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AERIAL TESTING.

Dy /. K. Catterson-Smth.

SYNOPSIS.

An extension of a method of testing due to W, H. Eccles is
described. Graphical representation of aerial tuning characteristics
is used to show the linear relation between tuning inductance and the
reciprocal of the tuning capacity.

The use of a high frequency bridge method of determining the
tuning characteristics and aerial resistance is described.
METHOD.

Among the more important tests on acrials are those for deter-
mining the tuning characteristics which depend upon the static
inductance L., and the electrostatic capacity C, of the elevated and

- earth system.

It has been pointed out by W. H. Eccles (/audbook of Wircless
Telegraphy and Telephony, 2nd edition, 1918, 121) that these quanti-
ties may bc measured with accuracy by finding the tuning inductance
L, necessary to raise the wavelength of the aerial to 1°84 times that
at its natural fundamental frequency.

The relation between the added inductance and the aerial
constants is :—

cot ¢ i T N
L,=L, 0 where ¢ N (1)
Thus Eccles' method is to test at the wavelength making cot /6 = 10,
which occurs when ¢ = 0:855 radian, consequently the required test
wavelength is :—

N = 1°84 N oo

.

2 0855
In the same way, as Fccles points out, the electrostatic capacity C,
may be measured by finding the series tuning capacity C, necessary
to lower the wavelength of the aerial to 0°774 times that at its natural
fundamental frequency.
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The relations in this case are ;:—

_ ¢ tang '
=06 - (2)

and the test is carried out at the
L wav i
which occurs when ¢ = 2°03 radians. clength making tan 0/0 = 10,

_ These methods are useful, and it i . cy .
their extension with a view to increasintgt t:e :Ve?g}l;ilxhlﬁ t%onsi)clermg
tions on a given aerial. It will be recognised that th}(,e ab Ce se;lvaci
of obtaining C, is open to the objection that the measurem: Vte met (l))
conducted at a frequency about 30 per cent. above the natgragn?usrtxda?

mental frequency of the unloaded i te
of error. 9 y aerial, and this increases the chance

The form of test found most satisfa i '
ctory is a inati
acl:bofve t\évo tests at af number of wavelengths}.] Th: %T;Jrlx?ﬁgnl?f ;r}:g
, found necessary for a given e
| Iy .g wavelength are plotted to a vertical
scale of L with cas abscissa.

A series of converging graphs is obtained i

. _ i . and they intersect at
point which gives the effective values of the aerial i¥1ductance ?mg
capacity at the fundamental wavelength.

The theory of stationary waves on wi i
wires, which fortunat
appears to apply accurately to most aerials, shows that in the c:;Z
of an aerial connected at its base to both tuning inductance and series
capacity the oscillatory conditions are governed by the relation :—
_[i? g — 9‘?.1
Lo. CTE = COt 0 (3)*

T . I, .. '
hus.the relation between L, and C. s linear and this is confirmed by
experiments.
The slope of the graph connecting L, with é— is 1 —
T

a=tan=1Sle or (27
02 2mu

These graphs, of slope tan a, may be analysed and used for the

determination of L, and C -
(Y] oY etCo, M .
examples quoted below. as shown in Fig. r and in the

* A graphical i i :
Pig. 11, Apgendix'presentatxon of Equation (3), which has been found helpful, is given ig

PRI
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RELATION BETWEEN STATIC AND EFFECTIVE QUANTITIES.

The effective values of aerial inductance and capacity, at funda-

‘mental wavelength, L, and C, are given by the point of intersection

of the tuning graphs.

The relation of L, and C, to L, and C, is as follows :—
(a) 1f an aerial of effective capacity C, is loaded with L. = L,
w™

the resulting wavelength will be Va.n ..  Consequently 6 = 2373
and cot 6 =} or L, =Y;2-. L.

(6) 1f an aerial of effective inductance L, has connected in
series with it a condenser of capacity C, = C, the resulting (shorter)
. I T
wavelength will be V5 N pat. Consequently 8 = 37, and tan g =2

2V C
R

or C, =

Thus if the static quantities are known, the tuning graphs may
be plotted for any values of L,or C.

The tuning characteristic graphs, if plotted from tests, give either
L,and C, from the intercepts or L. and C, from their point of
intersection O’, see FIG. I.

TEST ON AERIAL NO. I.

Observations made on a small aerial and counterpoise, at the
Indian Institute of Science, are given in Figs. 2 and 3 from which the
data in Tables I and II are taken. The average value of L, obtained

TABLE L.

