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CONSIDERATIONS GOVERNING THE FEEDING OF
ANTENNA ARRAYS BY A SINGLE TRANSMISSION
LINE (OR WAVEGUIDE) WITH APPLICATIONS
TO 70 CM. VARIABLE FREQUENCY V.E.B.

I. FLEDING OF FIXED FREQTENCY ANTENNAS:

l. General Considerations

We will first discuss the factors involved in the design of
e single line feed for a fixed frequency array and later the additional
considerations introduced by requiring that the entenne operate over a
frequency band of about 15%. The former problem is relatively simple,
the latter more complex.

Let us consider the possible methods of feeding & number of
dipoles by & single transmission line.

(1) Using complex impedance dipoles:=

(1) Spece such dipoles nk/% cm, apart and start at the load
end (end of the line remote from the generator) at a pure resistance
point, The complex dipole load at a resistive point on the liic will
cause & shift of the standing wave along the line thus eltering the
voltage and phase of succeeding dipolese

Examining such a case on en admittance chart will show that
the total phese shift cannot be greater than 90° so that if the dipoles
are highly reactive a large standing wave ratio (S.WeRe @ K = Emax/Emin)
will result at the input which may be difficult to match to the trans-
mitter,

It must be noted also that each dipole will not absorb equal
power unless Gp is varied as Gp, changes.

Since: P, Gy,

where P[, Gy, refer to line on load side of junction

Pp, Gp refer to dipoles.

P = power
G = conductance

Feeding at & complex impedance point would not improve the
situation,



(ii) Spacing the divoles (nA/2 + aM) apart, however, would
remove the difficulty of the large standing wave ratio at the input
since the susceptanzes udded at points of positive and negative line
susceptance, would tend to cancel (this may be clearly seen from an
. admittence chart).

Each dipole, however, will still introduce a shift of the
standing wave at its feed point snd consequently a variation in phese
and voltage slong the array unles. the ratio XD/FD is chosen so as to
introduce no phase shift and the ratio GL/CD is mede the correct value
at each point such that each dipole absorbs equal power,

(2) Using pure resistance dipoles:-

From the above discussion of complex dipoles it seems evident
that a considerable simplificaticn could be realized by using a pure
resistance dipole. It is obvious that with such dipoles the feed shoull
be at pure resistance poirts, (nk/? apart) so that the loads will be
in shunt.

To avoid too large a S.W.R. at the input end, ‘the dipole
conductances will have to be low, tince S.WoRe = $6p/fo (whers Yo

is the characteristic admittance of the line); but then to avoid too
lerge & S.W.R. at the other end, the line must be terminated i1 2 load
of G > Gp. Then :,7.R. at input = (G + & Gp)/ Lo

Now we note that the dipolesintroduce mno shift of the standing
wave and, since they are effectively in shunt at the input end, they
are driven with the same voltage, and if they are of the same conductance
they will draw equal power. Hence we have a quite simple method for
obtaining en array fed in phase and with constant voltaege. Here also

by vaerying Gp we heve a simple method of introducing e tapered illumination

function along the array, and of correcting for attenuation.

2. Design Proccdure

It is evident that case (2) is the simplest approach to the
problem and we shall now consider it in more detail.

Let us find the relationship between the dipolg impedances,
the load impedance and the power uissipated in this load on the condition
that each dipole absorbs equal power Pg.

Let number of dipoles be n
total power be P
load impedance be y3o (8¢ is characteristic impedence of
line)
fraction of P ebsorbed in loed be Po/P = 1/x

(x and y are constants for a given array)
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let dipole impedances be

Ry, Rg, seee Hp esse Rm.]s; Bp (pure resistences and numbered
from load end)

and impedances looking into junctions (1,2,3, «.e n) of the
dipoles and the line be

Bia Bgs BY oeees By weses Bp g, B,

Then P

.?.2. = ?l__ = .1__..._...—; = 0 (2)

Pl b} Zo _(P - E x=1

n X
g! = By . ny@o (3)
R1+¥8o n+(x=-1)

Similarly it may be shown

R, = VB0 (4)

x=-1
1

B = Y Bo 5

n n+m(x~1) (5)
In particular

ZA = Zinput ° Jzo (6)

x
Therefore the S.W.R. at the load end = Y80 = y (7)
B
and S..R. at input end = 20 = X (8)
YZo y
x

This conclusion is noteworthy; i.e., that the match at the input end, under
the conditions of r sistive dipoles at resistive points on the line drawing
equal power, is independent of the number of dipoles end determined entirely
by tile rrescribed conditions at the load end.

