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Part 1: Electr*callx small sntennas embedded in a die)ectric
or magactic medium,

Abstract

I'his research project is primarily concerned with the improve-
ment of the impedance relationships of dipoles whose actyal
length is nmall as compared to the wave length in free space.
This improvement should te obtuained as a result of dize%tly sur-
rounding the dirole with dielectric or magnetic mediumssur-
rounc¢ing shape should not have too large a volume since the re-
sulting increase of antenna size should be kept small. Fig. 1
shows the arrangement which we are studying.

Sect. I statas exactly those characteristics of impedance Ve~
haviour whick should te improved, especially efficiency and
tandwidth of the dipole., The valué of the radiation resistance
itaelf ie not very iwmportant. '

Sect. 1T gives a summary of the physical effects introduced bty a
surrounding dielectric., Two different effects exista:

1, An altered impedance transformation since the wsve inpedance
in the regicn of the radiator has teen changed,

2« A 8tronger foruation of space waves since the wave length
in the dizlectric is smaller than in air cavsing & larger
ratio of radiator lungth to wavelength within the dielectric.

veet. IlTl, IV end V contain the fundamental theory.

ln Sect. II1 the protlem is presented in exioct matlienwticel form
A ron-unifora, rectangular coordinate system is intreduced vihich
huas already seen untilized foxr lontract AP 61 (052)=-4° for
sv.ving the protien of wideo-band radiators.

secto. IV ghows the derivation ¢f the viave eouations for o radia-
tor of very .enex.l shape in a dielectric nedium of variou:s size.

Sect. V treass equations for the inpedance transformaticn caused
ty the diclectric.

Sect. V1 wshcews how the iheory is specially used for very wshort
anteanas. ln this case only the transforning effect is working.
The theory is checked bty measuring the impsdance of a radiator
ip air and in differentlr shaped dielectiic mediums of Polystyrol.
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I. Exact Definition of the Problem

The impedance of a shcort radiator shall te improved by im-
bedding the radiator irto a dielectric medium of finite sige.

Very short sritennas are only used when the antenna height ie
limited due to technical reasons. for example: in high-speed
aircvraft, Therefore the case of gpecial interest is tha '

the heigil of the total structure (1nc]ud1ng diel

not Avrmnnd  +ln

ic) may

S AdmAan S
ad 4T {audl vac

total ancenna height must bLe Pept amall.

Before wa trat specific protlems, we should first preseat

an exact explanation to the question: "What should be
accomplished by using a dielectric medium?'" Bven though the
radiation reusistance of a short antenna is small, this
charccteristic is not a digadvantapge in  §¢self cince 1% is
always possitle to match a given antenna inncdance to -that

of a trunsnitter or receiver ty using an appropriate trans-~
formaticn ariangenment. Therefore it will not Le necegsury

to ap»ly complicated dielectrin Torms for the only purpose

t¢ have a hicher resistive part of the imncduncc. £ sinple
inductance parallel to the input will ..ansfexr the radietion
resisgtance to very high valuves without agy chunge in radiator
arrangeunrhnt. ’
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¥xaaples:
Radiator impedance for 200 Mc/sec = 1,38 - j 130 Ohm
1. Inductove srunt ' J 450 Ohm
Rasulting impedence 2,76 - j 184 (Ohm
Incregse in resistive conmponent 1:2
2. Inductive shunt ' J 192 | Ohm
Resulting impedance 15,8 = J 410 Ohn
Increuse in resictive conponent . 1:10
3. Inductive shunt J 153 Onmm
Regulting impedance 69 ~ 3 920 Ohm
Increuse in resistive component 1:50

Especlally very small radiation resistance can be trinsformed
anto very high resistive components.

Only the following two view points can te taken into consider~
atior, if an ioprovenent of the radiator is wanted.
Lt

-
[

Poor Efficierncy

The resietsnce of small antennas consists of the sum of the
radistion reeistance RB and an attenuation resistance-Rv due
to losses. Aa improvement of antenna behaviour bty inserting
into a dielectric medium can only be ottained if this results
with an increase in the ratio. )

Rg

.

I+ should e remembered that the increase of RB alone does not
recessarily uwring an inmprovement since the insextion into a
é¢ielectris mediua may also irnrease Rv* In this respeet the
ferz-.te materials aveilavle to~day. may te too inferior to
give ar inprovenment of Hs/Rv when used us a dieiectric medium
for a small antenna [1] . This certainly is an important

iten to take into consideration. Howevexr the pregent state-
of-the-ar; in the ferrite industry certainly should not
prevent us frum making a theoretical study to determine the
effect of & magnetie medium since the possibility exists

that suitoble dielectrice and ferrites having small losses
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will te availatle in the future. The resulting theoretical
analysis indicates thet a losuless dielectric having mag- |
netic properties can improve the radiation properties then
there always is the possibility that the use of such a
mediunm cen be realized at some future dnte.,Therefore the
development of & theory for a lossless dielectric would
certainly prove to be u worthwhile and Leneficial task for
poasitle future application.

However, tther pY¥obtlems of efficiency exist even for loss-
less dielectric. The losses of & radiator without dielectric
is due to the resistance of the conductor, silver being the
beat conductor. The losses of a,silver plated conductor

can not te surpassed. 1f dielectric and magnetic losses

are neglected for the moment then for a radiator imbedded
in dielectric the following question nust be evaluated; is
it possitle that a 1adiator imbedded in a dielectric has a
larger current flow, thus causing larger losses due to the
resistance of the. conductor, as compared to a radiator
without dielectric even when a lossless dileleciric is used?
Therefore the ratio Rs/Rv should bte evaluatied to see if it
changes after a radietor is insexrted into dielectric when
the dielectric is considexed to he lossless and only the
silver plated radiator is conaidered.

Antenna Bendwidth beeing too small

A bandwidi : beeing too small limits the amount of communi-
cation flcw, prevents the use of higher modulation fre=-
quencies -nd makes it impoesitle to transmit or receive
short-time signals. The optinum circuit design can te in-
fluenced ty the tehaviour of the .antenna impedance. This
is especially true for very short dipoles and is a well
known effect of long wave radio onmmunication. Therefore
The question arises: What will te the maximum bandwidth of
the complcte input oizouit of such a short radiator when
fed by a transmitter, ors Vhat will te the maximum btand-
width of the oomplete input circuit of a receiver in com~



k4 binatlon witin a short radiator as receiving antenna. The
L best gen2ral anewer will be,-that for short rudimtors the:
. : maximum .and..dth of each transmitter or receiver arrange-
’ nent ie “ependent upon the ratios

e g .

\ t

: ;
e el o
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whore Rﬂis th: radiation resistance, X 1s the antenna
reactance and %%,ia the frequency cependency of the re-
actance which describes the antennz. [ 2]

An inmprovemen’ of the maximum bandwidth is only otteined
when these ratios are increased. Thus if it is possible to
inoreasae hs aind prevent g sinultaneous increase of X and
dX/dw this improvemeht can be achieved. Therefdre the
question of whethexr an increase in Rs by 2 dlelectric
surrounding is worthwhile can first be anaswered when the
behaviour of X and dX/d«w 3is known.

I1.Phyeical Principles

The radiator according to Pig. 1 is located above 2 con-

, ductiag surfece. It is cylinder-symmetrical and imbedded in
dielecti ic material in the vioinity of the feeding point
( ¢ x > 1). The dielectric material may also have nmagnetis
propex:ties (14‘1 > 1). The neigth ¢ the radiator should bve
small as cumpared to the wavelength.

It is assuwed that the anteuana is fed by a coaxial line for
the theoretical evaluation and for the impedance measure-
ments. Thuo a defined ‘field relationship is estabtlished in.
the vic:: 11y of the feeding point of the antenna. Since the
input impedance i. measured bty using & slotted coaxial line,
the measured values can be 3irectly compared with those
caloulased. It will ke assuiied that the feeding line is _
alao fitled with dielectric, when the radiator is surrounded
by a dic.ectric, and filled with air, when the radiator is
surround=c by eir. This sinmplifies the theory tut is not

o B L
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essential for technical applioationo

Yhe physical proeesses are clarified Ly the saue reaaoning
which has already been established in the Technical Reports
for Contraot AF 61 (052)-41, [3].

A wave o the TEM type having electiic field lines E, between '
the inner zni outer conductor propagates thxough the coaxial
feeding line. This wave continues with field lines existing
between che radiator and the ground plene., The field lines of
the TEM wave 2re identical to the field lines of a static
electricul fisld between radiator and ground plane.

The TEY wave slowly converts over to the T!f type in the
Jnhomogenecus field outside of the coaxial feeding point
eg the ¢ ‘stance frow the feeding point incresases.

Thus a continuous transition and building up of the

TM space wave occurs. These TH space waves have electric

~ fields leaving and returning to the ground plane. The fisld

of these space waves is a sun of varicus T} modes.
However in the case of very short radiators they are al=-
nost completly doninated ty the TH, type as long as the
radiatioi pattern is the one familiar to short antennas.
The field lines.of the TH, wave wedge thenselves betwean
the field lines of the TEM wave. The TEM field decreases
rapidly wi‘h increasing distance from the radiator and at
largexr distances only the TM raves remain. For the TEM
wave the space between the radiator and the ground plane.
eacts like a coaxial line. The coaxial feeding line directly
passes over to this coaxial radiator line.

Pig. 38 is & schematicul representation of this ocourrance
for a radiatoxr without dielectric. The wave impedance ins
creases with increasing distance.fxom the feeding point
since thu spacing Letween radlator and ground plane in-

‘¢Teasesn aﬂoo:dingly

The coaxial raciator line has a finite length ooxzeapondins |
to the finite height of radiator. The antenna is open at '
the end and there the antenna ocurrent is zexo. The

.m S




i
i
™

‘diator line seems to be coupled inductively to another line -

tormation c: the TM waves ocours in -ueh a8 nanno& that ﬁht 8-

causing a continuous encrgy transition of most of the TEHU input
wave to thrt of the TM wave with the renainder of TEM enexrgy
being reflected at the rudiator end back into feeding line.

Pig- 3b shows the waves for u radiator with dielectric. Here
essentially new is the fact that all wave impedances in the
dielectric have decreased by the fuctor r/ﬁ}f; and an abrupt
wave impedance shange occurs at the transition to air. This

wave impedance jump exists for TEM waves as well as for TM waves
and causes an additional reflection at the boundary of the di-
electric\éﬂﬁaes additional reflected waves in the feeding catle,
which would have a different magnitude if no dielectric were
used. If these events are descrited ty using the conception of
4iapedance then it can be paid that the first effect of the
dielectric is an altered impedance transformation. This 1s theo-
retically evaluated in detail in Part VI,

However the dielectric has a second effect., Referring to the
theory deveioped earlier for Contract AP 61 (052)-41 an expan-
sion of this theoxry is contained in Part III. The steady tran-
sition of the TEHU mode to a TM wave is in every point of the
field essentially depencient upon the length of field linea in
this point as compared to the wavelength 2

The following rule exists for the case of air: ‘
In the region shexre the field lines are shorter than )0/2 the

~ conversion of TEM to THM waves is quite small; this region te-

havea like @« waveguide telow the critical frequenocy with an
evanescent TM mode; the T nodes which were coupled cut of the
TEM mode cau not propacate as waves, rather the TM fields de-
creage exponen‘tially from the point of origin. The longex the
field lines are, the slower is the rate of exponential decrease,
thus ocausing a styronger TH mode. The transition from TEM to TM

is very strong where the field lines are longer than A o/

This region heunaves like a waverulde operating abtove 1tn ocritical
frequenay and the TM field being coupled in propagates in this
space as a wave. Those field lines of Fig. 4a which have the

2t o bt ez 6 e araen
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length‘.)°/2, ge.arate the region of the evanescent 7! nodes frem
tnat region in which Tl waves can exist.

Instead of A in free space, the wave length ls ),")2/17 . &
in the diele¢ctric. Thus the TM fields do aot propagate as waves
ac long as ke length of the field lines is smaller then A;/Z.
Trerefore tic ceaversion rate improver e tinuously as the field
line lengti o3 rryoackes the value A{,&f.ul Lecones extromely
strong as soon a3 the field line lengti: cxeeds )5/2,>The toun~
dary ficld . ne in the dielectric has * -« length Ag/2 as shown
ia Flg. 4%, .

Tre foraatiorn c¢i the evunescen’ modes has a cextain effect upon
the formaticn ¢ space waves sinve tiiew: [ields partially pro-
trude through ths boundary field line and thus project into the
adjacent souce {np which apace waves are possibtle. Large anpli-
tudes of th: protruding evanescent nodes prepare to some degree
th2 formation oflspace waves in the adjaceni wnave region.

For radiator: ¢f small Leight in air, the field li:«3 in tie
inmediate vicinity of the radiatnr are sualler *han A o/2;

Taus the formatlon of 8 wce waves in the xegion is rather ninute.
1f the field linee of length ).0/2 fox a givan frequency

are drawsm in Plg. 4u, it is readily realized that tliese lie farx
avay from trne feediny point of short radiators. Only evunescent
4 nodes erist in tie resion Letvween the feeding point and the
toundury field line. On the other side of the toundary field
line space wuves are forwmed. The small radiation capability

of & short anteuns is explained ty the lack of spuce vwoeve for-
maticn in tas immedinte vicinity of the radiator. The kijicr the
franuency, the closer tie boundary field lire shifts toward the
f.ading poin*, thus the wave region becomes correapondingly
luxyer and tne radiation improves accordingly.

Fig. 4b shy s o rudistey having an infinite dielectric nedium
for the sanme frequeacy ae was used for Fig. 4a. The dielectrioc
cauces a wivelength Ag at the location where A é vwas previousiy.
The Yroundarv fleld line of length )g,/Q for the same frequency
shifts closer to the feeding point and the radiation of space
waves inproves. Since AT A}/ﬁ;:??:" the yadiation improves due

to &, as wnll as to m, .
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If the dfelectric medium has a finite sise as shown in Pig. 1,
Then three cases exist:
a) The boundaxy ‘of the dieleotrio 1lies outside of the boundary

t)

drawn in Pig. 4a of length py 0/2. Then the wave traneformgtion
alzoady begins within the dieleotric and the waves coming out
of the dlelectric into air 4dre immediately in that region
whioh euppprts spaos propqgatign. Thie is a 6ase in uhioh the
dieleotrio will cause a desirable effect since the wave region
is enlarged ty the dieleotxic and the boundary of the wave
supporting regicn ie shifted back to the field line of length
MAs/2. However this case does not apply to very short ra-
diastors, which are of special interest here; rather this
effect tecomes usable for antennas whose height approximates
A /4 ,

The toursary o the dielectrio medium as shown in Pig. 4c lies
between the fi 1d lines A /2 and Ag/2. The the wave of the
feeding line -.oves first into Region I where the evanescent
modes are forr d and only a small degree of wave transfor-
mation occurs. Thereafter the TEll wave moves into Region II

in which the _'1 wave can exist and a high degree of wave
traneformatior o~curs here. However the resulting TM waves
are strongly eflected at the dielectric boundary since the
TM fiel's can only exist as evanescent modes on the outer
side of .he bomndary in Region III. The wave impedance of
the TM mo. » in Region III ie imaginary and thus the reflec-
tion factor of the dielectric toundary surface is considexr-
ably highe for the TM mode as compared to the TEM mode. In
Region II the dielectric acts like an attenuated waveguide
resonator foxr the TM wave,

The snaller the extension of Region III in the direction of
wave pzopagétion, the more the already formed TM fields of
Region II can get through Region III to Region IV and
support the formation of TM waves in IV, Therefore it is

" poseible that the use of thia dielectric can improve the

excitdation of space waves in IV! This would te an interesting
case as far as our protlem is concerned, since the radi-
ator is already short and the dielectric could bring an im-

'provomant'of the real components.
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¢} The boundary of the dieleotric lies within the boundary line.
Ms /2 of Pag.4b. Then only ovanescent modes exist within

tie dielcety’o medium and thie is also true for the imme=-
dinte suxrounding reglion of air. The boundary lire Ao/2 of
Fi¢g . 4a is then far diatant from the dielectric boundary
gvyface, Therefore the dielectric car hardly bring a radiation
irmproverent and actually only pexforvs the already mentioned
trensformaticn of the TBI wave. This iz the case of very
srert zadistours.