' § radians L=
Wavelength Lix A nat cot cot 9
observed uH ~ 7 N nat 5 Lt <+ 8

metres 1 3 . pH

2,000 1350 0202 0-317 9-65 . 140

1,500 710 027 0424 523 136

1,000 300 0-405 0636 212 141

745 140 0543 0-855 100 140

600 68 0675 1-06 ) 0:527 129

*405 0 10 1°57 Average Lo = 137.
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over a range of 405 to 2000 metres wavelength is 137 microhenries

and this compares well with the value of L. given by the intersection
ks

of the graphs at 62 microhenries from which L, = vV, X 62 = 138

microhenries.

In Table IT the average value of C, for wavelengths below the
natural fundamental is found to be 0 00082 microfarads and this again

TABLE 11,
> | g radians Co=
Wavelength Cr | \ nat tang L tang
observed | oW T A nat g Cr
metres mfds. 1 2 h)»x mids.
314 I 000083 ! 1-29 202 1-00 0-00083
|
' 257 ©00.027 1 1458 2-46 0-333 0°00081
! Average Cy = 0:00082.

compares well with the value of C, which Fig. 2 shows to be 0°00074
microfarads and from which C, = ;{r/‘—z X 000074 = 0000825 micro-
farads.

These tests show that various influences result in
from the linear relationships at the lower wavelengths.  This may be

due to the higher frequencies extending beyond the range for which
the testing apparatus was intended,

a departure

. Thestraight line graphs, Figs. 2 and 3, afford a striking confirma-
tion of the validity of the stationary wave theory applied to ordinary
aerial systems and show that for loaded aerial the wavelength
(metres) is given by :—

=596 VL.C (4)
where L = L_ 4+ L.in microhenries,
and 1/C = 1,C, 4 1/C. in milli-microfarads.

It may be remarked that the graphical determination of L, and
qo or L, and C. avoids the possibility of such errors as may arise in
single determinations of these constants, »

MEASURING APPARATUS EMPLOYED.

¢+ The tuning characteristics may be plotted from observations
made by means of various arrangements of testing apparatus. It is,

3
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'y, I
. : t
however, advisable to adopt one which at the saiph e time will give the

aerial resistance. 3

In the experiments descrjbe]:()i a brid%g-r:letli{o -
in Fig. 4 was used, and it will be seen that a known™ .
ba]an%eg, with ratic,) arms, against that of the tuned aerial systtzm ,hthﬁ
bridge-circuits being supplied with current the frequency of whic
was observed by means of a standard wavemeter.

A preliminary experiment was ca}'ried out with t:.h]ls b}":ggfugir; a
circuit made up to represent, approxm}ately, an aerial wi dense%
reactances. The circuit under test consisted of a fixed mlca_czn enser
of 0'00104 microfarads capacity and a st.randed-conductior in uc.:tzm_n
coil of 126 microhenries with tuning inductance and capacity i
series.

Tests were carried out at 1000, 710 and 400 metres wjew.elenlgth
with the results plotted in Fig. 5. It will be seen thzi.]t thelxe 150(E ;)}512
agreement between the point of intersection O’ and the yadt}est L
concentrated inductance and - capacity connected as indicated 1

Fig. s.

i i idge used are
The actual connections for the high frequency bridg
shown in Fig. 6 and a few details of the apparatus are given below.

When used for testing aerials the following arrangement is
used :—

1) 30-Watt High Frequency Valve Generqlor.——Thls is an
ordinar(y)tﬁ?ned anode ofcillator having two Marcom-.l()srarcrlx tﬁpfs;la;i) Ilg
valves. Tapping points in the anode inductance coils arlx at }]1 stabl
condensers give approximately 250 to 20,000-metres \ysve engd circugité
The high frequency generator is coupled to the bridge ant' reults
under test as shown and the usual load dealt with by the sle. is he
order of ten ohms non-inductive resistance across the coupling. e
valves require 200-volts anode and 6-volts filament accum
batteries.

(ii) High Frequency Bridge.~This consists of sc;leenle(tit brlfigg
and ratio arms, and an indicating galvanometer. T 31 1 9dr lsb
sensitive unipivot pointer instrument connected across the bridge by
a delicate vacuum thermo-junction.

The aerial and earth or counterpoise are connected to th:cfrslgge
as shown, and in series are such adjusting reactances ?Sdaret nnce ss a?:i’
ie., L, and C, are standard laboratory tuning inducta

‘capacities,
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(ili) Wavemeter—A loosely coupled standard or s'ub-standaxc'ld
wavemeter is arranged so that the heterodyne beat-note in the hea t
phones enables the experimenter to check the frequency of the tes
very accurately. This is necessary because the slightest change in
frequency throws the bridge galvanometer off zero. The beat-note
eliminates all such difficulties in carrying out the tests. At times
the presence of harmonics in the generator wave-form may cause
uncertainty as to the exact wavelength; with a little care, however,

there is no chance of mistakes. The standard inductances and
capacities in the circuits afford a check on the wavelength.

