the attenuator at about 25° to provide a reasonable level or
attenuation In the system. This ks good practice since attenuation
between the microwave osclliator and the equipment it drives
halps reduce detuning of the oscillator due to reflectad signals.
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Move the probe-detector untt along the slofied line fo lbcate a
position of electric field maximum. Adjust the detector senshivity
of the ampitfier and detector on the console and, if necessary, the
attenuator setting to obtain a meter reading close to fulkscale
deflection.

Record the detector current may corresponding to Eme.

4. | Now move the probe-detector unit away from the maxdmum and
locate accurately the position of the adjacent minimum.

Record the detector current lmn cofrasponding to Em.
5. Using the rasults: Ing = _ lmin =
Calculats for the resistive load termination:

mE\"SWFS:—EE= ﬁ:
Emn Jlﬂh

the reflected coefficient,

&- 1

N = s+

the % of power reflected,
100ITE = %

the retum koss,
P _
1DIugF = 20kgIN = . dB
i

whaere Pr, Pi = reflected and incident powers, respectively
G. _ Measuremeant of vewr for the hom antennas

Remove tha resistive load termination and connect ona of the
hom antennas. Measura [is vswr by measunng lme 8nd lmn 85
described In eteps 2 and 3. Hepeat” with the second hom.

mmmmmmmmmmmmmmmmmmmmmmmmmmmﬁmm—m
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Results and calculation of vewr
Hom 1 Hom 2
Im = Im =
lin = i =
VSWT = ’E = vewr = fmex _
lriin knin
7. Moasurement of larger valuea of vewr:

plotting around the minimum method

The horm antenna presents a very good match to the waveguide
and hence has a vewr qulte close to unlty. A component with a
higher value of vewr can be simulated by using the second
attenuator terminated by a short-circult plate.

() Remove the horn and connect the attenuator terminated in
& short circult as shown in figure 2.5,

=3
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SUMMARY

(i) Setthe attenuator to 40° which provides a fairly low
attenuation value (typically 2 to 3 dB).

(i) Move the probe-detector along tha slottad line section to
locata an electric field minlmum. Note the detector metar
reading Imin.

{iv) Next move the probe-detecior to the right until the detector
meter reglsters twice the minimum current valus, i.8. 2 Iy
{corresponding to kZ = 2). Record tha probe-detector
position on the slotted line acale, x, say.

(v) Now move the detector probe to the lett through the
- minimum and locate the postion where the dstector meter
current is again 2 inn. Record the probe-detector position,

Xg.

(vi) Measura the guide wavelength by finding the distance
between successive minima and remembaring:
distance between successive minime =¥ |

(vil) Resulta and calculation of vewr

postion where | =2 lmm: X

Xg
d
ly = 2 X distance between minima

VEWrS=1+ L ]

Xy - Xg

s | ®d
n —
sl A

The vswr of waveguide components has been measured using a
wavequids sictted line to measure the ratio of maximum to
mintmum slectric flelds produced In the standing wave pattem set
up by the components.

Components with a vswr close to 1 have very low réflection
costiiclent and present a good match to their waveguide feed.

A method for the measurament of large values of vewr based on
detammnining the relative width about an electric field minimum has
also been undertaken. Both methods assumed a squara law for
the dlode detector. Measurements of vewr Independent of the
diode detector characteristics may be mada by measuring the
ratio EmesEmn Using a precision attenuator,



UNIVERSITY OF TECHNOLOGY, JAMAICA

SCHOOL OF ENGINEERING

MODULE: Microwave Systems

- Lab3 -

Horn Antenna Investigations

Beport:

1. Your reports should be submitted individualty and should include the
measurements taken and any calculations made.

2. The discussion of your report should include an explanation of the shape fo
the radiation diagram obtained, and explain why certain this type of antenna
may or may not be suitable for certain ¢example applications (you are to think
of at least four (4) different applications),

3}, The report should be submitted on or before Wednesday March 28, 2012, and
marks will be deducted for late submission.




U

i

i

iy

i ln

Il-'

o

W W ow

Wk )

W w w W

i

Microwavs Traiver MWTS530
HORN ANTENNA INVESTIGATIONS ASSIGNMENT &
CONTENT A test bench Is set up 1o investigate the radiation pattern of a

rectangular waveguide pyramidal horn antenna. Polar radiation
diagrams are plotted and the 3 dB beamwidth of the antenna is

determined.,
EQUIPMENT
REGQUIRED Qty identifying Letier  Deacription
1 - Control cohsole
1 A Varable atl:em_.:atur
1 K Resistive load termination
1 M Diode detector
2 N Hom antenna
1 P X-band oscillator
OBJECTIVES When you have completed this assignment you
Wil appreniated' the directional radiation characteristics of

a hom antenna and know how to plot its radiation pattern

Know how to measure the beamwidth and gain of an

antenna

KNOWLEDGE LEVEL  Before you start this assignment it would be an advantage

To be familiar with the operation of the microwave bench

Know that microwave signals can ba detected using a
diode detector and for low-level signals, that detected
output is proportional to power

To appreciate the role of antennas in' the transmission
and reception of radio waves
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INTRODUCTION

Antennas are essential components in the transmission and
raception of radic waves. In the microwave range highiy
directiva antennas capable of producing the narrow beams
required for the line-of-sight links and satellite communications
can be deslgned. The horn antenna, whose radiation
characteristics are investigated in this assignment, plays an
important role as a radiator of microwave energy in its own right
and also as a primary feed for reflector antennas employed in
microwave radio links and radar.