TIT. The Cuxvwilinear Coordinate Syatenm

L. orcexr %o evaiuate a yadlator of ganerzl shape a curvilinear,
fight angle, coordinave aystem whrose coorxrdinates are the field
lires of a static electric fleld between radiator snd ground
plane is intyoduced. This coordinate system is the came as the
ou2 vhich was used 11 Contract AT 61 (052)=-41 for solving the
brcadhand sntenna probleas.

3i.ce a compariscn ol rudiator performance with and without
dizlectrze is to btz aade, the cooruainate lines are crawn for

a field without diclectric. In addition the bouadary between
231 end cislectric should be a [i:1d line of this static field
gicce then the :tatic field linee with and without cielectrie
=1e¢ the same ani all the evaluatiors have a very simplified
fitme By this presedure all the iafornation concerning the
a{fect of other dielectric skapee is naturally lost. Hcwever as
1o ¢ 85 the dimeusnions of the radiavor and the dielectric me-
dim exe amclt ormpare:d to a wavelsngth, it is not to be ex-
paiteC that other dielectric shapes will give consicerably

di fferent rssul w2,

FToiw b showz th. ssalic fleld lines and eguipotentisl lirnes hete
Wudél dadiatir and ground plane. They are drawn in accordance
wi*h “he fexili.r “ule that evexr;where between adjacent equil-
yrtential llaes 1h2 sanme vomaée (.fference exiats and the reglon
wetween ad, ween’ fileld lines witheut dielectric has the same
ragacitance thrsughout the regions. The drawn section of Fig.5
srntains tre sonrdinates x and z. Yhe field lines are the curves
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g = constant. The ground plane contains the coordinate x' = O;
the radiator the coordinate x = &, where a may be freely chosen.
Tle same ccordinate difference 4 x exists everywhere between
two adjacent cquipotential lines. Therefore x of a special
eceipotentinl 1line 1s tho static véltage hetween that special
eguipotential lire and the ground plare i1 the voltage "a" exists
tetween “he radiztor and the ground plune. The coordinste z
tegins witk 2z = C ag the baae of the rocictor where the impe-
dance 1s %o Le coleulated and reasured. The same cocrdinate
difference % exists everywhere tetweern udjacent field lines

of Pig. 5. the . pacitance 4 C of a revich bLetween two field
lires is tlerefoie proportioanal %o the corresponding coordinate

difference 4 2 znd
= ¢t A * .80
C=0C,° a3 Co = =% (1)

4t .
Co is constant 1long Lhe radiator. . -
* , ) . ,
A 1s the true distance teiwean equipotential lines.
*
A2z 1s the true distance tetwaen the field lines, see PFig.t%.
Then relationships teiween the cooxdincte differences und the

corresponciag actual distances can be found in aceordance with
the thecyy of the cylinder-symmenrical static fields [ﬁ] N

*
Az = A(x,z). 88 A(x,2) ='€?—§f x (2)
+* | =
4 x = B(x,2) 4 B(x,2) = 2 : 3)

Acucrding 4¢ %2 general rules for cylinder-symmetrical potene
tic)l Ffields, 1L2 following is 1rue For the edges of an element 4 F

4.2 (4)

where ¥ is the distance of A F from the radiator axis of ro~

tasilon aad T, 3 a jength which zay be freely chosen. Ixperience

has showa that the field has its most auitable form for numerical
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avalﬂ%ion whan T is approximately equal to the radiastor height.

‘The reports for Contract AP 61 (052)=-41 contain several examples
showing the static field for such radiators. After the static

" N * *
field tas been plotted, AX, Az and r can be obtained di~
rectly from the field plot. Also A,B and ro/r can te calculated
for each AP ty using equations (2) to (4).

IV. The Wave Fquations

Detailed informetion of the following procedures can be found in
references [5] and [6] . The cylinder-synmetrical field has cir-
culay magnetic field lines with their center at the axis of ro-
{ation and thz magnetic field intensity H& (x,2) is constant
elong each magnetic field 1line.

In the cylinder-symmetrical field, the electrical field lines
alwaye lie in 2 plane which intersects the axis of rotation.
Therefcre in accordance with Fig. 7 an electrical field compo-
nent Ex in the direction of the lines 2z = constant, and an
€lectrical field component Ez in the direction of the lines

x = constant, exist. Thelr equations and their solutions are
different depending upon whether the evaluation is for Region I
with dlelectric or foxr Region I without dielectric. Therefore

a separate solution nust te souaght for these two regionus and the
toundary conditions of the tounding surface between these regions
aust te satiafied.

Vave Equatiorr for Region I:

€, > 1 and /ur‘) 1 axe constants. All field conmponents of this
region are markei by the index 1. ‘

Por this cylirdéz-symmetrical regcion having the line elements
dx" and dz' ir accordance with (2) to (5) the following field
equations are valid:

; J
J Q 'EO fr(Et‘l a-:—O-.A) = - .J_E(H1 --:—;) | (6)

X roz 9 ‘
Jw &, & ((Byqen) =\ Tx (H, ":";) 7)

JUSE. NN
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' J
3 @ pagy g (H, '%:)’Az = Tx(Egd) - vé'i(Ex‘l '%‘;'A) (8)

The boundary ccndition which does not allow tangential alecéacal
fields on the bounding conductor surfaces ies in this coordinate
systen :

E,.=0 forx=0 and x =a (9)

z

If {6) and (7) are substituted into (8) then the wave equation
fer (4, I-) is:
1 T,

2 S 4 2
W M 50,’ur£x(h1 zd) A

) ) ‘
= 5 [27 55 (o -:-;)] + ;372 (8, +3-) (10)
Wrare:
w o o = ('23«-":)2 - o

A, = wavelength in free space

2 - 2w (2 2m 2
& /uofo,“r‘fr"(';\";) o/urfra(—;‘-;) (12)

’\E = wevelength in dielecotric

The .boundery condition (9) and equations (6) and (7) are satis-
fled by thesseries expansions:

- . F . T
Hy = -—i'°- A S [WM(") +w11(z)coa-—§-’5+

+ Wy (s)oos ELZ 4 ... ] (13)
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E": A[M‘{é}*‘/"lejm +M4(‘,h2"+ cnn.J

-

(14)

(%) E a2 (2 B e

(15)

Before (13) is substituted into (10) A must be ohanged to the
following form:

A =F{z/+ (?/m——-*};{t/m_—-ru... o (16)

In order to obtain suitatle equations for the functions VW nt*
The runotions P, (z) are ottuined by a Fourier analysis of the
function A2 (x, z) obtained from the static field pattern.

a

o 2 [Hds ‘ -
o
F.0)* %fAl(x,g)m ’l;':ﬁ f["' . (18)

Such an analysis of the function A2 has bteen carried out in de-
tail for an example in Cantrxact AP 61 (052)41,

In ordexr to bring equation (10) into a suitable form, a corres-
ponding analysis of the function (ro/'r)2 is requireds '

() 6o/t G en T + Gt i v - (19)

The functions G (z) are obtained by a Fouriez analysis of the
function (10/1‘2 The funotion (x /r) is given by the static
field pattern. Thuse
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| | : Yg. 4 53 - | ‘l |
6,04 = ;_4-!/‘;"/ di S -(20).
Gw=g | FeE A @)

Such an analysis is also contained in detail in ‘an example in
Contract AF 61 (052)-41.

Then equations {13), (16) are substituted into (10) and the re-

sulting products are simplif'ied by using the following trigono-
metric lormulas: :

oéud-w/f-‘—?’*';“/“*/’/*f»&/d'// . (22)

U’d‘wﬂz‘;fv,(atvl// *g‘w'/“.ﬂ/ (23) .

nrx

The resultiug cos terms are then collected on hoth sides
of the equation., Equation (10) is satisfied when same cos BéL§
terms on both sides of the equation are equal. This gives a
system having an infinite number of differential equations for
the functions Wn1.

(FET A = (3R s f R+ E Frbigr ) (28
MNP, ‘
(el o[tres )2 fom 7 6, ) 11 = 25)
= - {#‘.Vu f[}[&ﬁ,)-/é}i/'./&,\-;;yw,f ..... ]
Az 12 » ' |
)il % R)- () o Fa v =
= [ 3 o3 et

(26)
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Lt el #in)-(52) (6 F6u ) 4e = _
== {Rvir [k..w.,} (&

ntk
The ooupling factors K, are symmetrical.

Fok ® B - (28)

Explanation of Physics Involved in the Equations (24) to (2

Bach 1 is a wave of definite mode. Wo, is & TEM mode in
accordance with FPig. 8a having electricel field lines along the
statioc field lines z = constant bescause E,, in equation (15)

has no Yo1 terns. Thererfore Ezqy = O for thls partial mode type.
The other modes are of the TM type. The behaviour of their
coaoponents E x1 and 321 is 4in accordance with equations (14)

and (15) respectively. W11 is a mode whcse B -component distri-
bution follows the function ein 2= - X, Thy oorresponding oleotzi-
cal fields can be found in Fig. 8c. A1l partial modes are coupled
to the TEM modeW,, by the P VW,, terms. They are also coupled
with each of the other TM modes by the thwk1 terms.

VWave Equations for Region II

5 = 1; /o = 1. All field conponents of this region have the
1ndex 2. The way to obtain them is the same as for the wave
equations of region I, (See [10] )

Boundaxy Conditions at the Dielectric Boundary z = g, (Pif.1)

The boundary is a static field .ine g = constant. lhe tangential
components continuously pass through the boundaxry surface.

Exq(8y) = E p(s) ' (41)

Hy (8)) = Hy (s)) (42)
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Frouw this folilows

W, ) = Wi, () ' (44)
And
£, Wi (2.)= voa (t5/ (45)

V. The Impeiance in the Radiatox IMield

An impedance can only be defined in a region where a TEM mode
exlsts. That norticn of the TEM mode field within the dielec~
tric mediun is given in accordance with equations (13) and
(14) vy:

Ho = =798 F Woslt) (46)

/f . /7
E,,z ﬁ. bronl h/,v /"L/
movo4 (47)

For this moude current voltage and impedence can be defined by
using Fig. 9.

Between the 2nd points P1 and P2 nf a line z = constant, the
voltege on tle 2onductor for the W°1 vwave 1s given by:

a q
Mo4/}/;:JE'4¢(X"—= ]E)(A'E“’/)‘ =
¢ v (48)

2
S ’
= ; oa (2] Ax = W (&«

4

A sircle 2z = coastant on the racdiator and intersecting P1
belongs to ine ooudinate z on the cylinder-symnetrical radia-~
tor of Pig. J). 'the surface current deneity existing on and perxr-
prrdicular to “his circle is:
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3*.—. H4 {})‘-.-'-jl&'?f.é'y Z’MA(Z) .(49)
Therefore the total current flowing through this circle is:

3,,(3)-‘-‘ Qrr J¥= ‘]'w& & dwve WoaRJ (50)

The same current flows in Fig. 9 on the ground plane above the
circle g = constant and through P2 having the same z as Pq.
Therefore the impedance of the Wo wave telonging to the coor=-
dinate z within the dielectric, is define% by

Mﬂv{} . 1 hai . Wo
Z.()=

—701,&« '21l’ Yo Woav (51)
This definition is also valid for the feeding line. Since only
the TEM mode exists here, the definition of Z in the feeding
line is identical to the usual impedance conception. For Z2
outside the dielectric in Region II there exists a fozmula ana~-
log to (51) with 5 =1,

Final Determination of the Coordir -te 2

7 )

- o1

The electrical field lines are parallel straight lines within
the feeding line; thus A z* is independent of x and according to
(2) A is also 1ndependent 2f x. As a result F A2 in the
feeding line according to equation (16). Since the feeding line
is homogeneous and sections of equivalent length also huve the
same capscitance, the same A 2 belongs to the same separation

a z* everyvhere within tae feeding line as shown by equation
(1). Therefcre A2 - F, is also independent of z and constant.

It is advissble to choose 1I'. = 1 for the region within the fee-

o
ding point. Then for this region (according to Pig. 10):

Aef=4a2 ; A"—"/ ; Fo=T (55)

It is also very bractical to insert the teginning z = 0 in that
cross sectlonal plane of the feeding. line at which the radiator
irput imyzdance 1s to be measured. In this manner and by using
equation (55) the coordinate z bvecomes well defined since the
capacitance C: along the esystem nhust remain constant according
to equation (1). '
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Final Detei :ilration of the Cooxdinate x -

The wave ir:dance of the feeding line of Fig. 1 has a definite
value for Zl when dielectric is used. Jf a travelling wuve
exists withir the line, then Z = U/I = 2Z,. Under this condition
the W01 wave Las a constant amplitude and a lineur increasing
phase shift in respecﬁ to 2 in the feeding line

L5 im
- g M /\
Wi () M ‘,/ﬂ‘/ € ¢ 2ee (56)
. AR (
Vort) =, (- (-7 3£ )™ P (57)

If these ecuations are now inserted into equation (51) and by
using equation (72) the following is oktained:
[ /“..-, N
- . . _—'
2,7 7xve N }/;, 158)
If the characteristic impedance Z1 of the feeding line is givern,

then the following relationship exists between & and Iyt

a=2my, é‘— (59)
X

el |
Zr’//}';//;;‘ (59a)

18 the wave inpedance of the dielectric.

If r, is chosen freely, a is fixed by equation (59)- If in accor-
dance with Fig. 5, the ground plane hae the coordinate x = 0O

and the radiator the coordinate x = a, then the coordinate x is
well defined ~nce I, kas teen chosen.

The boundary Conditior in the Form of an Impedance Equation:

If equation {:4) is divided by (45) then for n = 0
/ /
\'/04 \/20) ) i VO] {?o/
£v Mq/"c) Ml .'/?0/

TLis means . aocoxdence with equation (51)

(59b)

Z,(1.)= 2, (%) 160;



as a substitute for the boundary condition (44) in ths case of
= 0.