A bridge-test should be commen
milliampere vacuum heater thermo-coy
generator.  After preliminary adjustm
and aerial circuits the vacuum junc
sensitive one of 10 m.a. capacity whic
The possibility of using other for
thermo-couple "across the bri
seems little doubt that for so
detector circuits might prove

ced with a 50 or 250
ple and loose coupling to the
ent for resonance of the bridge
tion is exchanged for a more
h generally suffices for the test.
ms of detector in place of the
dge has not been examined. There

me purposes thermionic valve amplifier
advantageous,

The sensitiveness of this bridge with a 10-milliampere vacuum
thermo-couple and pointer

galvanometer is shown by Fig. 7 in which.
the deflection of the thermo-galvanometer is plotted vertically. The
wavelength of the testing set was altered step by step from 364 metres
to 417°5 metres when connected to an aerial having a natural fundar
mental wavelength of 405 metres. It will be seen that one metre
change in applied wavelength produced the readable deflection of 05
division which may be regarded as satisfactory for aerial testing.

The apparatus described was manufactured and supplied by
Messrs. H. W. Sullivan,

i Ltd,, London, with the standard wavpmeter
calibrated by the National Physical Laboratory, and considering the
extremely high frequencies used, surprisingly consistent measurements
may be achieved.

AERIAL RESISTANCE.
~_The value of a bridge-method- of testing is emphasised when, as
15 almost always the Case, the aerial efficiency is required to be known.
As an example of this the measurements on a small aerial have been
plotted in Fig, 8, :

. The system tested consisteq
twin wires supported between tw

of an inverted ¢ L’ aerial having'
and 200 feet span. The system

0 tubular steel masts of go feet heighf"
being connected to either a water

27

coun i \Y t above

e earth or an ins terpoise about fi (2 fee

pip ulated, untuned, :

thle groutnd 1eve11 the aerial was carefully tuned when making observa
? . .

tions of the resistance at various wavelengths

i reatl
The two aerial circuit resistance graphs a}': s:e;r(t)zcc%fir l%ut a};
as the fundamental wavelength, 405 mi:reqs is ap
higher wavelengths the difference disappears.

i i into its components,

i erial resistance 1ntc _

tion of the total a i nce equivalent
viz ;I;g?a:fop; I;ZSiStance’ conductor reSlStancet?;d ;‘lelflls::Zlinenta(l1 natural
to dielectric Josses when working above

ate expression i——

i ly based upon the approxim

i usllilal ’ —~ A.2"%+ C + Do ohms (5)
total — *

i T. L. Eckersley
imati ay be that given by ey
IAtd]fo'jecr glp roxiglfzttogofn 58ys) whose expre:ssmf? f?sr ::c:)tragn;ei;sd
gr.lce72 ;n.clac(i’e's adgi.tzional terms for conductor skin eftects,
leakage loss.

i ig. 8, lower
In the case of the aerial and counterpoise te:t:;i,wlj1 i’ge 1 fﬁgth y
graph, the total resistance above about 1000 mELr

ich 1 in this case
given by a straight line from which it appears that 1n
dielectric losses predominate.

i ’ . denser

As a matter of interest the resistance of a 0 oczlzobmfr?1 eggg enser

ing i and moulded insulation was measure ty ans of the

o Bive bridge over a range of from 1,000 fo rgr; 00, metres
lxg\lr]elifgtt}lxencyThe observations are plotted in Fig. 9 iro

i i ional to the
the resistance of this condenser is practically proportiona
seen
wavelength.

tisfactory method of separating
ot hopgd}fgzﬁrzoghorgfstahe funda)r’nental wav(;:.legg;hr:;?g
i theh nelvt(:’rrorking at lower wavelengths the ra ;e:;d o
b el?:ulated by S. Ballantine (Proc. [nl;ct.t adio g
e beent cattain a limiting maximum val‘ue atabout 5 vpvith ot
1?2?},1; zf,uizclzgmgnial wavelength. Below this it varies
o}

1 ' s.
distribution of stationary current wave

i ’ i i ‘ er these

nt of Electrical Tec/mology,.
Deparment Indian Institute of Science,
Bangalore,
| [Accepted, 27-1-26.]
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APPENDIY. -

__ The theory of stationary waves on ‘v(‘)p'éh type aerials provided

““with tuning arrangements at the current loc")p (base of aerial) shows

that the wavelength is given by :— "
VL.C, "7
271 oro ,
A == __'_3-__0._. ‘0" ™ ‘ : h ‘ (6)

where L, is the static inductance in henries, N
C, is the electrostatic capacity in farads, ke
and u = 3 X 10® metres per second.
: : : X
It is convenient to express Equation (6y/in terms of the natural
fundamental wavelength of the unloaded aerial, thus :—

When L, = o the ratio cot /6 = o, which occurs at g = "
. ) 2
hence the unloaded aerial wavelength is :—

Mt = 27u VL_C, = :
Further when L, is added at the base of the aeria] the wavelength is

given by equation (6) or the ratio % = er ) )

The significance of Equation (1), page 21, as regards the fundamental
and harmonic free oscillations is more readily appreciated if presented
graphically as in Fig. 10. The straight line OA, having an inclination
L. cots . : )

L= Intersects the cyclic values of cot g atay, A, N, ete., at
0., 6, 67, etc., which give (Equation 7) the fundam
wavelengths of the loaded aerial. Simjlar graph
by P. K. Turner (Exp. Wareless and W, Eng., 19

ental and harmonic
S have been given
24, 1, 723).