The directional characteristics of an antenna - the directions it
radiates energy into space - can be visualised graphically by
plotting radiated power density versus angular direction. These
polar plots are known as far-field radiation diagrams, the latter
qualifying the condition that measurements are taken at a
sufficiently tar distance from the antenna to reprasent the
characteristics as depaendent primarily on angular direction.
Close to an antenna the radiation pattern is very complex and
seldom used in practice. The far-field conditions are satisfied at
distances,

rz 20°/ %
where D =largest antenna dimension
A = transmitted wavelength

To fully describa the directional properties of an antenna two
radlatlon dlagrams are normally required: one in the horizontal
plans, in the case of the hom antenna this would be the
H-plane with respect to the horn sketched in figure 2.6.1, and
oné for the vertical plane, the E-plane in figure 2.6.1.

E-plane
(vertical y
P radlated
lane i ¥ wave
(horizontal)
E = Elactric field

H = Magnetic field

Figqure 2.6.1 Pyramidal horn antenna

') T )

Al (T L1 LT PR RS |1

Tk

qin e AL AL

1 R R, S T |

AN

11 £ Y AT

11

M s

1

Fa



o & d idi

W

Wb

o

W Wl

w

M

Wow W W g W b e

)

Microwava Tralner MW TS0
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A typical radiation diagram for an antenna with diractional
radiation {(and receiving) proparties such as a homora
parabolic reflector fed by a horn is shown in figure 2.6.2. The
angular spread on the maln beam between points where the
power draps 10 one-half or by 3 dB from the maximum is known
as the 3-dB beamwidth and is an important measure of an
antenna’s directlvity. Not all radiatlon is confined to the main
beam and subsidiary beams at lower power levels and known
as side-lobes ocour. side-lobes and spill-over radiation can
cause interferance in microwave radio systems and their levels
must be carefully controlled by antenna designers.

3-dB bandwidth

i

v

Figure 2.6.2 A lypical radiation diagram for a directional microwave antenna

One of the most Important parameters of an antenna is its gain.
Antenna gain compares the power radiated in the direction of
the main beam with that of a hypothetical antenna radiating
equally in all directions. Antenna gain is defined as:

G = p/pi
where p = power density W/m? radiated by antenna in given
direction

pi = power denslty radiated equally in alf directions
= Prapr?
P =total power raclated
r =distance from antenna

4pr? = surface area of sphere radius r
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For aperture type antenna such as horns and parabolic
reflectors, gain is given by the formula:

4z
G = H?A

whara A = area of antenna aperiure

1| = apertura llluminatlon efficiency (typically batween
0.5 and 0.8)

Giain is vary often expressed in decibels, dB:
G dB = 10 log (p/pi) dBi

The § qualifying, isotroplc, the fact that the reference antenna
radiates isotropically (equally In all directions). Tha product of
antenna gain G and radiated power P is known as the effective
isotropic radiated power normally abbreviated to EIRP:

EIRP =G x P

The power received in a line-of-sight radlo link can be
expressed in terms of transmitted power and antenna gains;
the recelved power

A ¥
= X|—| X
F'nﬁ Pr Gr ( 4ET] Gn

where Py = transmitter radiated power
Gr = gain of transmitter antenna
Gin = gain of receiver antenna
| = wavelength
7 = link distance

The above formula is extremely useful in power budget
calkculations for microwave radio links. It may also be used to
measure experimentally the gain of an antenna. If Pris
measured for a given transmitted power and a reference
antenna is used over a link of known length, Gr can be
determined:
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MO

Gr

orindB G,dB=10log {Eﬂ-] + 20 log (%J-GHGB

T

EXPERIMENTAL
PROCEDURE

WARNINGI

A Do NOT look directly into the transmitter antenna when
taking measurements in this experiment,
Remember, although the power levels produced by the
microwave source in the Trainer are low, microwave radiation
¢an cause harm and and eyes are particularly sensitive.

1. Connect up the equipment as shown In figure 2.6.3. Switch the
X-band source to intemal keying and the meter to detector
output

Figure 2.6.3
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g

2. Ensure that the distanca r between transmitter and receiver f
homs is about 30 cm. This distance partially satisfies the

conditions that measurements are takan in the far-field, whilst £

providing sufficient scope for the received signal levels to be
detected. The far-field conditlon Is

EDE
T =

where D = maximum dimension of hom apsarturs = 8cm
A = wavelength = 2.8cm for f = 10.7GHz
80 r= 2D%A = 38cm

Thus the condition is not gulte satisfied. Howevaer, reasonably
accurate results for plotting a radiation diagram can be !
obtalned with r = 30cm. It is also important to ensure that the
radio path between the antennas and their surrounds are free
from chstacles, particularly metallic structures, which could *
cause reflections into the antennas and give rise to false

results. '-

3. Switch on the console power supply and X-band oscillator !
source. Set the attenuator to a low attenuation setting, typically
40° on the attenuator scalg, and turn the amplifier-detector
control up to maximum sensitivity. .