The TM wave travelling from the boundary surface 2z = zZ, into
tlLe outexr region yields an impedance z (z) at any axbitrary
location z and especially the value Zz(zo) at the. surface of
the dielectric which appears as an unchanged termination impe~
dance for the TEM WO wave inside the dielectric, according to
equation (60). This 2, (z ) is then the value Z,(o) Since the
input suxface z = 0 is so chosen that all gpace waves W are
negligitly small there, this Z, (o) 45 an actual and measuzable
inpedance which acts as a termination Tfor the feeding line.
Tnis same impedence is designated the input impedance of the
radiator.

The transformation through the dielectric from Z1(zo) to Z1(o)
is given Uy -a differential eqnation. I equation (15) is dif=-
fexentiutcd in respect to z, the following is obtained:

dz, .7 . = ‘“"‘—-’Q‘*’_/ (61)
2;—:1{6}[0;1 A R() ‘/'/04 t‘/"" ,

Then Wg, and W64W01 from equaticns (24) and (51) respective-
ly are substituted into equation (61). The fcllowing equation

{

results in conjunction with (58

0(24 2” tz h) ; L‘/M. -
R VI PEPR I L

)
l"/t’“' b, Y

Pais is the transformation equation for the impedance within
the die'ectric medium.

VI. Application of the Theoxy for very shoxt Antennas in &
finite Tielectric Medium.

It is requirel that all the radlator dimensions as well as all
the dielectric ¢{mensiong, te gssentially smaller than a wave-~
length. Siuce no higher order Tii modes other than the WOI and
w12 have arn appreziable magnitude in the surrounding apace,
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"al1l the equations take on a moxe simplitied forn. This is
‘reudily realised since all shoxt yadiators have the sams ra=-
diation pattern and the field intensity distribution coxres-
ponts to that cf W12 mode. As long as the neasurement of the
raciation pattern shows ne essential deviation from that of

a short radiatcr, all an with n > 1 may be gtudied here, not
oniy the ilupedance tut also the radiation pattern is neasured
at high frequercies in orxder to bte sure that only the V12 wave
exiats in 1hig remgion thus allowing for the use of a sinmplified
theory. The nesuurec radiaticn patterns show, that indeed all

Wy, With n > 1 may be neglected. (see [i¢] )

The avove protliem can bve solved by using a two step wmethod:
“ e .

a) For very low freguencies (radiator length very small com=-
pared to wavelength) w11 may alsc be neglected within the
dielect~ic. Then only the TEH nmode exists within the dielec-
tric. Tre dielectric mediun acts only as o transforming
inhouogercous lire for the w01 viave o

b) At somewhat higher frequencies an evonescent WH
nagnitude incrercses witl the sauure of frequency,

node whose
ulse forms
in the dielectric. The houndnry conditions at the dielectric
boundary surface caugesa this W!1 mode to excite an udditional
forxmaticn of tne V., mode. As a result, on increased radie
ation ¢f the V
out aielectric occurs to a certain extent,’

ro

iy
1
1o Spaste wave as compared tu a rgdictor with-

Impedoncz vransformation foxr very sheorit Radiators without
consideration_o” the TM fields in the Dielectiric,

It 1s ausvied what in Region I becween the feeding point and
the suxface 2z :- Zeys only the Wi mave veccmeg efiective. Then
equation (62) Lis the form

Fed e o
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This is the familiar equation for the impedance fzansfoxmation
of an inhomogeneous line with dielectric. This line has the
wgvelongth.ﬂ and the positioh-dependent characteristic impe~
dane 2, - (P . The outer region of Pig. 1 produces an impedance
Z,(2,) in the boundary surface z = g, of the dieleotric whioh
is also the termination impedance z,(zo) of the dielectric ac-
cording to (60). This 2,(z ) is transformed into the desired
input impedance z1(o) at 2 = 0 in Pig., 1 by the use of dielec~
tric and with the aid of equation (67). As long as no Y,4 fields
of appreciable magnitude exist in the dielectric, then the W12
space wave is only formed outside of the dielectric. Then the
gsame fields are produced outside the dielectric as those of

a radiator without dieledtric. The impedance Zz(zo) caused by
the outer region is then independent of the existence of a
"dielectric and is also valid for the location Z, of a radiator
with and without dielectric.

To be atle to compare radiators with and without dielectric
also the theory of a radiator without dielectric must be
established. Then the wave equations (30) to (40) are valid up
to the base point z = 0. Due to the larger /¢4 the TM modes
are still smallexr as conmpared to the cuse with dielectric and
can ‘then always be neglected if they are negligible for the
sane frequency in the dielectric. If 2, is the impedance in
the air region, then in analogy to (67) with &, = 1, the
following is valid for z2x

JZ'L o Z_i ._1..._ B ' _ ¢ .
Tl e (68)

where according to (58) for £, =1

P (69)

2' o o,

e
v Z’TV‘, f‘,
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The diffexence between (67) and (68) is that this antennaline .
with dieleoctric has a larger oapaoitance according to the
factox £, >1 or for the case of /o > 1, a largex induotance
acooxrding toAthe faotor Q/"r' As a xesult the wavelength

and the characteristic impedance zL are different in both -
oases.

mental Tes of the Theory of Impedance Transformatio

for very short Raediatoxs

Por the radiator without dielectric, the input impedance Z,(o)
at the base point £ = 0 is measured as a function of frequenoy.
Por this mead¥enent we are using the msame nrrangement as used
for Contract AP 61 (052)=41 [3]

Pig. 13 shows the working plane, Fig. 14 the radiator without .
dielectric, Pig. 15a and 15b the radiator surrounded with
dielectric.

Curve I of the Smith chart of Pig. 16 shows the input inmpe~
dance 22(0) of the radiator drawn in Pig. 5 without dielectric
for the frequency xange of 200 to 1000 mc/s. From this 22(0)
The impedance Z,(s,) in the sketched surface g = 8, is oal-
oculated with the aid of equation (68) for the condition that
the region from g = 0 t0 2 = 24 is filled with air. As an
example, Fig. 17 shows the migration of 22(0) to zz(’o) along
this inhomogeneous line at 200 mc/s, in accordance with
equation (68), if the losses due to the silver-plated conductor
suxface are neglected. Curve II of Pig. 16 shows a plot of the
calculated results for 22(50) obtained in this manner for the
frequency range of 200 to 1000 mc/s. This Z,(2,) is simultane-
ously the 21(80) by which the dielectric is terminated in the
surface £ = s . Prom 2,(s,) and by using equation (67) the in-
put 1mpogance 21(0) for the radiator with dielectric is calou=
lated. Mg. 17 shows the transformation at 200 me/s from z,(z )
to Z (0) along thie inhonogeneous line which is assumed to be
filled with a lossless dieleotrio (¢, = 2.5). Curve III of
Pig. 16 shows the z,(O) whioch were calculated in this manner for
the frequency xange of 200 to 1000 mc/s and curve IV shows the
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measured velues éi(O) of the radiator with dielectric.

If this messured Z,(0) at 200 me/es is inserted in Pig. 17 then
it can te r~en that the neasuraec Z1(0) lies close to the
caloulated Z1(O). Thus the theory has been confirmed at the
frequency of 200 we/s. The small deviation at 200 mc/s between
the measred and calculated values has a magnitude which can
readily be explained by the losses of the radiator.

The deviations tetween the celculated values &nd the measured
values of Z1(O) beccme larger with increasing frequency. These
deviations could have the following two causes:

a) Dielectric and radiator losses

b) Additional radiation where the W11 is no lenger negligitle.
The line z = %, which is drawn in Fig. 1 hes a length of
18,3 cm which 4s approximately Ao/2 at 90C me/s such
cexrtainly new raciation effects due to the dielectric occur
at this frequency. This linc Las approximately the ength
_M£/2 at 6C0 me/ s such thut the W,, in tke dielectric
could be appreciable and cause a consideratle part of the
deviation. An approximative ealculation i1n [HQ] shows, that
the dielectric and resistive losses are meglizitle in the
Frequency ange tetween 200 and 1000 me/s.

The deviations tetween the calculated inmpedance Z,(O) and the

neasured value- Z1(O)_can only be explained bty an additional

raciation caused by the dielectris. As the inpedance neasure -
ments show, t1ic additional radiation hecoues consistantly
stronger with increaeing frequency.

VII. Theoretital Results especially for a Dielectric having «,>¢,

As was suown in Section VI, the very short radiator which is
sul ounded ith dielectric has no additional radiation effects
as compared to the radiator in air. The only effect the
dielectric is a different impedance transformation from Z1(z°)
to Z1(0). This s also valid for a.dielectric of /ur> Ey

Sin e the theoxy for the impedance transformation (neg}eoting
losses) of very short radiators has been confirmed experimen-
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tally, it suffices to calculate the transformation of various
dielectrics without conducting measurement. The transeformation
sccurs according to the equation: ' )
JL,'.{L.-L[ "—F.‘] |
i 7 > 2 Z, 0»21 (70)

with
Y -
= IC?,/u. |
This equati~n is analogous to equation (67) for the impedawn.e
trznsformation along an inhomognecus line with diclectrxie with

the addition that equation (70) accounts for an &y as well as a my.

The position of the impedance Z1(0) in the complex impedance
plane is not immortaat. A suitable transformation arrangement
always allows for the transformation of an artitrary impedance
Z1(0) at the base of the radiator to a different arbtitrary
impedance at each freely chosen frequency.

-t
Bandwidth of very short Antennas with 57; < 55"

The transformation in the dielectric causes a different fre-
quency~dependent impedance at the tase of the radiator as com-
pared to thit of a radiator in air. As wus shown above, the

value of th:’'impedance at the entenna base has no influence

upon the antenn- performance; hoviever the frequency-dependency
of the impedancs at the antennsa base plays a very inportant part.
A very small fraquency-dependency of the impedance is desired.

The question, can the relative tandwidth br of a very short
antenna bte improved by using dielcctric, will be considered in
the followiag.

The relative randwidth br of the antenna is defined by:

"R A1)
by = —7,
“| 7%



R -o the xsal p:~t of the impecanne Z aut the base of the antenna.
A cording tc [2] the expression

iz & neasuie Jor determining the frequency intexval 4 £ in
rich a frequercy-dspendent innedance 2(f) = R + jX(f) may te
stunsfor ned into a “rtitrary freyuency-independent impedance.
Thie defini<en i3 scre generalizazd in #hat.le/dca/ instead of
|6¥/dcs! is insexted. For an eleztrically short radiator,
1v/dw[1is rpproximstely equal ts  [dz/dw/ . The ratio of the
bancwidth brL of & radiator with dielectric to the bandwidth
b,. of a radiatoxr ir air is according to equation (71):

i

b R . S ¥ !

rD ) gl A

- = o pa— 72 )
ErA ﬁsA / “hl) / (72

RsD is the real paxt'of the impedance ZD at the base of a radi-
ator in dielectric. RsA is the reni paxt of the inpedance ZA

a1 the basc ¢f ¢ ral.ator in air.

l'cw the ratio trD/bln of equation (72) will be ottained at

200 me/s fcr wsyicus dielectrice for the railiator in question.
e measurec .rpedarce 22(0) cf tre radiator irn air which is
transformed inuto zz(zo) = ZT(ZQ) ascoraing to equation (68)

ad fron Zl(ﬂc) inte Z1(O) according to ecuation (70) is used
o The treneformr tion acoordias to cquation (70) is exact
81 1c? this radiector is very short at 200 me/s and does not shoﬁ
aay adéiti-nal radiction.

oy oa dizlretzde vithf = 2.5 a, =1 the ratio

R ., a1,
—pe 0.236 _5—2;" = 2,07
au.



is ottained and from equation (72)

b
YA

Therefore tnz bandwidth of a radiator with dielectric (i'r = 2.5
/ur = 1) is =zmaller than the tandwidth of & radiator in air.

Por & dielectric with‘EI = M, = 2.5 the ratio
R_. dz
8D A
T C 07 2

is ottained and

b
xD
"'r- = 0055
TA

For a dielectric with /ur > & r [r =1, /ur = 2,5 the ratio

jap 1.15 = 0,95
Rea LR

_1s obtained and

b
rD

—E"—- = 1009
TA

This is la ger than 1, but is very close to 1. Therefore the
tandwidth enlarging effect with /“r > é‘r is very small.

Thus it can readily te seen that the bandwidth of an antenna
with dielectric with /"r < Er Lecomes poorer when the dielec-
tric only has a transformation effect. By using a dielectric
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. ‘ .
with /Y ?fr a snmall inprovement of the bundwidth as cdmpared ‘
to the radiator in air can be obatained. liowever, since no di-
electric with‘/ur h ér is known of to-date in the frequency
range considered, the transformation cbtained by using dielectrie
will slwsys cuuse a decrease in the bnndwidthb mhezefo:e the
performance of very short antennas having./: <f 0 will ke

deteriorated by the dislectric.

Bandwidth of a very short Antenne with 5% (;ll'<%%
0

With a sonewhat longer radiator having

7— > 3G the dielectric causes an additional radiation as has
béen experinentally confirmed in Section VI. Then RSD in

equation (72) tecomes larger thun the R, calculated frou the
-trenaformation according to ecuation (68) and (70). Tane ratio
er/hrA also becomes larger than- the calculated value obtained
from the transformation equation (68) and (70). The ratio
b,/b,, as calculated from equaticn (€8), (70) and (72) will be
conpured to the measured value ottailned in accordance with
equation (72) fcr a radiator surrounded with Polystyrol (!'I = 2,5
for the frequency range tetween 200 and 600 mc/s. Curve I of

Fig. 20 shows tre calculated values for hID/hrA and Curve 11

of the same figure shows the nmeasured values as a function of
frequency., It cen te seen that the values obtained from measure~
aents are alwaye larger than the culculated ones, since the
measured data contain the additional radiation effect of the
dielectric which was neglected in the transformation calcula-
tion. However the magnitude of hrD/brA which was obtalned from
neasured date wey also less than 1. This neans that the sone-
what larger an%enna in dielectric (‘Fr = 2.5 o, = 1) is not
titter than *¥= antenna in air. This is caused by the fact that
the bardwidth decreasing transformation effect of the dielec=-
_btric whose bendwidth decreasing tranasformation effect is as small
. as possikle shovld. te chosen. In thies respect the calculated
axampies have sh~yr that a dielectric having the highest possible
/M, end smallest &  would te most muitable for this purpose.

r
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Improvement of the Frequency-dependency of a Radiator with
Dielectric

It will now be attenpted to find a suitable geonmetric shape for
the dielectzric which will tend to prevent as much as possille
the bi.ndwidth decreasing transformation effect of the dielectric,
butdoes not effect the additional radiation., This could be

a hieved B placing the dielectric only in those regions of

the inhonogeneous line where it could aid the effect of addi-~
tional radiation.

The region of tie inhomogeneous line which is iaportant for
radiation is the location where the transition of the wo wave

to the Vi, wave is most pronouced. In exanining equations (25)
and (13) it can be recognized that the transition of Wy to W,

is approximately proportional to IO ° ?1n IO is the cuvrrent

01 the wo wave on the radiator and F1 is defined by equation (“6).
It can te readily realized that it is not advantageous to insert
dielectric within the field line z/h = 0.5 since the line ig
houogeneous rere and no mode transition from WO to W1 occurs.
Thexrefore the dlelectric should firat be inserted outside the
field line z/h = 0.5.