If we make S.W.R. at input = 1:1
case (1) y=x (9)

If we meke ScW.R. at input end = S.W.R. at load end
case (2) y = x/y or x = y? (10)
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The larger ia2e x the smaller the power dissipated in the loed
and the larger the S.W.R. But if this array is to operate on a fixed
frequency we see that this "dissipated" power may be taken through a
L/Z transformer end used to drive a second portion of the array and only
a smell fraction of the total power (or none at all) need actually be
dissipated. But in choos’ng x we must also note the smaller the x the
larger the Zp hence we must make a compromise between the maximum SefieRe
allowable arid the value of Zp.

Choosing between case (1) and case (2) will depend chiefly on
the length of antenna and the power to be put into it. Case (1) leads
to a higher value of Zj than case (2) but case (2) gives its maximum
S.W.R. at the input end (as well as load end) where a large S.W.R. is
most likely to promote a voltage breakdown, ;

Teking a specific exau, 13 lot us tolerate a S,W.R. of 2:1 and
consider a design for a 1(CQ element array on the basis of case (2).

For first section, y = 2, x = yz = 4,
Then percentage of power "dissipated" at end of section 1) = 1/4 x 100 = b,
Therefore we will include 75 dipoles in section (1) and their impedance
will be

#1m = nyso = 75(2)5o = 508,
x -1 4-1
For second section again y = 2, x = 4

25% of iaput

And percentage of power "dissipated" at end of section (2)
6.25% of total.

Therefore section (2) contains 19 dipoles of impedance

Zon, = 19(2)20 .. 12,6720
4~1

For third section agai y =2, x = 4

25% of input
1.55% of total.

- And percentage of power dissipeted in loed

Therefore section (3) contains about 5 dipoles of impedance

7l & 5(2)20 .. 3.33%

41
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By tolerating a larger S.W.R. the dipole impedence may be
reduced and it mus: be enphasized that the reasons for keeping the SeliekKe
down are losses and voltage breakdown since the large S.WeR. in this
case does not lead to any variation ia the voltage and phase of the
dipoles. The voltage and phase remain constont since each dipole is
fed at the maximum or minimum of a sine wave as shown in Figure 1.

II. FEEDING OF VARIABLE FREQUENCY ANTENNAS:

1. Factors affecting the power distribution on the array

Now let us consider & similar entenna to operate over a
frequency band such as a variable frequency VEB antenna with a +7%
bendwidth, Referring to Figure 1 we see that "off" the mean frequency
each slement will no longer be fed at a voltage maximum or minimum but
at o point (m=1)A® degrees from e meximum or minimum (A% is phase
shift corresponding Af frequency shift). The voltage along the dipoles
for «ff-frequency operation is shown in Figure 2

It is of interest to note in passing that Figure 2 has buen
confirmed experimentally on a resistor loaded line - see Section III (1)

Returning to figure 2 lot us define certain voltages:

(1) Considering the actual S.W. curve of voltage, E, (rem.s. value of
the instentaneous voltage), the power along the line is given by

p = Emax X Emin . _(_E_')f_

ZQ ZO

where E' = /E;ax X Bpy, = mean voltege on line.

(2) Considering the S.W. curve form d by the voltage at the dipoles,
Eqs i.ee ignoring the fluctuations betwsen dipoles we may say that

2
E x E ; E4?
d max d min _ (Ea?) A P

~
“o Zo

where Eq' = /Eg max X Eq min = meen voltege on dipoless

The validity of this approximation is given by the following:
If By pex 8nd Epex ere measured at or nearly at the seme point on the line

Eq mex 2 Emax

but B3 pmin must bo measured some distance along the line from
Epin therefore
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if Bpap = ‘Eﬂ?}_‘_. (wrere K = S.We.R. of E at section of line
K where Fpgx end E ;. are measured)

since K is a slowly changing function along the line,

then Eg nin = ~E_1qu e Emin
and ./ Py ?E_nax x Ed min _ (34%)2
g Zo

For the remeinder of this section, we shall write simply E for Eg's
Now considering the dipoles to be driven by this new voltage E,
let us find the nature of this curve when each dipole is radiating equal

power’ off frequency % Po. Let the dipoles be at

m = 69 1: 2 Lae 00 (n = l)

2
E¢(m) _ P (nassing m+1%" dipole)
uo r
= |n - (m—"l)] P,l:z
or I°'(m) = 3,P Eh-1~m] (11)

a parabola in the (m,E) planc with vertex at (n-1,0).