The graphical presentation of Equation (3)

3 M . . ) age 22 { v
and capacity tuning is shown in Fig. 11. E Bage 22, for inductive

quilibrium wavelengths

in such cases occur when one of the straight lines for f 9 intersects a

1, G, °
graph for [cotﬁ +3 c.J:

“\"\ * qb ©

‘1\} » “\")r .

b
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Vorume VI.—(1923).

Part I,—Mohua Oil. 1l.—Malabar Sardine Oil. [Il.—Studies in Esterification.
IV.—The Action of Bases on aaf- and a83-Tribromo-g8- phenyipro-
pionic Acids and their Esters. V.—Hongay Oil. VI.—~Cashew Kernel
Oil. VIL.—The Fruit of Bassia Longifolia, VI1II.—Studies in Inten-
sive Bacterial Oxidation, I. The Oxidation of Alcohol to Acetic Acid.
IX.—~Contributions to the Study of the Prickly Pear Problem.
X.—A Chemical Examination of Samples of Water and oi Shells from
the Inle Valley. XI.—The Refining of Crude Saltpetre. XII. Eno-
lising Action of Hydrogen Chloride on Aldehydes and Ketones.
XI1II.—The Conversion of Eugenol into Isoeugenol.

VoLume VI1[.—{1924).

Part I.—Studies in Alcoholysis V. The Alecoholysis of Esters of af-unsaturated Acids
and of the corresponding saturated Esters. II.—Chemical Factors in
Denitrification. 111.—Thsa Retting of Coconut Husk for the Production
of Coir. IV.—Reactions of Chromates at High Temperatures.
Part 1. The Synthesis and Decomposition of Calcium, Sodium and
Magnesium Chromates in Air. V,.—Oil from Mimusops Hexandra:
Rayan Oii. VI.—The Relation Between the Iodine Values and
Refractive Indices of Hardened Oils. Part II. VII.—Contributions
to the Scientific Study of the Lac Industry. Parts I—-VIII. VIII.—I.
The Systematic Nomenclatura of Polyeyelic Carbon Systems. 1.
Polveyciic and Cage Systems of Carbon Comvbovands. I, The

Systematic  Nomenciature of Heterocyciin Compernds including
Polycyelic Structures. 1X.—The Use of Mized Catalysts in the

Hydrogenation of Oils. X.—~Condensation of Aromatic Amines with
Chioroform or Carbon Tetrachloride in the Presence of Finely Divided
Copper. X1.—1. Notes on Bixin, by K. Venkataramaun. 1I, An
Alkaloid from Anona Squamosa Leaves. XIl.—Iodine as a Catalyst in
Reactions Involving Elimination of Hydrogen Halides. XIIL —Studies
Relating to the Symbiosis of Seeds and Bacteria. XIV.~The Bio-
Genesis of Mahua Qil. XV.—Contributions tc the Scientific Study of
the Lac Industry. Parts IX--X. ‘

Vorume VIII (A}-—a(1925)

Part 1.~The Photochemiesl Oxidlation of Anmatlc»;.ﬁydmurbms.-_._ly by 3. J.
Sudbmugb H. E. Watson ‘and B. T. Narayanen. Price, As, 8
Part II. --Ka:chi{%rnm Of1, by ijuor Sanillva Rao and J. J. Sudborough. Price,
) Re. 1. o
Part ﬂ],-—ﬁrgemone Oil, by S, Naraysna"iyer..!d Sudbomugh and P, Ramacwam
© ' Ayyar. Price, As.12. - ©
Part IV. ..Euenﬁal 0il of Cypems Rotundus, by B, Sanjiva Rao, P. B. Panicker and
1. J. Sudbotrough. - Price, As. 8.
Part V.—Dehydration of Rectified Spirit by means of Anhydtous Caleium Chloride,
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o d
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of Abietic Acig, by Madyar Gopal Rau ang Joha Lionel Simonsen.
N Price, As, 3,
Part. v._qy, Fat from ‘Salvadora Oleoides ’ : Khakan Fat, by C. K. Patel, S.
Narayang Iyer, 3.7, Sudbotough and H. E. Watson. Price, As, 12.
' of Some Indian Essential Ojfs, Part X1X. The li:ssentt;ﬂ‘;ll
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