A second point of view which should te considered for a radiator
surrounded with a dielectric medium is the following: The length
of toundary field line is deternined by the magnitude of /ur~é e”
By means of & siutable choice of dielectric it can te accomplished
that the toundary field line of the W, wave lies within the
toundaxry of the dielectric. Then the Yy mode is capable of
existing in wave form within the dielectric. For this case the
dlelectric shiouid extend outwards as close as possitle to the
btoundary field line of the W1 wave in air, oo that the U1 which
was formed 3 . the dielectric can also exist in the outer air
reglon in viave form.

Such a diele¢ "tric arrangement would allow the btandwidth - en-
largening a: itional radiation effect to exceed the bandwidth-
decreasing t -18formation effect, even for the case U < & ¢
Therefore tre expectation exists that the use of a dielectric
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ha-ing slutadble chosen geometr c domensions in conjunction with
antennas with h/) > 1/20 will give hrD/th.>'1 even for the
czue of i, & ,. However the desivatle effect will not be vexy
11‘.3.1'&:3 . .

Effect of « ¢ielcctrio with very !ggggﬂ/ur

Tiie use of a dielectric with very large /ur causes a considexatle
wlorgement of the eiectrical Zen_th of the antenna with

ly}o < 1/2G 4if it is regarded as ¢ lins, but no enlargement of
the electricsl lergtr if it dis yecuyded asgs & radiator, It is

a faniliar Za.t that on the average, long lines have a snmallex
andwidth. fu ep3cifrc cases tlie bandwidih can also Le enlarged
somewhat. Since the eatire proceiure 1s concerned wish trans-
formstions, the imnicvement of tioe bandwidth can also be
achieved by incerting a properiy chosen four-role transformation
rrongement in ¢he feeding line. Lherefore the lLrsansformation
elfect of a dielectric with very laxrse /Uy does not bring a di-
raect improvenert ¢f anitenna performavce.

For a radistor with dielectric, i consideratls sniar_ement of
the tandwicth can only te obtaulnzd as a result of a large
additional radistuiern . lowever trz wdditional raidi~tion cauneed
by the dielzetrie is very smal’ icx the case ¢f very snall
atistors. Siace “he size of tie c¢ielectric should not extend
beyord the eoretric height h of the very shoxrt radiatlox, the
boandary f:21d line of the W, «eve in sir is far distant fronm
tna boundery ol the dielectric. “he azir Ii1lled repion IIX of
Pig. 4c within the boundary field iine possesces an lmaginary
¢ .0r “he W1 mode. Due to the large /ur, the‘w1
fields tha~ sr¢ forumed within tle dielectric are capatle of
existing in —~ni forxm of waves. lovever they decrease exponenti-
€'1ly in tke i rogion III of P a. 4c¢ surrcunding the dielectric
siaze thie ragion shows an imaginavy wave impedance up to the

wava impeda:.

Ae

toundary field line of the W, weve in alr. The very short
r3diatoy wich ""e¢ry large /ur anc h/AJ<: 1/20 has a very lerxge
r:gi0on 111 of 7ig. 4c. Therxefore the flelds of ¥, decreaase very

r.ch until arriving at the bouncary field line in air. As a re-
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sult they can hardly cause an éddifional.raq1ation in this
region.

Therefore the use of dielectrio with very'large /“r can not
bring an improvement for very short antennas.

VIII. Very short Radiator in a Polystyrol Shell of img:ovcd Shape

" Between the field line z/h = 0.5 and the feeding point of the

-radiator, the dielectric medium only causes a bandwidth de~
oreasing transformation effect. Therefore the dielectric ma-
terial should only Le placed in those regions of the antenna
where it could ald the effect of addlitional radiation. Pig. 21
shows the improved geometric shape of the dielectric material.
This improved shape is constructed of the same polystyrol ma-
terial as that of the shape in sect. VI (é'r = 2,5).

The impeéance caused by the outer space at the coordinate
g =2, which is-the bordexr of the dielectric medium is always
the same for very short antennas, independent of the dielectric

medium. Curve II of Pig. 16 shows this impedance Zy at z = Zq

“which has been ealculated from the impedance measurements of

the antenna in air. The transformation of this known inmpedance
Z, at the field line z = %, inwards towards the field line

g = 2, of Pig. 21 is obtained by using a computer in conjunc-
tion with the Runge-Kutta method for solving eq. (101)

oliﬂ ‘ Ell . 7 4
i J 2 2“/?;'/12-522‘: ?T/ con

this corresponds to equation (67) |
Z, is the impedance to be transformed.
zLo is the characteristic impedance of the feeding line.

A = Ao (102)

Ve,

The transformation of the impedance from é = B, inwarde to-
wards 2 = 0 occurs according to
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Ay e < v

.35-

(103)

This corresponds to lquétion (68)

The dieleoctric and resistive losses axe sc small that they
can te neglected in the calculation proocedure as was done with
the antenna in sect. VI.

Cuzrve I in the Smith-chart of Fig. 22 shows the plot of the
caloulated feedins point impedance for the frequenocy range
200 - 1000 mo/s. Curve II gives the measured values.

If the antenna height h is smaller than A /20 then the mea-
sured and calculated impedunce values are in good agreement.
If h is larger than A 0/20 then the measured impedance values
lie closexr to the SVR = 1 point than the caloulated values.
This was also observed with the antenna described sect. VI
and is caused bty the additional radiation effect of the di-
electxic.

Pig. 23 gives a plot of er/brA acoording to equation (72).
Cuzxve I of Pig. 23 is a plot for this ratio using the calcu=-
lated impedance values; Curve II gives a plot for the same
ratio using the measured impedance values. As a result of the
additional radiation, the values for brn/brA obtained by using
the calculated impedance data.

If the curves of Fig. 23 are compared with the corresponding
curves of Fig. 20 then it is reudily realized that the new
form of the dielectrioc medium yields a noticeable improvement
of the tandwidth. However the bandwidth of the antenna sur-
rounded with the improved polystyrol ehape is still smallerx
than the bardwidth of an antenna in air.

IX. Very short Radiator in Pexrite Shells of improved Shape

The medium which surrounds the spherical antenna shall now be
constructed of Ferrite material. Pexrrite powder nixed with

]
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melted paraffin (tinding medium) wes used. At warm tenperatu-
res this nixture could te formed to the desired shapes. Upon
cooling the mixture has approximately the same rigidity as
paraffin.

A test set-up was constructed for measuring the electric and
magnetic characteristics of thls material. The latter consists
of a variatie siiort circuit tuning studb, a test-sample line
and a slo%t:d line arrangement. The wmeasuring equipment serves
ag a means oI determining the following material conastants:

”

£y
[,', £y with L4, = o
and (105)
/l‘ ”
’ ” with =
Vel ,/“v -‘5 6/ /‘4.,

Pig. 24 and 25 give the measured material constants of ferrite
of type U 60 (Fig. 24) and HFFL (Pig. 25) from Siemens & Halske
Company which were used in the construction of the improved
shapes (Pig. 21). For measured data of othexr ferrite materials
see [31] » I'he constants f;and /u; remain approximately con~
stant in the frequency range tetween 200 and 1000 ne/s.

Vhereas ¢,” increases slightly with increasing frequency and
/u;'increaszs rapidly with increasing frequency.

Pig. 26 show3 the plaster nolds used for forming the ferrite
shapes,

Fig. 27 shows two finished ferrite shapes and one shape nade
out of polystyrol.

Fig. 28 sho’3 a botton view of a ferrite shape and Fig. 29
shows the lacter with a spherical radiator in its center on
the nmeasur?ag plane.



Fig.26 b



Fig. 29
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Calculation of “he Feeding Point Impedance takjing into con-

sideration the vlectric and nmagnetic field losses.

The transformat:.on of the known impedance at the field line
£ = 8, (see Fig. 16 ourve II) inwa:ds towards the field line"
% = z5 ocours arcording to:

J?a N L /
—_— EY (106)

with

A oe L
= /“—_"*’
"v/"v
this corxrespondt to equation (70).

As was the case with the antenna in sect. VI, the resistive
losses can be neglected since the outer surface of the radia~
tor is silver plated. However the electric and magnetic field
losses of the ferrite tody itself are so large in the frequency
range tetween 200 and 1000 me/s that these must be included

in the impedance calculation., Therefore a complex material cone
stant is actually used,

“y: ;1/- j‘!Y
R

”

% (107)

’

fvi":/ﬁ’//*' ’ arc obtained from Pig. 24 and 25. If equation
(107) is inserted into equation (106) then a transformation
equation for the inhomogeneous line with consideration of the
electric and megnetic field losses is ottained. The impedance
which is obtained in this manner is now transferred from the
field line 2z = z, inward towards the feeding point z = O by
using equation (103).

Curve I of Fig. 30 shows the oalculated feeding point impedance
of the antenna with ferrite U 60 ( £ = 4. 9y =1 .48).



The latter is plottad ona Smith--chart for the frequency range
between 200 uad 1.00 nmc/s. Curve II shows the measured values
of the feeding vcint impedance of this antenna.

If the antenna leight h is larger than A O/20 then the meca-
sured imped:nce v:ilues once again Llie nearer the SVWR = 1 circle
than the calculated values, and can again be explalined as teing
caused by the additional radiation due to the ferrite. Howaver
a second effect exlists here: )

The measure¢ impedance of curve II in Pig. 30 shows an inden-
tetion with & snall loop in the frequency range about 600 me/s.
Here the impedance liss very close to the SWR = 1 point. This
loop 18 caused uy a cavity-resscnance of the Vi-wave within the

ferrite body. The wavelengthza wt OF the W, wave within the
ferrite body 1is sualler than its equivalent in air bty the

factox:
/

///[I/f )
The f£irst resonance of the W,~wave occurs in the frequency
range about 600 mc/s where the electrical wavelength betiween
24 and 2, has the values .)w1/2o Tne next resonance occurs at
twice this frequency namely: 1.200 me/s. In the impedance plot
of curve II in g, 30 one can alreedy notice the beginning of
the second loop at 1.000 me/s.

The exact transfcrmation of the impedance Z from the outer
field line z = By inwards towards the field line z;y occurs
according to the equation:

A2, s ’-_L__ P (108)
_6—1—;".:7 \*/7’, 3 [v E?’L—')“’ %‘f‘.' -/
¥ith

Xt ==
V?:/“*

This correspond: o ecuation (62).
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In the viocinity of the ocavity resonance of the Vy=wave, 11/wo
becomes very large and via the faotor P, of equation(108)
influences ths .mpedance transformation dZ/dg of the Wo-wave.

In the calculation of the impedance in accordance with equation.
(106) the faotor 1.9 u_:l of equaticn (108) was not ‘taken into
consideration, Yo

Therefore the caléulated impedance depicted ty curve I of Pig.
30 does not contain a loop.

In the impedance calculation a consideration of the W,~wave

is not possible since the magnitude of w1/w° is not known.
Whereas the impedance Z of the Wo wave of a radiator in alr can
be determined via measurement and used for the impedance cal-
culation of the WV -wave of the ferrite antenna, this is not
possikle for the Wy cavity resonance since the antenna surrounded
with air does not possess suoh a cavity resonance.

The resonance behaviour of the Wy-wave in ferrite does not
cause a change in the oosine shape of the directional pattern
of the antenna as long as the geometric antenna height h is
small conmpared to the wavelenght. If a Gifferent antenna pattern
ie desired then the geometrical height h must be in the order
of A, [i2]

The cavity resonance can te considered as a transforming net-
work in the inhomoé%eoua antenna line. Therefore it can be
replaced by a suitably chosen four pole network which is in-
serted at the feeding point of the small antenna. As a resull
it can be reoliged that this phenomenon does not tring a real
improvement of the antenna characteristics.

Pigure 31 shows the ratio brF/brA of the relative bandwidth

‘of an antenna imbedded in Fexrite U 60 to the relative tand-

width of the antenna in air. Curve I of Fig. 31 is that of the
calculated impedance; curve II is & plot of the measured values.
As a2 result of ilie additional radiation and the additional trans-
2ormation effect of the cavity resonance at 600 mc/s, curve I
lies above curve I.



The definition of the tandwidth is only plausible when the
impedance plot does not contain loops. Therefore curve II is
shown in broken line foxrm above 450 mc/s.

Pig. 32 gives a plot of the feeding point impedance of an an~-
tenna with ferrite HFFi (¢,'= 8.25, #, = 2.82) in the fre-
quency range 200 to 1000 mc/s. Curve I shows the celculated
values, curve II the measured values of the feeding point
impedance of this antenna.

Curve II once again lies closer to the point SWR = 1 of the
Smith-chart tyan does cuxve I, Aca result of the large values
of f,'and,ﬂ' the loop in the meesured impedance plot already
occurs at 350 mc/s. Curve I of Fig. 33 shows the ratio brF/brA
using the calculated impeiance values and curve II for the mea-
sured impedance valués. Since the first loop already occurs at
350 wme/s, curve II is drawn in troken line form above 250 mc/s.
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Conclusions

As was shown in TR1 the practical use of a very short antenna

is dependent on its bandwidth. Therefore if one wants to improve
the characteristics of a very short antenna, a neans nust be
found to increase its bandwidth. This could te possible by
surrounding the radiator with dielectric material eapecially
ferrite. Pirst the radiator -as surrounded with polystyrol ang
the effect of various geometric forms of the dielectric material
upon the antenna behaviour was investigated. Theory and measured
data has shown that a larger bandwidth is obtained when the
dielectric tegins at some distance away from the feeding point of
the antenna than in the case of having the dielectric already
tegin at the feeding point. That poition of the dielectric

which is in the vicinity of théfeeding point of vexry short an-
tennas can not tring an improvement in the radiation behaviour
and thus does not result with an increase in the bandwidth.
Rather, this region of the dielectric only causes an increase in
the reactive power of the ftrangmission line wave. This reactive
power is undesiralble since it causes a decrease in the bandwidth.

These results seem to indicate that a sphere totally filled
with dielectric material may not be the most sultable shape for
surrounding a dipole.

Accoxding to[?}] and[?#J a fundamentel 1limit is imposed on the
bandwidth of antennas by the inpedance of the gphericsl wave
function representing their radiated fields. A cosine form of
the directional antenna pattern is ottained with very short
antennas whose geometric height h is small compared to the
wavelength regardless if the antenna is surrounded with ferrite
or not,[?;] Therefore only the lowest order dipole mode of these
spherieal wavefunctions appears. Then the impedance of the
latter mode is the same for all very short antennas. Therefore

a ferrite shell surrounding a very short antenna does not tring
a real improvement in antenna tehaviour; rather only a different
transformation form of the antenna inmpedance results. Our in-
pedance measurements indicate a cavity resonance of the Vy=
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wave in the feryite body. When a ferrite with very high /ﬁr

is used, the cavity resonance is excited at very low frequencies.
But this resonance does not constritute to radiation and thus

has no bandwid*th increasing effect because the air filled outex
space re ion in imnediate vicinity of the ferrite body ean not
support the W1—wave in its propagating form. Only at vexry distant
regions away from the antenna can W1 again exist as a propa-
gating wave in the air fillec outer syace, Thus thig cavity
resonance also /2s only a transforming effect. Since the an-
tenna is very short all this transformations could also have

been accoupiished by inserting a suit=ile fourpole network

in the feeding point of the antzrna.