The average power into each dipole = G(m) E2(n) = P,

(&)

S Gm)= Po o _Fo
E® BoPo(n~1-m)
or G(m) . 1 (12)
Yo n-l~m

s Such values of G(n' would lead to & large variation in the feed
"on" frequency because each divole is fed with the seme voltage. Ticre-
fore let us find the curves E(m) and P(m)(Z power into mth dipole), for
any given curve of G{m), This siould enable us to choose the best G(m)
for the antenna.

We shall change from the discreet varisble m to the continuous
variable x letting one unit of x correspond to the distance between two
dipoles (i.e. dipoles at x = (,1.2 ac.. n-1) and set up a differential
equation for the antenna, :



Let G = G(x) be “he conductances per unit of x then

¢y = -GE? "dx ' (13)
ZO
2
or d E = = E. dx
L3 T
. ,
2 Jr?o 4x
or E°= ¢ e (14)

Thus for any function G(x) we know the curve of E(x) and con-
sequently also the curve of P(x) = E2(x) G(x)e It is obvious from
2qe 12 that if there is to ve no load at the end of the antenna the
varietion in G(x) for a long array is prohibitive for on=-frequency operation
and therefore a load is rcquired which in effect replaces the last T
dipoles and therefore x does not become greater then n~1-T. We shall
want to know then the power in this load P, and the power into the
dipoles P(x)e. Since it is simpler to apply experimentallly let us con=-
sider the case where Yo/b decreascs linearly from input end to load end.

K
LetR=R(x)=% Zhy ' .
R
.-?- = A, Et_o_ = K -
B Ry T
B+ 1=mn=no. of dipcles kn
. :
Then *o _ Ki ‘
5 , X
0
And f Fi 3 I :
and from Figure ., FrouRE 3.
R . g - AlK-1)x (15)
r B
-Jo N
7 g o T i -1
Thercfore et resonance Z.= (Z\ = KA = A(K-1)x |, (18)
¥ Zo/ i B

which is the more general form of the hyperbolic curve (12).
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It is important to note that over a 15% frequency band for most
dipoles the conductances remain substantially constant (see Section (3))
hence Eq. 16 holds "off'" frequency as well as "on'",

. [G ' dx B P A(K-1)x
. - —— dx = -‘} = 1 Y e —————
N ”KA_A(K-I)x‘; TE-1) E ‘ = B
=== L
B
|- G A(K=-
.2 +losika - AEL)x 1)"] (%=1)
oe E" = C e ¥ B
B

- C tKA A(h-l)xJ (K=1)

B

For convenience set

2
E° = 1 when x = O or Pip = Eed (Piy = input power to line)
Zo 2o
... C = -———l—_n—
Eug A(K-1)
B B

g s g MEIJ [K_

(K-l)x] A(X-1)

B
Let power absorbed by all the dipcles = Pg
Let power absorbed by a dipole at x = P(x) = G o
B B,
eo BoPs = [ g p(x) ax=. & g2 ax
J 0 ) YO
o )
B By x(IL-l)-' A(K-l)
L e K / L - | »
N x(K=-1
‘O Al? . (
Solving we have B
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But Z, Py = 1
B

..o Zo Pload = ZO PL = 5Q(Pj_n - PD) = K A:K-‘l:

- D
i.e. fraction of power in load = K ATE-T)

We will work out several other-useful values

--...__}.3__1_7 B o
G L= N
o (K - %(Kd)

B, P(x) = 7o F B

Lo

const. when __B =1
A(K-l;

which fram Eq. 15 gives us as the condition for constant power into the
dipoles that the slope of the R/Zo vs. x curve should = -1 which checks
with Eq. 12.

