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CHARACTERISTICS OF VERY HIGH FREQUENCY
AND ULTRA HIGH FREQUENCY DIRECTIONAL ANTENNAS

AND THEIR MEASUREMENT

E. Spindler

The Radiation Characteristics

The Radiation Characteristics as the Characteristic
VP- I ..w _/ a.w A-4-----

•

	

	 When we spear of the radiation characteristics w are speaking

of the general characteristics of the electromagnetic field that is

produced by an antenna in space. For the most part we consider in

this connection the distribution of electrical field strength or the

distribution of the radiation density (output of each surface unit) of

the radiation power. The most comprehensive representation is the

radiation characteristic, this can be calculated by a linear super-

position of the radiation from the elementary radiator, of which each

antenna is **isically composed. The radiation of the elementary

radiator that is in question is well known. Even so, antennas with

well known radiation characteristics can be considered as elementary

radiators, e.g., in the calculation of antenna groups.

Specific characteristics of the radiation characteristics are

of considerable importance it practice and for this reacon they are

defined more closely and special attention will be paid to them in the

following article.
F TD-HT--67=80/1+c+4 	 1
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the Radiation Characteristic

The radiation characteristic is also often designated as the

directional charai_.teristic. in receiver antenna technology it is

represented for the most part, depending on the value (it is generally

complex), in spherical or in a rectangular spatial coordinate system.

In this connection, however, only the relative radiation characteristic

is practical, i.e., this radiation characteristic is sta.ldardized on

the maximum value of the .held strength and in so doing we obtain the

standardised directional chatracteri lc

max

in which 0 and # is the angle of the spherical coordinate system.

When we speak of the radiation diagram (or directional diagram)

we generally think of an arbitrary section through the radiation

characteristic, in connection with which ,, however, the end point of

the directional vector describes a circle on the unit sphere.

If the section goes thrL- -h the radiation characteristic in the

vertical plane and if it obtains the main radiation direction then

we talk generally of a vertical diagram; if it is in the horizontal

plane and receives the wain radiation direction there we talk of a

horizontal diagram. This also holds true for the corresponding

standardised diagram. This is exclusively based on the following.

From the standardized representation all the characte ristic values

proceed in a simple 4m=ier. .

In order to characterize the directional diagram of an antenna

clearly, independent of the polarization of the antenna, we often

base the diagram on the polarization direction when we are dealing

11th linear polarization whict. is the case in this relationship. We

then speak of a diagram of the H-plane Or H-plane , abbreviated simply

0

.

as g or H diagram.

FTD-ffT-67=80'1+2+4
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In connection with horizontal polarization, fnr example, the

horizontal is identical to the E diagram and the vertical with the

N diagram. The diagrams are shown in connection with televis;.on

receiving antennas in the linear scale.

Gain

The gain of an antenna is generally given the most attention and

also the most important characteristic magnitude.

Since an an*anna, however, is a passive system, the gain can be

determined primarily by the direction characteristic. That is to say,

therefore, the increase in radiation density in a certain direction

takes place at the cost of the radiation density in another direction.

This is accompanied by an immediate relationship between the gain and

radiation diagram.

The gain in receiver antennas is defined as the ratio of the power

P$ from the matched antenna to the maximuL power given to the receiver

-to power P  which is given from a matched comparison radiation to the

receiver when the comparison radiation is in the same field as the

same field strength of the antenna and when it is of the same polarization.

G = T. or G : 10 lg Pa in dBN	 N

If the receiver- resistdnee is the same then the gain also corresponds

to the ratio of the voltages and is expressed as
T

G Ua or G - 20 lg a in dB.
N	 N

x
The ratio Ua,/UN is often designated az the " •,oltage gain". This

designation is, however, not exact since the gain is always a
i

performance ratio.

FTD-HT-67_8o/1+2+4
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The following a.e thought of when we speak of comparison

radiators: the spherical radiator, the elementary dipole and the

half Heave dipole.
In Table 1 we see the relationship between the gaits value of this

comparative radiator.

In television receiver antenna technology the gain is usual?-

based on a matched half wave dipole, thus, the antenna need i,ut be

matched exactly only the reference resistance is given (240 9).

These are, therefore, the conditions that occur in practice.

Correspondingly, this gain is des ignated as the practical gain (working

gain). This definition is, therefore, to be taken into consideration

when spearing of gain.

If we consider an antenna as loss free and if we attribute the

gain to a loss free matched spherical radiator according to the general

definition, then this gain is designated as the radiation gain (gain,

directivity).

The elementary dipole w : yn used as a. reference radiator in this

relationship does not have a practical meaning.

Standing Wave Ratio ( SWR)

In TV receiver antennas SWR means the ratio of the voltage

that, occurs from the receiver resistance -- when the antenna receives

from the main radiation direction - to the voltage at the receiver

resistance - when the antenna is turned 180 0 to the receiving direct.{gin.