If the antenna i1s chosen to be larger than ‘AO/ZO then the
ferrite material can also influence tre impedance of the lowest
oxrdex spherical wave function. This 1ie especially true wvlen

the ferrite shell has approximately the same height as that of
the antanna itself. As the antenra height is increascd the
wave function already has propacaiing wave characterigtics in
the air-filled outer space region near the ferrite tody. Then
additional radiation nay te transmiited from the ferrite tody
into space. Thip additional radiation causes some enlargenent
of the antenna bandwidth, .
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(lossary of Symbols
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TA
D
TF
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Distortion faoctor of the coordinate system

Relative bandwidth

Relative bandwidth of antenna in air
Relative bandwidth of antenna in dielectric
Relative bandwidth of antenna in Ferrite
Phase constant |

Capacity

Capacity per unit length

Capacity of the antenna in air

Capacity of the antenna in dielectric
Dielectric constant of free space
Reltive dielectric constant

Real part of complex SI

Inaginary part of complex {I

Electric field intensity

Frequency

Area element

Fourler covefficients

Magnetic field intensity
Geometrical height of the rndiator
Current

Surface curxent density

Coupling factor

VWavelength in air



VWavelength in dielectric medium

Critical wavelength

Wgyelength in a dielectric medium with /Yy and £r
Permeability of free epace

Relative rermeability

Real part of conplex /"r

Imaginaxry part of complex /“i

Angular frequency

Radiation resistance

Radiation resistance of antenna in air

Radiation resistance of antenna in dielectric
Attenuatlion resistance

Rgdius

Dielectric loss factor ‘

Loss factor of the magnetic fi=1ld

Voltage

Conplex wace function

Antenna reeistance

Coordinate difference

Geometrical differxence between adjacent coordinate lines
Impedance

Characteristic impedance of faecing line with air
Characteristic impedance of feeding line with dielectriec
Coordinate of the outer toundary of dielectric medium
Coordinate of the inner boundary of dielectric medium
Impedance of antenna\in alx '

Impedunce of antenna in dielectric
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improved shape conpared to tindwidth of the antenna in aix
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Part 2: Poided dipole antenna with tunpel diode

Abatract:

This report.desle with the effects of a combination oonsie-
ting of an antenna and tunnel 4iodes. This is a firet report
-sxplaining some fundamental rules in respect to the appli-
cation of tunnel diodes with antennas; also the correspon-
ding impedance measurement teohniques are deacribed. Part I
of this treatment is primarily conzerned with the stability
problems involved in avoiding self-excitation pheneomena
within the system, Part II discusses the basic questions
concerniug the measurement of input impedance.

A Tolded ﬁnipole with a tunnel diode at the top of the ra~
diator ia studied experimentally as an example. The measure-~
ment of impedances with negétive resietances by using slotted
Line techniques io also deseribed. The next report will treat,
guch continstions whichi are of technicul interest.
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. 1.5tability of Antenna Systems containing Tunnel Diodes

. Negative Reslstance Applicutions

The generation of a necative resistance. which is achieved
either through an active four-terminal netviork with xegene-
rative feedtuck or by using the nixing principles of a non-
lineuy reuctance; requires a zelntiveiy large numtey of cire
cuit components. However the tunnel diode offers a negative re~
sistance in tha form of a single component and its application
1ecruirements as a circuit element ure the sane us those of a
" positive resistance with the exception of the fullowing three
pointa:

#) The tunnel diode requires a bias voltage (approx. 120 aV).

t} 1ts rerulation range is limited to a naximum of 10-20 nv

cuused bty the descending portion of its churaotéristic
curve.

¢} The insertion of a negative resistance introduces the posui-
tility of self-excitution ol the network; in muny cases this
is undesiratle.,
Taking the reuuirenents listed aktove into consideration, the
“h ecun te used as a negative resistance elenent up to an upper
frequency -1init "f," which is also the case for positive resis-
t necey and has the name cause; nanely: the reactive :ehaviour
of the conductor naterial. (1le theoretical aeqioonuuctor
ffect of the TD in independert of frequency up to 10 13 cps).

e simple use of this circui: element thus provide additional
derree of frcedom as fer as tie design of the electxichl net-
works 18 concerned, since the jositive resistunces and conductan~- .
ces, or the real part of impecznces and .adnittances can be
compensated for .ty the size of "R ", In this respect, two
uppllication goals cun te set fox the use of negative :eaistance
(excluding for the monent the use as
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a self-oscillating devide) and are listed belows

a) Deatenuation of a load, thus achieving an'ahplifiqation
effect. ' -

b) Application of negatiﬁe resistances for obtuining special
impedance and admittance functione, expecially those func-
tions having characteristic curves turning in a counter
clockwise direction (influencing characteristic curies
turning in a clockwise direction in respect to a wide
band compensation). Amplification effect through the ne-
gative resistance in this case, is considered of no value.

A eelf excitation of thie current loop would disturb the
operating conditions ard must thus be completely avoided.

B, Network Stability

Before Networks are caculated it is normally assumed that
thelr electrical behaviou- is such that nay transient exci-
tations are of a decaying nature and after a short period of
time a steady state is achieved ir whick the voltages and
currents are then only infiuenced by the induced signal of
the connected generatore. Thie assimption is valid for each
case of paessive networks and thus reed nct be investigated
for each individual case.

lowever thio assumpticn does not nocessay apply when the

network contains active fourpoles with regenerative feedback
and / or negative res.stances, Taerefore .t cannot be aesured
that the methodes of network analyeis, th¢ complex calculation

and the characteriastic curve rules all fulifill the requiremente

f5r such a system. In most cames tha trans. :nt oscillations
af circuits incorporating negative resistances do not decay
w#ith time, rather they increase, and as & re¢sult of the non-
linear limitation effects either a etanding oscillation will
appear or a pure exponentisl ourrent increass prevents an
adjustment of the operat.ng point of the negitive resistance
element, '

-
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Therefore it bedomes extremely desirable to associate s sia~
bility sheck in conjunotion with the calculation of such
cirecuits or to chegk the stability of an exieting cirouit

by means of messurement. In addition it would he quite ad-
vantageous if a circuit which has been proven to be inatable
could be mtadilized by using a suitable arrangement which
does not disturd the initially preset and required cirocuit
funotionsa. ~

Both of the alove mentioned problems will be treated aeperé~
tely in the foilowing text: Firet of all the prodlem of a
general stability coriterium check will be treated in seclion
C - P, The stability-criterium, which is actually suitabdble

- for practical 3hecka,'is expressed at the end fo section F.

Circuit rscommendations which have some chance of being
stable are given in section H. However in case the practical
applications of them should prove to be inetable outside of
the operating frequency range due to siray circuit elements
which are too difficult for sheretical comeideration, these
eircuits can be restrained from seif-oscillaticn by means of
ingerting a Two-Pole~-Stabilizer {Seection H).

C. Practicsl Requiremente for a Stability Check

Bapically 1t 1a alwaye possible to investigate the dynamic
behaviour of a circuit via a system of differential equations
when the retwork stiructure and size of the individuwal cirocuit
componente is completely known, The transients (generasl so-
lution of the homogeneous diff. eq.) as well as these currents
and voltages wiich are caused by the connected generator
(special eolution of the inhomogeneous diff. eq.) by means of
the complex calcoulation can be calculated from these diff, eqn.

The trausients of interest canr hardly be calculated in
prac: ce for the foliowing two strorg reasons:

1. IT the network contains more than two reactive components
then the solution for the characteristic equation of the
nth order is difficult and hardly possible in practice
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¢, The exaoct nstwork structure nor tho nize ‘'of the 1ndiv1~
Gual oomponente are sctuslly unknown sven for what appéars
to be a simple example. lxperience has shown that even
stray- and couple-reactances in-the order of magnitude
leas than 1 aH and 7 pP respecively may not be negleated
if the stability criterium of wide-band negative resistance
circuits is to he investigated.

In respect to the firet above mentioned diffioculty, a way
out can te found even for n hAterm networks in that one
abandons the search for an explicit solution of the n-solu-
tions of the characteristic equations, and rather determines
if by means of a simple relationship of the function theory,
whether the characteristic esquation containe at least one
solution (Ligen frequency) with a positive real part (an
unlimited increasing transient oscillation).

This method (encircling criterium of F,Strecker [1] [2] )
will be described only in ghort in the following since it
has practically no meaning in respect to the second diffulty
mentionad previously. However this method is of some value
for the derivation of the suggeated method of determining
stability as will be shown in the following.

If the two previously mentlcned difficulties are compared
with one another then one ccmeg to the conclusion that a
practical ani meaningful stability check definitely requires
meagurement of the network tehaviodr and network funcionms.
The measirements must de corducted so oompletel& and with
such 2 high degree of accurdcy that the above mentioned
perasitis elemente (1 nH, 1 pF) can be readily pinpointed

in the measurement data.

. Thess requirements are fulfilled by the impedance and ad-

nittance-funotions; in reciprooal circuits these funciions
are superior to transformation functions due to the former's
clarity in respect to their universally accepted definition
as well as their reliable practicel measurement. Sinceée the




et b St S 1 o

- 50 = ' .
elpeciall

ideas develored here have Been developed for the use of
negatiwzreuiatanoes in linear networks, reciproaity exista
wilhout a doubt. If on the other hand one is oconcerned with
a network in which active, non-reeiproocal fourpoles are con-
aldered, then the transformation functions are incorporated
as checking funotions (for example the Nyauist Criterium).

The preferred functiona mentionsd abovs can be found a= mea-
sur«d charascteristioc -impedance- or admittance curves. In
14 . Lisn auch curves of a practical end realizadble network
e o desirable advantage in that they can be constructed
vitn great case in the complex plane. However along with this
savaniage exlats the faet that the characteristic curve which
was found by measurement only wih$in a limited frequency
range for a network which is not completely known, can be
extended for very high and very low frequencies via graphical
canatreeotion since this curve is aiwaye dependent upon the
drivisg function of the circuit element which is directly

snnecited o the measurement termingla.

1 _The "neircling Criterium of Strecker

Ui train of thought presented in 1thie aection is concerned
with o pure analytical search for fhe Eigen values of a
compiicated differential egqumtion or of a aystem of coupled
dif’erential equations; however they form the basis for the
Toilowing relationship between the characteristic curvea of
the impedance- and conductance- functions and the inoreasing
or deceying transients of the network.

It should be noted that a stadbility test, no matter in which
manner it is accomplished, must pertain to the completely
closed network, and not only to that curreat loop which en-
compugses the negative resistance. For example, 1f'one wishes
tc ineert & TD into an antenna, then the network oconsimts oft
the entenna with the surrounding region and the receiver input
inpodnncea. 1P the jatler were %o he changed slightly (for e~
WG approx. &04) the conditicn of matching would hardly be.

e : .

® s -

N NS
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uitered, Fuewever as far as the stability investigation is
concerned, a completely different network now exists and can
tor exampl - Jecome unetable resulting from the alteration.
This ecriticuel operation behaviour of circuite containing ne-:
gative res. siances rests upon the fact that iihe desirable
cffect, 8. fo: example deattenuation, obtained by inserting a
nagative -.gilntance. forces a circuit design which is aliready
vary cloa: t» the stability margin.

"he trarni.snt: (surrent time functions) of a purposely chosen
gilmpie ex-ripls ag in Fig.4 will be investigated via 2 ayatem
of differenticl equations. The following solution form ie ‘
. «hlcipatea:

t

Q 4 cocooen

i, =1 opo‘ + I
(Pm,'§+JWJ

This meanu that each mesh current: 1i,, 1, etc., coneists of
a sum of time-dependent current components the number of which
is the same as the number of independent energy storage com-
ponents within the network. Ae far as the stability consi-
deration is concerned only the time dependencies are of interest,
therefore only the Ligen frequencies or transient characteris-
tica: Poit Pos etc.; the initial amplitudes: Ie1 ete. are
riot of interagc.

H
"/ N, (/’-“\ '
i A ( :L) e 1{) i
, - -
! l

Fgot
Exam” = for a simple circuit iancluding a negative resistor.
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If the voltage drope are summed for the mesh ocurrents in
the clockwise direoction the following is obtained:

r
. 1 1

Mesh 1 3 ( i, (”Rn)*E, 1,d¢ - cj‘ 1,d% -0

' { d:l

Mesh 2 i dt + = C} iautﬂbl “" vizﬁp -0

After the sibstltutiont 4, = I, aF ot 1, = IaepOt has been
made in ths ey.ations and the 1atter divided through the
funotion:epot

1

1
Mesh 1 : I, ( R, + P ) + I( - S:E ) =0
Mesh 2 I, (- - ) o+ 12( +pL+ R ) - =0

poc °C

In this mar 21 the eystem of,homogeneoﬁa diff, eqn. is trans-
posed to a .yavem of algebraic equations in which P, and the
currents a @ uiknown, The resulting equation system is one in
which zero ie the value to the right of the equal sign; since
I% and I2 ~rou'd not be zero, these equations are only satis-
fied when ‘"« .'sterminent of the coeffizient-matrix disappears,
thans :

R R .
L - c

| PoC
:‘ ;;5 ;:E ¢+ p L+ Rp
“p
A - pOZRnLC - po(L-RanC) - (Rp-nn) -0 : (2 ) .
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The reiati- . aip (¥}, is the determing equation for the n-Eigen
trequencien. Yoyt poé. Py etc. and will be called the
chimractery v aguation. Ih respect to the above example a
agccond ocarr jolynomial 1g obtained and only two solutions:
“igen fregueucles Py, Ard Poz exist for which the polynomial
can have.th2 value zero, and pertain cthen only to two energy
atorage dv . leey in the netweork.