ZO PO = -I]-{‘_-A.-

. B
B, P = & » B(K-T) = 1

A B
a BETT
P 1= B
;E.a K A(K-1)
(o]

Totael conductance Gg &t input due to the dipoles "on" frequency.

E§=’PG(x)dz=f__dx
Y ety S
Yo vy O o A h~(k 1)%]
B
= B loge K 2,3 B los1g X

= L

A(K-1) A(K-1)

Gin Gg + Gy, where (G, is the load conductance

- = - (Gin is the conductance at
° ° ( input due to dipoles
Fraction of power in load = EE. ( and logds

Gin
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Summing up B B

A(K-1 A(K-1 ’
2T [ ] -

[

Fraction of power in load B : .

off frequency = i-A K-1
on frequency = EE
- Gin
Gip = GL + GS
1-_3B |

Pg

Po

= K AZK"lj

If we meke percentage of power in load the same "on" end "off"
frequency then the load impedance is given by ’

1 ) .
Ry, A(K=1) (%raction of Pp, l) |
- Bo 2.3 B logjpo L

2, Optimum Design of Variable Frequency Array

In order to facilitate the proper choice of the function G(x)
to be used we have computed the following table from the above formulae.
The velues in this table are for o thirty element array.



<

_.Xs Power Variation! lax. P. Variatiomn

|

1

Percent Total | K & hMax. & Min,. J Load End | Iaput End
‘ower in Load | Ro | Rp Dipole % between Dipoles between Dipoles Ry, ] SWR on & | SWR on fregq.

(Egﬁ (Go) | (BoKA)(Boh) | off freq. (Po/P. on freg. (K) off frog. | Ry Pp, |
(RI/%O) By Pin’
1, 16,7 1.0 [1601 |16.18,-16.15%, 6:1 : 1:1 2,798 2,79 2,15
2. 16,7 2,0 |11.2 [22.48,-11.25, 3:1 2:1 2.798q - 2579 2,15
3.  16.7 4.0 |7.49 |30%5 ~ T.5%¢ 1.5:1 4:1 _2,7950 2,79 2,15
4, 16.7 5.0 |5.8- |34,8%,=5.880 1:1 6:1 2.7984 2.79 2,15
5. 25 1.0 [20.8 zoaszo-zo,azg 4:1. 1:1 2.1654 2.16 1.85
6. 25 2,0 14,5 {2 2, - 14,58, 2:1 2:1 ;355: 2.16 1.85
7 25 3.0 {11.5 |34.58,~11.5%, 1;35:1 3:1 2.1680 2.16 1.85
8. 25 4.0 |9.67 |38.78,-9.75, 1:1 4:1 2.16%0|. 2.16 1.85
%,  37.5 1.0 |29.3 29.38,-29.33, 2,675" 1:1 1.708,| 1.70 1.57
10. 37.5 2.0 |20.4 '40,850-2o,4zo 1.34:1 é;l 1.708,) 1.70 1.57
11. 2.67 |17.37 [46,48,~17.48 1:1 2.67:1 1,708 1.70 ‘1.57

3745

24=Via

1T 2984

13¥04S
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As a compromise between a large power loss on the one hand .
and large power variations on the other, cases 5 = 8 were considereds
iie chose case 8 for further inv-stigations because operating over &
frequency band the antenna will be operated most of the time under off=-
frequency conditions.

Therefore, taking a 30-element dgrray as a sample sufficiently
long to indicate the actual conditions on still longer arrays, -the
following valuwes have beei calculated - on frequency, 1.7% higher in
frequency and 7% hizher in frequency:

T T \S&W.R. and electrical degrees of the line impedance
relative to a voltage maximum at each feed point = by means of an
Admittance Chart. The S.W.R. along the line vse dipole numbcr (OT
distance along erfey) is shown in fig. 4.

2. The voltage at each dipole = by using a second chart
(Chart 2) of voltage vs. electrical degrees from & maximum with S.WeRe
as paremeters The e voltages multiplied by the respective dipole con-
ducteances give the power radiated by each dipolee The square root of
this curve (or the distribution of current) is shown in figse 5 and 8.