Align the antennas for the line-of-sight 0° position. In this

position the transmitter antenna will be radiating directly in ling

with the recelver and correspond to maximum antenna gains !
and maximum received signal.

Adjust attenuator and detector-amplifier sensltivity to obtain a
mater reading close to full scale deflection. Record this
reading.

4. The radiation diagram for the transmitter hormn can now be
obtained by rotating the transmitter section from the 0° position
through steps of 5°up to 40° either side of the 0° position.

Record measuremant of received signal level as indicated on
the detactor meter in a table such as that given below.

The angle of rotation Q° can be set by usa of a protractor and
aligning tha adge of the transmitter hom at right angles to Q°
direction as indicated in figure 2 6.4,
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Angular direction Diode detector Angular diraction Diode detector
@° meter reading a° meter reading
I mA I mA
0!: ﬂn
+5° - 5°
10° 10°
15° 15°
20° 20°
25¢ 25°
30° 30°
35¢ 35°
40° 40°
Table for logging radiation diagram results
f=p
™ — D— RX
tranamitier reCsiver
—
18
P RX
= .. & D‘
] |: ) J‘ =
N :
%
v ! -
D— RX

Pl M M e miivns b memE mf ;o ad?  d em sm o mdm

- e amm ol o — M e M &Y .
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5. Plot the polar radiation diagram of the horn antanna on polar
graph paper, an exampis of which is shown below in figure 2
6.5. ©° Is the angular direction and |, the diode detector output
current, Is directly proportional fo power for small signal levels,
Thus a polar plot of | versus © reprasents the power radiation
diagram.

Frorn the radiation diagram determins the beamwidth betwasn
half-power point (3 dB} lavels, that is the angle between points
on the polar curve where the power drops to half of the
maximum gain of the © = 0° position.

-1 0 4o

Fig 2 6.5 Polar graph peper for plotting radiation diagram

6. Interchange transmitter and receiver antennas so their
respactive roles are changed and repeat the experiment to
obtaln the radlation diagram of the second antenna. Compare
the two diagrams and their 3 dB beamwidth.

7, The gain of an apsrture typs antenna is given by the formula:
4
G = Tl"‘f A

where n = aperture efficlency
A = aperturs area
Assuming that the aperture efficiency of the homn antenna is

60%, estimate tha galn of the homs used in the experiment at
the 10.7 GHz source fraquency.

A M A M AR A
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Half power points occur at -18° and +16°
50 3-dB beamwidth = 18 + 16 = 34°
Gain: dimension of hom aperture are:
7.3cm x 4.8 cm
s0 Area A = 7.3 x 4.8 = 35.0 cm®
and| =3x10%10.7 x 10°
=0.028m=28cmatt=10.7 GHz

Hence estimate of gain using

4n
G = T'I? A withn = 0.60

35

= 08 x4 x — = 337
2.8°

orindB 10 iog G = 15.3 dBi
Gain using formula:

3V
F"n=F’TGTI(4—EF] Gn

and assuming Gr = Gp=0

provides
{ P [4nr]
G=—|x|—
[F'T) 8

- (“‘”5]::(4" X “'5] - 35 or 15.5 ¢BI
2 0.028

B Ar. ale i At sk B M dar M A TR

Akx

A ATw__ adh

1§ ALk ) |

3 &9

Bk

1 Y



UL

Ww W w ww @Www e ww w

¢ oW W W oW W oW W oW a W

E LI L

R LN REEE LN TR TR |

L¥

HORN ANTENNA INVESTIGATIONS

Microwave Trainer MWTS30

ASSIGNMENT &

SUMMARY

The gain of the antennas may be measured experimentally by
determining:

Pr = total power transmitted
Pr = power recelved

or the ratio Pr/Pr

and utilising the formula:

l ]
Pp = PTGTx(m] Gn

where G, Gg = gain of transmitter, receiver antennas which in
our case can be assumed equal.

QOutline how you would measure gain G of the hom antennas
and calculate G for the case

Pr=2.0mW
Pr=0.06 mW
r=056m
t=10.7 GHz

The radiation diagram of horn antennas has been investigated
experimentally using a basic microwave test bench, The polar
radiation diagram has besn plotted and the 3dB beamwidth of
the antenna determined. The measurements taken were in the
H-plane and indicated the hom antenna to have a directive
radlation pattem.

Angular direction Detector Angular direction Detector
Q° I mA ° | mA
0° 4.0 o° 4.0
+10° 31 -10° 3.1
+ 20° 1.4 - 20° 1.5
+ 30° 0.38 - 30° 0.4
40° 0 - 40° 0

'Specimen FRestits
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Fig 2.6.6 Radiation diagram for hom antenna
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