U	 U
VFV 

Tf 
a or VPY 20 lg ^, a ^- in dB
180	 -180

The logarithmic va.liae is designated as the front ter, back rat i.o.

In this connection It must be pointed out that this definition canno t-

be used uniformly. Cft en the voltages set by ad;j °ust iriR the antenna

FTD-, HT-67- 80/1+2+4
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with 4w main receiving direc`ton to the transmitter in ratio to an

average value from the main receiver direction the rearward angle

range in set between 90 and 270°. This value does not, however, alloy.,

any exact conclusion to be made of the directional effect of an antenna.

In the definition that we have, however, the front to back ratio is

exactly for the entire angle chat was determined (0°/180°), In

combination with Other characteristic values a better statement is

theref^re possible.

Aperture Angle

The directional characteristic of an antenna contains the so-callek

main radiation ',ue in its main radiation direction. By means :?f it

the characteristics in the vicinity of the main radiation direction

are determined. The form and size of the main radiation lobL is

characterized in an approximate manner by the aperture angle. That Is

the angle range in a plane in which the voltage that is given off by

the antenna Is reduced by 1112 tinses (0.707 times) of the maximum,

voltage (in the main radiation direction).

At the same time the angle range in which the output that -eac?-:es

the receiver decreases by one half. For this reason this e agle area

is also designated as the half value width.

corresponding to the characteristic section througia the directions

characteristic, this angle is given for the '-: - , j - . .tai and verb c a1

diagram (or E and H plane).

fable I
Gain Relationships in Connection with Various
romparison Radiators

1 ^► C )l^we^^+MShfw.	 ^ ) l^se+R,n^:a^ 	^ ) at3.2^.^#	
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KEY.	 (1) reference radiator; (2) 1:-:, tropic
radiato ; ( ) elementary	 '4"	 pr;g
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Zero Position

The zero position is indicated to the position in .he diagram in

which the voitaf6e or power decreases to the sera value. Zero positions

a .ouch a" given with their angles.

'sty occ.,r wtr -, In antiinn+as the sum of all the discrete radiation

parts resul t in the zero value taking the counter phase ten th int

--onsidera „ion.

The possibility of the zero position occuring increases with the

number and expansion of the spatial arrangement of the elementary

rotator in which every antenna can be ar=aly%ed-.

Side Lobe Attenuation

Next to the main lobe in large antennas so-caked side lobes also

occur. As was already mentioned the directional diagram of each

antenna occurs as a linear superposiUlon of all the radiations of

d zcrete elem ntary radiators in which each antennas is made up. The

optimal phase position of these radiations make up the main loop.

5^ means of the varioL s radiation directions and the spatial distribu-

b„on of the elementary radiator there is a definite phase ratio for

each radiation (.irection which in addition to the amplitude determines

!--he sum vector. As already mentioned the main radiation loop occurs,

Yne zero pos ition, as well as additional maximal and minimal values

of the ~atal ^adl ation..

'he m.A a-na beyond the main radiation loop between the minima or

zer° j positiors are designated as "Che side loops. 3enerally, they are

.zndesir-able. The logarithmic ratio of the	 voltage value of

main ^^ r p `1. a ) and the maximum value of the aide loop ( P3tn8x^

g<	 :`.	 ?Q as the side .Comp attenuation dn,
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d 2e lg ^ in dBn	
uxmax

2 s.,a.^. ,r 3) . ^..........MW

41	 •
r]
^w

)

Fig. 5. Test arrangement for measuring the diagram.
KEY: (1) transmitter; (2) transmitting antenna; (3)	 t
antenna to be measured; (4) variable attenuaticn
regulator; (5) attenuation element; (6) receiver;
(7) voltage indicator

In order to give e-xact data on the side loop attenuation the

angle is required at which the maximum of the side loop appears.

r

Measuring the Radiation Characteristics

Two systems are regiAred as the energy transmission transmitting

systems in television receiving antenna technology: the symmet ri: a:.

system (246 2 ribbon twin conductor) and the coaxial system WC

coaxial cable) .

Ire meaauring 9the coaxial systeam is used exclusively, because the

lowest amount of errors are nbtalned with it. These errors occur.,

for example, by unwanted rays that strike the cable and the.measuring

instrument (symmetry error), a s well as the influence of mat,hing.

In measuring symmetrical antennas s ymmetry eiements with optimal

characteristics °.a used (e.g., A/2-bypas-a11.

MeasuringLhe Directional DaSra^1

As was already mentioned the standard representation is that of

a generallb valid expression. For this reason t'.e , standardized llagram

is used for - he most part. T!-- is means, therefore, that the maximL;rn,

FTD-HT-67-83 v f , 2 +4	 it



v'- 1ue of the voltage that appears on the receiver resistor (fin the
f

t

main radiation direction of the antenna) `ias t-he standard value of

In practice the diagram takes a E and a H plane. It shows the volt

a p a function of the horizontal or vertical angle. to angle zero,

is attributed in both cases 4o the main radiation direction (main

receiver direct oni.