3, The phase at each dipole - by usinz a third chart (chart 3)
of phase deviation from the electrical degrees from a voltage maximum
vs. eclectrical degrees, with S.Vi.R. &s parameter. See fig. Te

The assumption as been made in these calculations that (% off
frequency the dipole X = dipole R which is approximately correct = in any
case the important value, dipole G, remeins constent (see section 111, 3)e

Charts 2 and 3 were computed from the following equation for
voltage on & transmission line.

3 tan~1(K tang)

E = Enin /cos2é + K2 sin¢ e

whers E is voltage at any point on the line
) ¢ is eloctrical degrees of same point from Epins

"measured positive towards the generator. .
K = SeWeRse = Eﬁl;_‘:q/Emino
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/]’/; /__/,'-/J/—T\\
A £n e -‘-~\' s r‘N \’\\ \\
AR RN el
. TP UKL bR
! N, [ o ! re
PN T @ S T
T B T T NN
N I S ) R £
i S | L 1S
P { N
7T ¢ 4
i v )
(g;f/r#_ Py ./T'///‘
_gui ?::‘,—17/.,’
LIGure s

S«.Wek. looking into junctioa of nth dipole (obtained from
Admittance Chart),

R

electrical degrees from By to Ep.y at SuW.R. = K, (oLtained
from Admittrnce Chart). i

+ 13
n

2]

1 electrical degrees from E,,] to Enax 2t SeWeRe = Ky
(obtained from Acmittance Chart).

Hence from voltage, elsctrical degrce, and chart (2) we may

obtain
En ] 4 & 1
e —— and _f’n S and L. EI.}.'.*:. :
En min & omin - Bp

If E] is taken = 1 all the Efs riay be found. From chert 3 we

I
obtain o, and f,,) corresponding to ;JI;-" end 'Q’nill’ where el = @, - gﬁn.

©n is the actual phase at that point in the wave relative %o ths “hase at

Enaxe

oo Hpyl -~y

(Gpe1=0n) = (BB - L)

= (841 = ©) - AP where 3f is the electrical
degree difference between each dipole (i.e, 360°

on freguency, 385° or 335°
at limit of frequency band).

Hence teking ©] = O and 2d iz sach value of Ay -, we

obtain the phase deviation from the desired value at the frequency cou-
sidered.
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These calculations have been made for a thirty-element arraye
However, we can observe the operation of a hundred-element array from
these curves by noting that 1.7% and 7% off frequency for a thirty-element
correspond to 0.5% and 2.1% off frequency for a hundred-element arraye.

It is not claimed that the variations in phase and power ix an
antenna of this design are not significent and in fact the magnitude of
these effects on patterns is now boing studied; but in this report we
have endeavoured to give the condiiions for the design of the best antenna
under the assumptions of many elements fed by a single feeder line.

It is of interest to lmow that experimental evidence available
to date appears to confirm the above considerations. Our owm work on
90 me/s and the simple resistor loaded line on 400 mc/% is in accord
with this theorye Further, evidence available from the array work on
3000 mc/s (on fixed frequencies) sccms also to bear out the above analysise

III. DESIGN OF A 70 CM., VARIABLE FRECUENCY ARRAY:

l. General Considerations

For accurate height finding on enemy aircraft, em antronna is
required to give a variable elevation beam (VEB) which is narros in the
verticul plane to : void ground interferences. The array to be described
in this report is designed for that purpose. It consists of a vertical
stack of one hundrcl horizontal end-fed, half-wave dipoles in front of
a reflecting sheet. The stack is fed from one end with a varieble
frequency to give the required beam swing electrically. The antenna is
fed by a single coaxial line and, for reasons to be given shortly, operates
on & mean frequency of 400 mc/s.

No experimental results are included in this report as the
antenna described is still being constructed and has therefore not been
testeds However, the variible frequency beam swinging principle hes
been completely verified experimentally by an earlier V.E.Be operatiug
on 90 me/s, end thc voltege distribution calculated for the array on
and off frequency has been checkel on a long open wire transmission line
periodically loaded with resistors.