The methos o “ransposing the system of coupled diff equations
1 8 us ~tem 0f algebraic equations rnutead of setting up

the characterisiic equa. in ithe usual manner has been done
intentionr jly here in order to he atle to‘make use of the
matrix order scheme. In this mauner miiti- termed networks can
he itnvestligated Lln a digeetible manner, for examplé by using
the many transformation rules for equivalent matrixes thua
consideraly simplyfying the calculation procesdure fsr the
determinent ITn addition some general pure algebtraic siabi-
Y1ty tept riethods exiat, whieh rest upon the coefflicient ma-
trix met Zp in (1) {for example the determinent criterium of
Barwits [i]). Also 1t 1a common practice to obtair the deriva-
Yion of impedance and conductance funetions from such mesh
agquattonn or mntrixeﬁ, and in this manner the relation-ship
“ataeen the ctaracteristic equation and the network functions

« impedance, c¢rmductance, trananformation values) can be written.

th th

Tar an n tern network a polynomiaml of the n " -order is ob..

tatined ar the zharacteristic 2zuation:

o . st

o " F L1k orrronme e Uy Py ¥ By = 0 (3)

M
n

avd 3t le ow mot possitile to calcuiste explicitly the n-solu-
Linna whict ~re the n-igen freguency valueg,

“hig dLrtr Ul vy can be bypraaded in the following manier:

Letually 36 v not required that the numerical value nf each

Yigen frec.e.cy:

)
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te known, rince we are only interested in determining, if the
network 1o otelle or not and it seeme to be unimportant to.’
know exactly in what respect the'corresponding network ia un-
ntub e "his means that 1% 1s not required to know the exact
“i0 function wizh which a transient decays or increases in
amniitude, Thererore i1t is sufficient to know, if any one of

i ﬂ‘uolulions'“poﬁ“ of the characterisvic equation podes a
saaitive real part " D2 If thie cundition does exiut,

: F . \

Lien Lhe gurrent components loue”” - G11mbd awove ail ii-

=it with, inorapong time: however tie niner current components
Jureh have a neégative ren) part in the exgonent decrease ito-
wvarida zoro with ilneresping time "i7. '

Avenedingiy. “he lnitial eurrent amplirtudes “Iou“ are also un-
imrortant and need not be determined heres thei could have an

arvitrary omail value for example: they could describe the

Ao anrlitude of the circuit component 1tself., The expo-
rertinl inorease ap n function of time in reallity determin-s
"ne dynamle behaviour of the circuit. It ean occur that the
v, rransients mny develep into a pteady state oscillation
oo e resulting from the mon-linear hehaviour of the
Aiceait esmponent, ususily of the negative repintance itaelif,

~

Yr. srier %o annaer the decinive queption above: “Does the

Y ractorigtle egquation have at leant one nolution with a po-
civswe real part”™  The following treatment ie made: The
cyoaetade “;’" of the polynomial {3) in substituted by a ge-

- ., snonioex nunmber “p" and the followiag characteristic func-

L 1 ontaineds

! D=l
oo - ST & rosn e v a P .
o “n‘a‘p 8,p o (4)

ei o lynomity ia nox eonnidered as the transformation func
o+ aarnrming from the compiex p-plane vo the complex

s s cAcranily anly the imeginary axis of ike p-plane i
e Lrnfuoiarmest, thuas

. ) s w . ' L e
N i @ e 1. w a VW vV
un(J ) * un’.‘(J".' M 51‘]' * uO

)



"fntlowing ‘actora.

ﬂa»‘ 0!;( Jw— 2 ewasuivssas Jw"en) (p - 0)
“ach of th:r lincvar fectora Qwapou)corraspunda to s vaotor in
ter weplar: wkich ta to be conszﬂerea as sxietxng tetwoen the
B gen'valu: B, Lo the advuble point 3w on tnezimaginsry Axid
Cece Pigll Ty tne neiwork 1o stabls, which meane that all
“ieew frequencies J1e on the left sige of the p-plane, then
s-»;f‘:’.’:t wr-tnm‘crtf-xtaﬂ about the nngla + i1 as t:‘.'kee on all

vaie vetaecn - ¢ agd + ' in this order. Ths rotation
et whs vhe oo d:nesr factors on tne teft side of o B

©ooanation (€) muet however be equal to the rotational angle df
the (¥ dl-vector on the right side of the equation.

o e ) | o th{F} -
. ‘ ) : @ ; 'NMA\‘ ‘ .
| //’ B N ®
e - T D

1

. {
L‘ i R
} N : w
; :
£1g.2 ' Fig.3
sroe in tie p « plune. ‘ The ‘plotted curve of the.

aiding 7 - Funktion.

Uayever the notual pozition of the Figen values are not known -

"iu the p-plane hut the transformation of the imaginary axie = .~

AT the p-plus » iato the curve P( ¢ ) is available by equation - -

(%1, However ..uce the order of the polynomial is specified by - .
‘ () and there. - elso :he.nusber of the poseible Figen frequencies,.
>r Yipear fac! rs of the separation as in (6) it can now be
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eaids A vecotr (P-0) which exists between the origin of the
F.plane to the points on theourve F(w ), will rotate abdout
the origin with the angle § = +nY 4f the oircuit is stadle,
whish means that all the Eigen frequencies have negative real
parte (see £ig.2 + 3 for ns2). However if instability existe,
which means that at least one Eigen value is loocated in the
right side of the p-plane, then one of the n possible vectors
dses not exiet in the left side of the p-plane; thus ite
rarresponding rotation factor +r ie missing and the rotation
factor -7  of the corresponding vector osuses its appearance
{n the right si de of the p-plane (see fig.4).

Thue a single Figen frequency having a positive real part pre..
vents the maximum possible rotation angle of the (P-O)-vecotr

[‘Mx = n7 by the factor 2.

™erefire the results yleid:

the circuit is statle for £ = nf N
the rircuit ie unstadle for # < nfT

[ENG
G ®
< y L
Pes e # e - . — a
t,. [ Y] - . f"k 'ﬁ ‘ 'Eip?
Figed 1'ige5
vieros in the pei’lune The plotted ourve of

aiding  ~ Funktion.

In concliusion it shoud once again de noted that these stadility
checking procedures may only then be applied when the network
otructure is known, The characteristic ocurves which are depicted
in fig. 3 + 5 descride an aiding functions P (@ ), which has
no meaning other than being an helping funotion and also ocan
not be determined by ocirouit messurement.
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check, which waa daveloped in tho preceding aeotion, will be

In the rollowing it will he ahawn that tha oharao%qrin&iaq
equation (£) is contained in euch impe&ancu lnd cﬂnﬂuq%lnch - .
function. In addition the limitatione in un:inc the chnrae~\"~“')iin
teristic curves of such runotione in respect to the stebility . .

shown.

First of all a wimple network as in “ig.6 will be inﬁestigated
i order to determine the relationship tetween the Eigen fre- :
quencies of a network aud the respective impedance or conduc~
tarce functions. The network of fig.6 cohtains a lossless
parallel reoonance cirauit. If in the following relationehip:

i
A
!
1

l-ule") oY u Yb

— - n—— — — e

F‘so‘s )
Example for a eirouit having seros only

a finite voltage exists at the network terminals even for an
infinitely wmall current "i" (open ckt. terminale) then Y, = 0.
For the abova example this condition can sasily be visualizeds
For the Eig - frequency w, 8 voltage oan exist at the terninals

4

of a lossles. :ank circult without requiring that a current be .
induced intc the network from without. This means that the Eigen

traquencies of the network are obtained from the requirement:

and from Y, = O or p2Le + 1 20 tho tqlmwing u obteineds .

.@_‘

Yb a 0, For he above exaqple the following is valid:

L

- 2 ’ t
L0, RAC D
=P+ L

the muhecript "b"  nedns that the earr«apaudiug oonnuetanoc
pertaxns to & bruen ut tho nstwork» T
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rxch 1npodwet, coaduom« nnd mmoth,‘ ya
of ratio of “wo polynomi&ls whm coalidcrea mmmm:

nwﬂ
- 5 gp _‘, ‘ ‘p % eecessv l1p -Q .0

b | b P - bm 1P & navasen b,p -p b ‘ - S ‘9) ’ﬁ
Therefore, if the Eigen frequonoiei can be ellmhttd frou the _
requirement: Y, =0, then the nummerator polynomial in (9) met -

" ve identical to the characteristic equation (3 ) of the circuit,
as compared to the previous section where they were ‘obtained

' from a system of differential equations. (Por an :mm }
function "Z,", the polynomial of interest is found in the de- -
nominator. I this respect it is unimportant as to whioh terninale
the conductance funotion ( 9) por'uin- since the nummerssor 1-

X

¢ identiocal for all. Yb found in the network. Therefore when: t!u

impedance o:' conductance funoction can be pmnntod in auomic
form as in e uation (9), the characteristic equation oan be
recognized allowing for the use of the snoirocling ‘cﬂtmmot(?),

Setting up the mlytiul conductance funotion 1- mmt
simplified Dby means of s continued fraotion oorruponamg %0 an
arbitrary network branch as compared to setting up the system
of coupled differential cquntion. and ocalculating the deter-
minent of the coefficient matrix,

_ Before the encircling oriterium can be applied in a moly
traphioal manner to characteristic curves, (actually this goal 1'
the only one of practiocal interest) the meaning of the denomina-
tor polynomiil of equation (9) should be given:

If a finite wrrent is measured st the terminals of ru.? sven
though the v 1tage is infinitely small in amplitude (inpus
. terminale of £1g.7 short circuited) then in the relationship:
- © 1 = Yy of the conductance Y,, must have the value o , or the
. aomznltor pelymul ot oqution (9} mst bcm lm m
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" fpom this rolationship of $he

. such menners The dmmimtor

e otroutt differs in that the notwork structure. amcﬂva

msoa qumzn trc amimﬁ: o

mtwork which is altorod in-

polynomial of a conductance .
function Y, (or the numerator -
polynomial cf & impedance - Pig.7
function 2,) ie the characte- Example for a cirouit .
ristic equation for the net- h”i“f poles .
work whick ie short circuited

at its terminals (for Y, or Zb)

In order to make uee of the previously mentioned atability cheok,
the degree of the munerator polynomial must be known; this
knowledge cannot be obtained from the shape of the charsoterie- |
tio curve, However it is known that for all the impedance, con-
ductance and transformation functions, the numerator and de-
nominator polynomial differ at the most by one degree , which

means that they differ from one another by at most one Eigen
frequency or one veotor in the j—plane (see £ig.2 + 4). This /
relationship is independent of the mumber of the reactance
components which the network contains, thus independent of the
magnitude of "m" and "n" in equation (9).

Previously it has been mentioned that the complete rotation
angle of the funotion (3) or (4) is n .Y when the variadle @
passes through the values from - Q0 to + CO and the network is
stable, which means that all the Figen values lie in left side
of the p-plare. However due to the fact that é‘p e
the rotation portion of the denominator polynomial has the
opposite sign as compared to the numerator polynomial and since

the two polynomiasls ocan only differ in their degree by the value -

of one, the complete rotation of a (Yj~0)-vector ocan only haﬂ
the following valuest ﬂ =, p= O, or b=+,

Pig.(8) shows trese throa poaaiblo,oaan:, they aiffer from on:l' E

- snother in that either the dregree of the numerator or denomi-

uator polynomial is larger or both have the pame magnitude,




'tm tsminali aiffers and the corrnpam!i,

~.M: thie point a limim*ion mut be mgdu

‘denominatcy polynomial, ie to. be exoluded in the tollo’wia(

curvea differ in thsir end yemto for- %he

tl\e cml. of ﬂa; 5
which is a conductance funotion having 8 hishsm*dlgrob 1n‘ihn

ccneideratzons. This particular starts with a series aamnou‘t
where-as the <oaductances Y,,which are to be considered here,
are always t> ¢ measured parallel to branch, This limitation
ie not wser:icum since the characteristic Y,-ourves, which serve
for determiring eircuit etadbility, may correspond to any arbi-
travily chossii terminal pair up to this point. Also for net-
works in which the structure is not completely known, & terminal

~ ezn nertainly be found st which a branch, namely an arbitrary

parallel cozponent as for example a pax-allel capacitance, Zexi'lta.

L>n , lfw . | | 3 @

. 4 5 - .

y :.2( jmﬁadl(d"’)uo . 'L O . ! P Fig. %a
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'I'hereforo it can be said that the (! ~o)--nctot ﬂueﬁ :u R u

considered as existing between the orim end a movable pam L

the Yb-cmwe, can only rotate by the angle: B=s+W orp=0

if the network (see fig.8) ie stable, as the veotor point passes

along the cnzracteristic ocurve for all fraquencie: W s -0 to
W s +Co in this order.

Now 1is to be aseumed that the network is unstable; thuo the
numerator of the Y -funetion possesses at leaat one szero in the
right gide of the p-»plane whereas the denominator has only Eigen
values (for the present consideration) in the left side of the
p-plane as depicted by fig.9a + 9b, Since ‘the voctar‘i.n the
right side of the p~plane gives a negative rotation component,
the rotation angle sum of the passive conductance- function given

. above, cannot be maintained. The angle § of fig.9 attains the
vales: f= «T or # = - 2 even for a single increasing Eigen.
frequency these values cannot exist for any branch-conductance
Y, of a stable network (fig.8).
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For che ureiet raquirement for fig.9, namely that the oirouit
iz stablo fcr ¢ae ocondition of short circuit at the termivals
of Yy, the elet.iity criterium can be stated in the following
mapner: The rri:ork is stable, if the rotation angle of the
vector whict. 1y piotured as existing tetwecn the origin and an .
artitrary pcinv on the characteristic curve of an arbitrary bdranch

“eczductance Y, 1= not negative.

At this poic: 1¢ seems that an objeciion can be made; namely:
"hat signifi:ze.ite does the stability criterium have when it

also requircs niv experimental detarmination of a epecific sta-
bility (with sh:rt cirouited termiusls)? It should be reminded
here tha: the parpose of the stabiliity check is not only one of
determining whaiher the particular network in question is stab-
le, (this couli eleo be determined via experiment) rather the
orineipal puryc.e of this method saeme to be the determination
of definite arriagements which allow for stabilizing the network.

Since the cho.c: of the measurement terminals is completely free
fur the above msationed criterium, and no requirements of the
network (fcr exumple concerning the number of the negative
resistances ontained therein have not been aetJ it seemes
theoretically . :sible, that a terminal pair exists at which
first: a ehort .irouit does not cause instability, and second:
the measurerent equipment does not effect this condition(as
could be oe.:3d by the imput impedance of the measurement equip-
meat) since thé measurement at an oscillating network ocannot
yield data w2ic: can be evaluated. later, this general but in-
sufficient °> w.lation of a etability criterium will once again
ve referrec t. it dropped for the present, since the required
linitations 1 :ji10med previously in this respect cannot be guaran-
te2d when &: '.1:iolutely reliable ssability test is to be accom~
plished for .i -raplicated circuit.

3i-0ce experi=..i has shown, that an unstable network remains

ur- ;able fc:: mcst cases even when & network branch is short
rirovited (e wiily very few branches of the network are readily
availabl. ror neasurement) an impedance or conductance function
camnot erc.t.e . clear stability examination when these general
requireri:nt:y a. ' considered,
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Tle reason .'or -2 above statement can be obtained from the
following trein of thought: If the denominator of example in
fig.9 had a.46 i 1 &an Figen value in the right eside of the p-plane’
(unstable u:der 1e conditione of short circuited terminal pair)
then the re:st. - rotation componeat of vhe numerator polynomial
would have i ve: compensated by the corresponding component of

the denomirator ~olynomial, and the rotation angle check of the
Y- furetion wo.usi have givcn the same result as the case for a
stable cirenit ' 71g.8).