An antenna is for the most part measured as a receiving antenn

in which the field is produced by a suitable transmitting antenna with

a receiver that gives the desired Frequency. 1'he receiver antenna

is arranged in such a way that it cin be turned and the power is

transmitted to a receiver. Basically, any selective receiver can be

used as the receiver which has a linear voltage indicator or which is

suitably calibrated.

In order to realize the required matching at the receiver input

its eve'^v ease an attenuation element that is wave resistance free with

an attenuation of about 10 to 20 d8 is comiec;ted in front of the

receiver.

The fundamental construction is, tr_us, as shown in Fig. 5.

Any standard receiver can, generally, be used to receive the

directional diagram. The linearity of the representation is pointless

to control, because we connect an attenuation element between the

antenna cable and the receiver of, for example, 3 day, 6 dB, add 20 dB.	 f

In this connection the Syndicated voltage must return consecutively 	 t

from 1112- times, 0.5 times and 0.1 times. If this condition is

fulfilled, then the directional diagra,-n can be recorded in the linear

scale with this arrangement in which the antenna is set to the

corresponding angle (in intervals of about 10 to 20 0
) and the

corresponding test value Is represented in a polar diagram or to

cartesian coordinates. '"he tes t, receiver that is used can, in this cases



a

have any automatic amplification cartrol. It` there is one 166AMW VIAMW

i

C

i
t

t

it must then be turned off. An external voltage is conducted in a

random canner as a control voltage which can be adjusted with

to Its magnitude, manually. In so doing the amplification of the

receiver can be regulated in such a way that the maxlmsi-m value 1 can

be adjusted on the indicating instrument that is available by a value

of 1, 10, etc. and in so doing we Find that it is very easy to read.

The si *-^plest measurement is when the horizontal polarization is

selected for the E plane diagram and the antenna is correspondingly

rotated horizontally when it takes the directional diagram. In taking

the directional diagram of the H plane. ver ti.ca.l polarization is

selectel appropriately and the antenna is turned horizontally.

In plotting the directional diagram, certain test errors could

appear by receiving the - final from several directions.

A possible case is shown, in Fig. 6 in which the antenna is
radiated from an angle 600 and the main loop receives an additional

reflected signal. The voltage that is Indicated by the test instrument

is s however the total voltage of both signals taking the counter

phase position into consideration. That means that both signals can,

in an extreme case, be added or subtracted. The possible error of

the dl.agram is shown its Fig. 7.

^^ o

4)

`	 Fig. 6. How an -rror occurs in Measuring a. diagram.
KEY: (l.) receiver antenna; (Z) reflected signals
(3) reflected objects (4) transmitting antenna; (5)
direct signal.; (6) receiver
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This error occurs especially when small values are to be

measured or when in the diagram there is a zero position. In connection

4itb ma" nnsitlaning & go-Called zero pns i t inn esYnrle is attained,

s
at

%--

Fig. 7. Effects of measuring errors in the diagram
(loop formation with zero position mark).
KEG:: (1; actual pattern; (2) measured pattern} (3)
direct signal

This situation is to be observed especially in the zero position

f the diagram of the E plane of dipole antennas at 90/2700.

Reflected signals, for the most part, result in a distorted field

due to their phase difference in comparison to the direct signal.

The best way, therefrre, to convince oneself as to whether the field

varies only within certain limits, Is before the measurement is made.

A variation of the electrical field strength of 0.5 to 1 dB is

considered as a permissible error. This control is carried out with a

X/2 teat dipole. In this relationship thevoltage of the testing

dipole can vary by the value indicated.

In receiver antennas the diagram pattern is shown up to about

26 dB under the maximur^r. value (main loop). That is I120 of the

maximum value and smaller values of the diagram are not recorded

exactly. This accuracy is sufficient for practice.

F` O-HT-67- 8 0/1+2+ 4	10
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Nomogram for Determining Orounded- Anode Stages

The following nomogram that is described is used to simplify the

measurement of grounded- -anode stages that are used as impedance

transformers. The grounded base stage, or also the cathode sequence

stage, has a low ohmic output and a high ohm!-- input.
ti

Ex le: A circuit with a ECC 82 is given.

The magnitude of the resistance R  is sought when the output

impedance is to be 60 A transconductance of the tube is to be 2.2 mA/V.

A straight line (broken line) is drawn From the value of the

transconductance to the value of rhe desired output impedance. The
y

section on the Ro-ordinate gives the desired value in this case

68 a.

a4.1 C

de

P
d• ^__-

fr)

J

KEY; (l) transconductance of the
tube in mA/V;	 (2) output resistance;
(3) output impedance

I

A.
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