A 130 foot line (Zg = 100 ohms) was set up end loaded at
5lo/§ points with stubbed resistors of approximately (1000 + jO) ohms
et fo (whore fg = c/&o). The voltage across the resistors was measurcd
when the linc was fed with power at fo = 406 mc/é, and £ = 435 mc/%.
The results are shown in Figure 9. It was not attempted here to obtain
the best distribution but morely a rough correlation between thcory and
practice,
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The earlier variuble frequency V.E.B., referred to above consii:s
of a vertical stack of tweuty-four horizontal folded dipoles, spaced N2
from ono another. Tae array was groupc. into eight bays of three elements
each, the bays being matched over the . cquency band to eight shielded
twin conductor transmission lines. The lines c¢iffered in length successiv.i,
by 5L/? instead of by the bay separation of 3)/2, so that a + 7, frequency
deviation gave & 13-1/2° beem swings, Sead A

It is in brder to obtain greater accurascy of height finding and
to operate closer to the horizon that the new antenna on a higher frequ necy
is being designed. If the transmitted power and receiver gain are assu:ed
the seme for the twc systems and, if the array lengths are the samoe, it
can rcaedily be shown that tho range and coverage of the higher frequency
system will be the samoc as that of the low frequency system. It was for
this reason primarily that 400 mc. wes adopted as the new frequency. Any
substentially higher frequency would mean less receiver gain and probably
v shorter anternna, (assuming one hundred dipoles & practical upper limit),
rosulting in either reduced renge or horizontal coverage. If a sacrifice
in eitiur or both is acce;’2ble, of course a much highor frequency i ight
bo more suitable.

2. General Construction

In order to obtain the proper phasing, the dipoles are spaced
0.7\ apart, end the coaxial line is zig-zegged so thet the eloectrical
length of line between dipoles is exactly A,- see figure 10. A + 7%
frequency variation will .give thercfore an 11° beam swing. End Ted half
wave dipoles, closely speced to a reflccting screen are used to give the
high impedonce nceded for & contin‘iously fed array. (See Section II.)
They are ettachcd to.the irner corductor of the coaxial feedline (2o =
45 ohms) .at alternatc elbov s, pessing through polystyrene bushings as
shown. As the feed line is mounted immodiately behind the shect metal
reflecting surfeace, thc dipoles are be & ot right angles about )/12 from
their feed pcint so as-to be parallel .to the screen. Control of the
individucl impedunces to maintain the proper voltage distribution along
the array is obtained by varying the dipole diameters.

3¢ Desirn of Dipoles

In the last scction it was shown that the dipoles of a thirty-
element array to be cvenly fed must have conductances from 1/38.7 Zo &t
the input end to 1/9.7 Zo at tho load end. Any distribution which is
not uniform will require these conductances to be changed. For example,
consider s symmetriccl tapered distribution with the power on ths end
dipoles 50% of the power on the centre onese Their conductance must
be 505 of the volue ot the centre. Or if the average dipole conductance .
is to remein the same to satisfy the cnalysis in Scction II, the conduc-
_tance cf tho centre dipolc vill have to be increased 41% and the enc
dipole decreased 29%., Thus the conductances for the array with a tr.irod
distribution become 1/55 Zo for +the input end and 1/13.7 Zg for the loud



SECRET
PRA-T2 Page 16

onde These are very approximate figures only, as must be for an array
subject to the lerge voltage veriotions shown in Figures 5 ond 6.

All impedance calculations thus far are based on the assumption
of & lossless transmission line. In actual practice there will bs con-
sidereble attenuation along its Tud length, so they will have to be
modified. Keeping the input end dipole impedance constant, it will be
necessary to reduce progressively the value of all otherss As the
attenuation constant for the line is not known exectly, this cen best be
done experimentally. The dipole conductance will then range from the
1/55 Zo given above for the first one, to well below the 1/15.7 Zo given
for the thirticth: 1/34 Zo if e & db attenuation is assumed. It should
be noted that much of the cttenuciion loss is at the expense of the power
into the load, so it is ncc Cs serious a loss as might at first be expec’eds