Therefora 1 is guite clear chat the pyrevicualy devqloped rota~-
tion-angle--heor. 18 insuffiecisnt for such cases. Certainly the
investigatius viu measurement of such network is also fruitless
since, as hnp already previously teen mentioned, the m.asurement
of an owei. 8ti: ¢ network is of no value. However if the charao-
teristic curve of sguch a circuit had heen consitructed in the
resigtance i tonluctance plane, then the inatability could have
veen predicted by means of analizing the btehaviour of such unusual
characteriptic curves. For examplet 1if the characteristic com-
rletely remeins in the right side of plane and contains only
counter clockwise turning curvatures. Also the correlation of
specific regions in respect to their bhoundary curves ae obtained
fromn conforw..l mapping principles can successfully lead to de-
verminatior ¢f an instability in that one determines whether the
srigin of tlie ¥ plane can be mapped into the region of the
»-plane having ¢> 0, Addivional cwiterions of this nature is
be:ng intentionsily ommitited here since a desirable system in
this respeas ¢ouw’d not te obtained as of yet and the mhjority

of such cri<erliona only lead to an instability etatement; however
an Aifinite concluesion is reachea as to the stability.

¥ Posaibiili.dea for s Clear Stabllity Determination

Prom the ccasidarvatione developed in the preceding section and
ee¢r.ccially 2rom %he determination of the influence of the de-
nocainator poiynsasial, the following two restriclied sssumpiions
wh.ch alilow Toi & clear and meaningful etablility check via measured
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or. conatructed impedanee or admzmtanco curVea&
zaoeea&ry. S :

. The circuit contains only cno negative reoiat&noe.

. The meagured or geometrically conmtructed charsc%urictio
curves, which are used for the stability check, refer to .
those cirocuit terminals, between which the negative reniltan-
ce has been ineerted, (therefore no longer in an arbitrary
network hranch).

In thia manner it is guaranteed that the denominator polynomial
of the test-function Yb can never have rigen values in the

right side of the p-plens, since the network which is short
cirouited at those terminale ie definitely paenivb.
Tr:e only sxisting regative resistauce would have no effect due
to the short circuit, and the stevements mmae for fig.3 for a
stable cirocuit im respect to the rotation angle of the (Y —O)o
vector or the given values pertaining to an ingtable oircuit for
11g.39 are valid. The aeaoc1ated.requ1rement_ that the test
function must pertain to a branch of the network (in contrast

10 a terminal pair which would exist due to a junction separatiorn)
is without doubt fulfilied by the above requirement No.2 and
revained harein. '

One can summarize in the "ollewing nannex

One conadngrg that & vecter cxiats between the, origin to the

joQus of ~he Yb{c'\ fuitesien {either measured values or geome-
trical congiructicon for the oniy network termiuais, which contain
the negstive resistance, when the circuit is then stable, when

thia vector does undergo 8 clockwise rotation; thus the rotation -
angie £ either has the value 0 or +7 . '

{ Por the sake of clarity, these investigations were carried
through only for branchucqnductanqé values, The same test orite-
riune ere slso valid for a branch bisection impedance {impedance
betweern the two resulting termials obtained by opening a net-
work t-wnchi: thus the Ptranch cuntzining *he nsgavive resistance
must *~ ogen=2d and the impedance at. ths iWo resuiting new terminali:

mast 2 measurﬂd Dua to ‘the deeire of otnaining prautical and
5




ari oonvan?an - measurement techniques, this test tunction is
somevaat wisiatable. When branch-impedances Iy = ‘TF" are used
then the sign Jf the given angle value changes .

Berore the nractical signifacance of the limiting assumptions

is to be dis.z:swed, the above mentioned stability oritorium
should be transformed to a suitable form. Since the charactoriltic
curves which are to be evaluated, exist in an unusally large
frequency range, they can continuously lie further away from the
point of mazching (operating frequenoy) by spiraling about this
mateching poinv with varying radius, Therefore the presentation
of curvee i1 thc Smith diagram should be set in preference to

the previuos preasentations in the cartesian coordinate system,
Howawar ¢ porvion the impedance and conductance characteristic
ourves for a oircuit containing a negative resistance, paes
through the negative portion of the plane; the above inferred
advantage {in “he unity oircle) of using the Smith Chart also

has the large disvantage that the negative plane lies outside

of the unity circle in the negative plane for the same transfor-
mation (Ytr Y'?‘Y"“ and extende to infinity,

Thie difficulty can be bypassed by transforming the teat-func-
tion Y, and the iest point (origin). If one considers the faot
that the condiactance at the terminals of the negative resistance
alwaye has @i+ form: Yb =Y - ﬁl— » then the following variation

of tle test veoor is poasiblei n

(Y,e 0) » (T @ = 0) o (¥ = =4 ) Fig 1
l b J Rn ) ( Rn see &€ 1o
ATCLER Sl
\\\
- .7 TN
.,L%-"C»// PR — ’4\\/ (e
’ / ‘\\\ ‘_/’, &:b"”' ,&/ \,/ 5§
/
l / /19 /0q / F;:,‘/ob
: i
e, " /
: [

Fig.10 Trans~rnation of the curve
Zor the sake of a

. uk(‘) into the ourve Y(w)

tab%o stability test.
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‘Phis means thezt a new conductance function Y existe, whioh re-
places the pr2wiously used teet function Yb' or the vector whioh
was drawn tetween the origin and the logue of Y (w ), is replaced
by the new tsst veotor, now considered to lie botwaen the p&ht

ﬁ—» to the locus of Y( w ). (fig.10).
n .

The new teet Function "Y" is that conductance, which remains

at the resyestive terminale, when the nogative fsaiﬁtanoa is
reroved . Tharefore 8 pure passive conductance funotion remains
and the co: raepnading eharacteristic curve can never exlst in the
negative haif p.ane. '

Therefores no% oniy ism the practizal use of the OSmith Chart
assured, but -dditionsi practical esdvantages are obtained:

Thne melf excitation of a circuit is now no longer of a disturbing
nature when exverimental investigations in the form of measure-
ments are wuadertaken, since the circuit can only then become
unstable when the regative resistance ig connected. If the
network coniaine other negative reglstances, then the alove
er.terium can be appiisd, (if even the first of the preset re-

q ulrements igs riolated) if the measured characteristic curve

of ths teast function verifies the condition, that the network

is paseive,

Charactericsiic curveas of passive circuite correspond in one
%eapect to the ma%ching considergtiona of knqwn gecmetric ocur-
vatvves, (iaws s actuai measuremnent is superfluous in many
cages) and‘:orfespond in the other respect to the firm limi-
tations of “heir curvature concerning the rotation sense of a
vestor which is pictured as extending to sucnh characteristic
curves.

Now in cone:deration of the previously mentioned condition

that a stab.e ‘2twork is rermarked by the fact, that the vector,
which 1s considered as being drawn from the point % to the
poirts on the curve Y(® ), may not posses a oloekwfae rotation
senic, anl on the other hand, H, Wolter [4] has proven, that
auch a vegt r uy not posses af@fbckwise rotation sense if the
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letwork is jussive, it ocan readily be concluded, that the point
J may not te encompassed by the test curve if the oirocuit is to
§§ gtable, '

Now the impcéance function can once again be introduced as the
aquivalent test function: 1f the point ! in the conductance
plare is not encompassed by the eharaotegéstic ourve "y( w )",
then the poirt By is also not encompassed by the characteristic
curve Z( & ) in the impedance plane, since in the case of re-
siprocal trasrsformation the correlation of points and regions
remains the eame. Pig.11 shows the curves in the impedance and
admittance planes for some examples of stable and unstable

circuits.
' be
Now the statiliiy criterium can stated in its final form:

}"If & negative resistance -R, is Yo be inserted in-

. to ¢ presive network and stability is to be guaran- ;
:teed, then the characteristic curve for the immit- f‘
- tance at the foreseen terminals for tunnel diode !
iineertian must not encompase the point %— in the :
?conduabance plane or the point Rn in thenimpedance

" plane.’

N\ ,/
: / "atahay”
\_—'/

/ "stabel”

Fig.11 Stabiiity test by impedance and admittans osurves. The right
exanples are stabel, the left ones are instabel.
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G, Discuseim : _the Limitation Assumptions

It ghovid b» reainded that the reliability and oclarity of the
preyiou-ly ot ened alimpls stabdility sriterium of the measured
AT geor s rat L eonanrunted sharacter isvic ourvee was ageom-
el By uaiT e the two £aio aug lmportant limi- .

| S R QR e HRRILA Tiih Ohw Négat tvs roslatance. (Howevar
ren o ra aoansined din Yes s it 1f these sddi
timnal o 50y et iy yaradleiel troa o larger pusitive
conductaies e «ontitlon hardly :eeus o be of techulical
interest:

2. The meazured - éeometrically constructed characteristice
curves wnich are used for the stadbility consideration, muet
apply 1+ those verminela of the network, between which the
neg.reg.is Ty e inserted,

Ir accordz.ce we3r ths prectooeal appiieanion desired; either

ge a8 iwo poid arTp. lfise Ly &g Liae tsee mex e, for obisiping
grecial impedance functionw, these requiremente may become
giffrouan Ao £ 1@mea impowsicie to fulfili, In the following
thegs 1nventigatlory wlxihbe conduoted Tor the smplication be-
heviour of the pag veJmTﬁgince this is a completely diseribebal
&irileation gL

oo ewient L0 wew oo R owepaTaer dng flres previeasly mer-
WY I T LT s T Iy LT e Mt o T LIARY RN 2T LOY £T BT
Sty 5 ‘ et ) IR TSR R e N

Etrwann 2T : o viters for lieyier
ciag Beivn b et Yl BYE T spuivalepy in per-
s S VR A . Lol it A Rs o graro iy L conzerped, in

Yeapagh L0 Lo o S D TRl S Gl od LG KT ge ;‘.i"c‘ﬂ‘*&i.'!‘g!.‘:‘.fle‘i“

I omlosar .l L ooaslaerac oEnd. A cnpraspondiog Swo

W 8 urean Lo vt e B ose st 10 doragve & stable
ALSPRLIGY . Seridanohn 2y B S anssiaion Yy fhgutl ve Al
el re b b Loviae 3o sond uD Glred i roRng0ced esnvengial
M.IPOWENS o fwtuip lenncoosd diseably wenina the D0 presmp)
Broomes Nalirainlin Un erapared €4 the nnise figurs of the T.D..
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Phe uae of n. e thun one T.D. is not necessary in this case.

17 in additich L= "Gain Bandwidth Product® is to te increased
via series connecetion of severxral atégee(having dieplaced tanlk
oircuit freqi:c., then these stages nust definitely be one-way
tuffered froc =.uh adjoining stage ty using a non-~reciprocal

. four pole (urilinz, Gyrator)., If this viere not done, the end re-

sult vould Le 4 ~ultiple parallel connection of tank circuits
and T.J.8 whi h tzhaves in the sanme mannexr as a single tank
circuit. The ron»zecipxocal four poles treaks the circuit down
into several coarcnent networks without reverse inpednnce te-
heviour. Bucl couponent network, which thus only contains one
TeD.- fulfill + tle above mentioned requirements, and cun there-~
fore ce cleaxrly investigated,

Tre desire for znierting several T.D.s into & circuit is then
alwers degiracle, vwhen avaeiiatle power of a single element
(approx. C s forx Qe~”Ds) resulting from the uinute voltage
regulation resson, is insufficient. (IPor an oscillator appli-
cation this is okvious. It should te shortly mentioned here,

~that also for tais application, which refers to an intentially

unstatle network. a stotility is definitely worthwhile, since
an undesiratie sharp shift or change of frequency nust te
avoided.) - '

The direct pnruallsl connection of several T.D.s, which fulfill
the alove liw ..rti¢ns, however is without practical signifi-
cance, since . 1).a having an artitrary low resistance can te
produced. However the possitility of obtaining gtatility becomes
continuously awre critieal as the resistance oﬂ the TD is de-
ecreasad, In this ense a series connection of low-resistance
T.D.s appears 7o ve suitatle; It seens, that a negative re-
sistance is t.en ottained, which has a factor n (n = numter

of T.D.8) lurcer ~oltage regulation range., However this arrange-~
ment of real nepgu<ive resistances is not possitle in principle
with T.D.8, since a relatively complicuted ne*work exists all~-
ready when tunnel dicdes are connectcd "in series.due to the
internal reactivc components of the T.D. and 8 single negative
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. resistance ¢:.;. ¢ver te obtalned in this nannex. Such series

oiscrits are v .icully unstatle (even when the actual network
consigts ef 2 uanle component for exauple: largest possitle
ohnic condne ince) if one expects. that a suitable bias voltage

distritutioa ey:¢te anony the individusl elements. In the case
of individual ..318 voltuge supplies, a series connection is
basicully pnystt!'2 and can te tested in principle by the atove
nentioned cr’ - 1naL. ‘

in conclusio: 3’ zan be noted that the 7.D. practically does

.ot fall under - uny linitations for a single active element when

considered fur the application as a low-noise emall signal am=-
pliiier for uicrowaves (this is the most inportant field of
application 01 the T.D.).

’

An ot jectiorn to the second requireuent (which pertains to che-
cking the chir:cteristic curve at the terninals of the megative
resistqnez} can v2adily be wmade since these terainals are not
accessitle uwince they are located approximately 10 to 100 )
apart from oncinother within the semi~conductor crystal. Vhereas
the reactive .oanonents of the T.D. may te neglected for oircuit
considerations teiow 100 ¢, these internai isective components
such as the varasitic socket and lead reactance nay not te

re; lected foi tiio statility consideration. These pé;agitic ele~
anents as dipicicd in Pig., 12 have teen reduced to extxeneiy spmall
valaes via tectnrotogy; however the measurement of the same can

Le :JCCO,M)li'.:h:d w3ith sufficient accurucy by using the methods [5]
which was e:pec.a’ly developed for this purpose.

Therefore tre churacteristic curve Ye(a}), measured at the lo-~
cation of planned T.D. insertion, can be transformed to the

e~
guitable test curve Y(«w ) by means of a fouxr pole transformation,

gee Pig, 13,
I-. e — l; -

-1
e -0 ‘*‘I“aa
,1«%»1 :31 L},E;H)I : Y aotual
i hno o - ¢

ey i ' ==
| ‘j”: 4 5p ) (L W } y ‘Izl‘“ Cy network
g s ‘ . |
I B - i |
Fig.12 Fig.13
TD equivalens aoswork. : Transformation of thl neasured

admittance of the aotusl network
intoc the suitable test funktion Y.
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Bucn a traneformation has teén accomplished in Pig. 14; the
cixcuit is statle. ‘ : N

Por practicul applicutions this methcd has the following dis-
advantages: .74 hae already been explalned that the purpose of
the stabiliiy test is not only that o’ determining whether the
sharucteristic curve is suitatle, tut rather this test should
also enatle the determination of suitutle arrangements which

‘aid in ottaining a suitatle change in the ocurve. The xeactive

componenta of the equivalent T.D. airouit of Fig. 12 end 13
canasot bhe completuiy‘t!aoly chosen, since this can oniy te
achieved Ly sorting out the %.D.s accordingly to the desired
paranetexs., However the characteristic curve of very few cir-
Juits transformed by the equivalent xeactive oircuit of the T.D..