For & one hundred-element arrcy these values must be multiplied
by 50/100. Thus the actual dipole impcdences for o one hundred-element
array using a 45 ohm coexial line will vary from 510 to 8250 ohms, &
voriotion of 16:1. Now the impedance of & full wave dipole is a function
of the ratio of length to diameter. The free space resistance ihcn the
dipole has been adjusted to_resonance veries from 105 ohms for 1/D = 10
to 1750 ohms for L/D = 400.1s2 (Half wave end fed dipoles are then 52 ohms
for L/D = 5 and 875 for I/D = 200). This is the 16:1 variation required
but the magnitudes are 1/10 the required valuése

As in prectice, however, the dipoles are not isolsted in space
but grouped in line in front of a reflecting screen, the mutual impedances
must be considered. Replacing the screen by the dipole imnges, the
problen is to find the mutual impedances between dipoles:

t t
DO” Dl, Dl’ Dz, Dz esw e Dn, DI'I and DO'

D /3 C L REA
5 D i s vomn e, 6 fhme gl 1+ 3 e (1 e oy S5 RO
Y Siny SCREEN
T 4 ’ ’
S .___g_h’_.__ L. esa K2 _4 Co iiee slnnkh edie odfeNn— /MR GE
Dhn * Dl Dtreciis

1-15-er5-«4 FIGURE 11

1. J.M.C. Scott, "Some Results of iiodern Antenna Theory"s
2. Schelluncff, "Theory of Antemnas of Aarbitrery Size wnd Shejc”
Iroce. IoRoEo, Vol. 29, pPO 494:"521, Sept. 1941.
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When the dipoles are }/4 or closer to the screen it is found
that all dipoles beyond Dy and Dy mey be omitted without a substential

loss in accuracy. The resultant ¢ mittance of dipole Do then becomes:

Yo = Yoo = Y(DgDy') + 2 gY(DoDl) + Y(DoD2)

Y(DoD1t) - Y(DoDz')]

= Yoo =~ ¥(a) + 2 |¥(b) + ¥(2b) - Y(/aZrp2) - Yg/zgz:;éﬂ

 where Yo = total admittance o Do
Yoo = self admit®ance of Dg
; Y(DpDg) = mutual admittance between dipoles Dp ani Dg

The valv>s of the mutual admittances for resonant full wave
dipoles driven in phase, as a function of dipole spacing are given by
Scottsl For half wave dipoles they must be divided by two. Values of
the resultant impedunce of & half wave resonent dipole of L/b = 200
(which in free space has an impedance of 830 + jO ohms) in a stack
spaced 0,7 M fram one another are shown below as & function of spacing
from the screen.

Note: a 70 am. L/D = 200 corresponds to & 1/16" D, I/2 dipole.

Spacing from Screen Zs (L/D = 200)
0.250 A 870 + j 93  ohms
0.187 1030 - j 250 ohms
0.125 4 1370 - j 650 ohms
.093 2830 = j 1660 ohms
.075 ‘ 4840 - 3j.350 ohms
.062 6900 + j 2700 ohms

It is believed in practice the reactance can be tuned out
by adjusting the dipole length,

Schelkunoff? shois in greph form the resistance and reactanco
of a full wave cylindrical dipole as a function of frequency. These
are for dipoles in free space, so are only self impedance values,
However, it is believed that an approximete picture of the array dipoles
off frequency will be had by considering the behaviour off frequency of
a free space dipole with the same on frequency resistence, The following

1’zloc. cit,
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table is given therefore showing the approximate resistance, reactance
and conductance 7% off frequency for dipoles having on frequency resistance
of 600 to 10,000 ohms.,

Resistance Conductance Reslistance Reactance Conductance

on Freq. on Freg. 7% off Freq. 7% off Freqe 7% off Freq.
600 ohms  1.67 x 10~3 mhos 550 ohms 170 ohms  1.66 x 10™° mhos
1,000 * 1,00 x 107° " 860 " 320 " - 1,02 x 10=3 "
3,000 " 3,33 x 10°° ¢ 2400 " 1400 3,10 = 1073
6,000 " 1,67 x 107% " 3400 " 3500 " 1.43 x 1074 "
10,000 " 1,00 x.10‘5 " 4500 " 5500 "  0.89 x 1075

The table shows clearly that although the resistance varies
widely over the frequency band, the conductonce remains fairly constant,
It is this together with its high impedance which makes the half wave end
fsd dipole so suitable for the element of a long continuously fed variable
frequency array.

De Ce Brunton

He Zo Alocock
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