\
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in zeapect to a stability eonsidlration hy ohsexviﬁr thn !hcu:vc  :

‘Therefore there renains the deaixe to be atle to’ mnka ‘8. gtabi~
1ity consideration directly at the terminals of ‘the actual oir-

" cuit. By meuns of a suitatle change of the teat critexinm this
deaize can te taken into acoount. ‘

t
Until now the stetility check rested upon determination and the
evaluation of the xelationship between the characteristic.curve -
and the test point. If it is desired to -trensfer the cheo?inp
relationship from the xeal test point K oy R ‘to the frequency
dependent input impedance z (w) of the T.D.. then the new cor~
responding tast method consiats of: thorourhly 1nveatiga¢iug the
zglationship tetween the input inmpedance ze of theAci:cuit and
the chayacteristic inmpedance curve of the TD id order to dteruins,
vhetuor mutuul cuwve shapes and intersection poi.ntn oxilt.

In this respect a characteristic inmpedance curve (will called a
tounvary curve in the followinﬁ) existes via inaging the inmpedance
(or conductsnce) curve of the T.D. in Fig. 15. This boundary
cuive is the locus of all inpedances which traneform into the
voint R for the respective frequency paranetexr. The impedance
"eurves z (w) of the circuit to be tested, may not intexsect
%the toundary in thie tackward-~diagran for the sane frequency
‘parameter, tut may posses an artitrary shape ds a function of
Zrequency tulow the toundary curve, liow in respect to the cri- .
terium expressed at the end of the preceding seotion, a circult
is not only ther unstatle when the test curve intersects the
‘test point ,this would te the specifio toundary case tetween
statility and instability) tut noxe generally expresceds the
,éixcuit 48 unstable when the test curve encoapasses: the test
point. A necesusary for an -enconypessment (encixoline) is that
the chuxaeteriatio ‘curve 1nte:noctn the reaal axia. In thn haok~,

P




‘teriotie cuzvﬁ t). he teated may not :Lm:

curve (broken curves in Fij. 16) at a mutual f:aqntaﬁg‘ nontes
This is reéquired. since all points .on each ourve is txthﬁfﬁx%ﬁfwﬂ
into the real axis at the respective frequency via thm ttanl~ '
fozmation four pc;e (see Fig. 13) : N

Coh e S X ’
/'X o . K : ; - 0

F—

O C,,

\/

" Impedance ourve cof a TD

Backvard-dfagramm of a TD.

]

Thus the stability criterion in the backward diagzam ia the
following: - )

The circuit .is etable when:’

1. the character’stic curve to be tested Z, (w) (oz Y, (w ))

- nust renain goapletely telow the boundary curve or

2. the characteristic curve to te tested nay intersect or bound
the bounda:zy curve, but only undexr the condition, that no
common point exists for the same frequency.

Fig. 17 a shows en exanple; at a mutuallfzequency of 1.8 Go
an intersectii.g point exists and the circuit s unstatle. In
Fig. 176 the chazdcteriatic curve has teen changed in such a

 manner, that no. frequency value - comiaon to' the characteristio

cuxve and fanxly of parametric qurves exists outside of the

- boundary curve.
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nirzuic is jasisbeld aircuit is stabel

Pig T
Seerility check in the backwarde-diagraum.

H. Statiiization of Tunnel Diode Circuits.

- advani.ageons inslgnt as to which circuits are stable in pxin~

Since an unscable circuit does not perform the originally design
function (in this case the T.D. appears tn have consideraktly:
highez‘nehstive :esistance) the recosnition of the stability
corng idezapibna nues Le acceptaed as fundanmental designing prin-

caplsg of o retverk wivh neopative reaslstances.

From the fuct., thkat the churacteristic curves for the frequency
¢ = 0 always beginz at the real axis, and nust also end on the
real axie for the frequency W= o and 1n addition, since the

curves ecnsicrred here caun only follow a clochkwise curvature,

L

anG ‘inally sioo the xacwledpe of the reactunce {barrier ca=-
pacitance) Jlrectly ¢ djacen% to the negative resistance, -an

cipal and which ase principally unstdble is aehieveda

(In the toﬁlcwwpg the use of the bachward diagram will ba

-avoiued, sincs it ls auitahle 10: concrate inveatigationa, hutﬂ.;j



at Rib- R tor @ = 0 and ends at the point~z:_ , :
barrier eapaoityc These twc end points of the, (1n all casea) '
closed, characteriatic curves, lead without deviation'tawaxds »“2
an encz;clinb of the poiht Ry indapendent ofzany aﬁdiﬁi&nal
eircuit characteristics, which means. 1ndependent o: hﬁt maay
and how larga the ~haxacztax;stic curve 1oopa may “be. for’ .the Vi;h
finite frequencies. The circiits is unstable for Riz- Rn V

Fig.i8
Impedance ocurve of a oirouit
axample being unstadle in .

principle. . S

As an additiunpl oxampie of q bzszcally unstable cixouit, thc
wide tand mateaing principal via 1obp foxrmation about the mat-
ohing peint o tha impedance curve as used in hiph froquanay
circuits -will Le given: If a netaorku(for instauce @n antonna)
15 to be a+ thed to the xeal iuput impa ancn of tha




"tionahip ‘im‘éwam ihs nege’ ie "
he zcapactawg pa;¢11b1 1mpadanne inaertion, thue %&wuugn

It this etfert 1a to xemain wida band in natuze. then-aaglogous Lw'”
to the ahova aentioned natohing phenomana. the. value }Z} <1 thg

oharactexistic-curve for Z{w ) muet :cmain in the ‘immediate
vicinity of R thzouphnut the laxgeet poasible t:oqucnoy rame..

(The expzession “natching® is: nat exact as used haro. -In’ one S
respect the ideal situation does not- at all exist whan 2% = Rn ‘
and on the strer, & necnaﬁive resistance oan nevexr be matchnd
~to a positive resistance as fax powex transmiesion is conoerned. )

The stebili ty'theoxy forhida the lhoppiag principal as depicted
in Fig. 19, since the farced olockwise curving loops would
encircle the test point, The characteristic ourve in Fig. 20
.doea not contxadict the stahility zequizement. '

These pure qualitative ubsezvatians al:eady allow fox reoopni-
ning the circamstance, “hat the desizable effect, xcaliaed by
the negative resistance, can only te achieved in a nazxow band
region. It can also ve concluded, that a vonplicated cixcuit,
which tends to develop several loops, ham little ohance of
giving a stable networt when comhined with a negative zeeistanoo.

Expexionce, reaulting 1tom practical 1nvest1gations o ®D.
cizouits, has shown, it also those cireuits which should be o

stetle when aualyzed ‘aciording the stability checking ‘procedures o
mantionqd, aotual;y wo:: at fixst not statle whcn the cq::ou— "
ponding oi:euit nas hu&.t 1n pzao%ice. Oharactnxistin cn:va e
suzement o aetczminatima of the frequendy of osoillatiau hnvoAl
‘lhnan,that thtﬁ inatahiq&y existed bonaide:qbly outside the ' ‘
jo;cxnttng ranutnny nnd ttd nnt ueea to be zdiatad to tht rqagqu'”
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vig. 19 Fig.20
[oyedance carve of a circuit Impedance ourve of the
example being vwnstable in stable siroult,

principle.

!
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. . RN
tenaviour of the inserted circuit components nor could it e re-

novea by ohanging these conponents. This situation is also en-
countered ir the ciaplest cixcuits; it 1s due to the reactance
cenaviour of the pazasitic elenents which are at firet unknown
for & particular ciicuit design and therefore could not te con-
sideraed for the stability test.

1L tke universil application of the T.D. considers the unusual
wide bané tehaviouvr of the negative resistance as a general ad=-
vuntege, t.2n the disadvantage, that this wide band behaviour
forces a staebilivy check for those frequency regions in which
the circuit s unkncwn and uninteresting, is quite evident. In
oractice it . nardly probakle that a circuit, vihioh has readily
seen adjusted for the operating frequency }ange ty varying all
incorporatec conponents, suffices the require-
ments in resject to the imﬁedance curve also for ‘the unliuited
zepion outside of this range.

However it is nussible to influence the characteristic curve

i3 a freel;y thoaen aupplemehtury circuit, in such a nannex, that
whe stntility of the network alone ie valild within the 9perating
frequency range, whereas outside the Opexat4ng range the supple~
mentary network (two pole starilizer) especifies the stability
tektaviour - S

'd

R



’,: LN - "
- 1&‘5 .

The funotion e the supplonentary notwo!k:may also bo 1noludcd

| with the T.D. haxaotexiatica (thia network muat te inserted in

the immediate vicinity of the T.D., for example at the T.D. '
socket) and the circuit containe a new necative reaistance,which
only existe within the operating frequency fangc; outside thie

r1ange the neg.1es, is compensated by a'large real conductance.

rg. 21 showe & simple exanple in this respect: a tank circuit

of Pig. 2la is to be deattenuated hy a partial coupled 7.D-.

In pxincipa it is unavoidable, that the equivalent circuit of

of this nartial zoupling (Pig. 21b) introduces é‘stxay inductance
"Ls\' and thereby causes the chiracteristiic curve pertaining

to the terninals where the T.D. is to be inserted, containe an .
additional encirGenent albove the operating frequenscy range (3 ne)
which cannot be influenced bty a change of the tank circuit
io0ading; the circuit is.unstable (at approx. 150 me).

™

-
L Ls T%T
‘if? (il

Fijsedtu £4g.2ib

L—-——-{;———-—

: L , - Fig.21a
riged? 1t Utwebility yroblems at the deattenu= g2 !
~wticn of a tank by.a Td.

dow the task of the two-pole-stabilizer is to renove this
additional encirclhent without disturbing the characteristic cuxve
within the coerating frecuency range. The sinmplest solution is
>ttained ty using a Rc;network {with the snallest possible induc~
tance) whie® is connected directly puxﬁllel to the negativ resis-
tance (Pi-. 22a); the altered charzcte.istic curve of Fig. 22b
results and the circuit is now statle,

In other cuces, in which the undesiratle encirciement ocauxs at

a ccnsiderauly cmaller frequency dewlation from the operating
fx>qnency range, an nayrow tand two-pole-stabilizer 1s used



1 "Piga22
Ir fluescing the impedanse ourve
o ‘ of en criginally unstable oircuit
: x . by a2 “twoepole~stadilizer . :

Fi . 23% aud ). The common feature of all these examples is the
positive att: ating regigtunce. The practical design progce-
dures are fo bec taken kxou the characteristic curve tehaviour.

i1 the Cacuwurd dis p’ram.

‘9 ) . .’
5 : ‘
1 I I‘ T g.fl |

. I __W,_J I T T
o Figez3a : . Hg.Z}b T Fg.23n ’

For ndorowave applications the twO—pble-stuhilizer need not te

nee *ted dir:cutiy ut"thé T.D.,since the iupedance behaviour along
a trarsmis:icn line is of a periodicul occurance (for example
xomm,tox 27 anrTanna).

: The primary ascvor t e of this suppleuentaxy network ia. that

% the ctability -ic -k via characteristic curves need then only be
carjyied for :the o ervating.{requency region where the impedance
velaviour is uonlly known, o ‘




T * The antennu mhieh we have 1nvestigated wae ohoﬂdh to ygaq »
very siiple form in order insure that the preliniaxy inyasflm
rztion is we aimple as possitle thus yielding reliable results.
;ccoxdinb te P*b’ 24 the antenmna is a unipole in which,ant
vertical corcuctor is connégted.to the conducting ground blénb
and the other vortical conductor 1s'cannented to the ooakial ‘
input. The Twunnel Diode is lecated at the highoat geomat:ical
point of the radlator: tetween the tvo conductoxs. The bias
voltage 1is fed to the tunnel diode via the two pexpondiculax
coruuctors$

g S e

-

Fig.24

, ‘ Unipole with TD in the
* ' ; [ * [olding point.

TUORRNTNT NSIEANT T TCfAANVY\ AT
N groundpylane

K] J\uucu wl(t[:\. .

The most 1uport int reyuirement which is to te set on the sys-
tan 48 that the tuunel diode is not in a state of self excita- ’
1ion. Due to the unavoidatle reactive components of an antenna,
the danger . s2lf excitation is especially gxeat;if‘the dunnel ¢
dindes are soctined with antennas. Two positive resistances '
cun bte connected in parallel to the 7.D. (see Fig. 25) thus _
allowing fo: un adjustnent of the resulting negative xeaistancq,;??
This arreng2nent is not only desiratle for the measurement of -
the antenna feeding point impedance, tut is also paxrt of the
-"stahiliuinr arrangenent 'vhich is tried here. The advantago of .
this arrangament ‘for adzuating the negative resistance is that
“.the ope:at ag point xemains within the lineax zegion e: thnr*~~=5

v
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- E \§’ Tunnel diode mount

EE ;Ea 55? in the' folding point.
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(capacitor . ... L E

luring the measu.ements the AC-voltuge at the 7.D. must b
ceasured continuously for control- Therefore a diode (for detec-

~tion of AU) is als¢ connectad in parallel to the 7.D,, which .

allgws for nzasu-ement senéitivity of 3-(10}“3 volts, The indi-
cation ottalsed from this diode arrungement allows for checking
the cixcuit stability; in case cf instability, the resistance
snd capacitunce of the stabtilizing networlk can te vafied until
etokility iz c¢tt.ined. The cond: tion of self excitation 2an
eusily be oh:erved in that corresponding veoltuge smplitude of
C.1 voits ar more is measured at the test dicde Thus alraady

a 8light wsnjencys towards 2 éélf excitation can easily be ol
sexved. 1In sicitlon this arxangehent enakles the sﬁpervisinn

of tha AC vcitagr. which exists av the T.D. due to the 1mpndanoe
reagureaenrt (AL 'o;fape is fed to the antenra for this meauure»}”
ment). '

Thie voltage should notu te nuch larger than 0.02 volte between Q;;lf
the two teruiiels of the P.D.. since the turnel diode impedance
charges fox “tr cuse of larger qoltages due to the nonlineaxity

of tha "T.D.* surrent. S , L

Since the ".D." is to be operated at high frequencies and einQG'”“
the .07 muuut ehould not xadiater tha 1attex ahould he xa%hsx
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!15. 25 shows thc ocastxantton of thc mouat, .
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The T.D. i8 pleced 'in the oento:Vthzeédgd hblo.of the mognf qaayf~'w

fastened via two screws, one loocated in each erd of hole.
Two similar threaded hole fastening arrangements sre located
adjacent to 7.D. mount for the purpoee of‘conneeted R, and
Ry in parallel to the T.D.. These two resistances determine
the attenuating cr loading resistance "R" of the staltilising.
circuit. "C" is a variatle capacitor. "D" is the deteotion”

diode which is used to measure the AGC voltape.

One end of the diode is AC connected to the system via the

"capacitor "ch". The resistance "R " serves as a feed=-in for
" the DC current of the detection diode. "L" e the lead wire

within the antenna conductor through which the DC current
of the detection diode is acessiltle for measurement. The com=
plete construction is schematically shown by Fig. 27.
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vertical antonnl oond&otor

l¥-_1 E:::] test ocurrent
R N v D
7 c ﬁé T SF detection
| + | diode

verticul | antenna conduktor
Fig.27

Cirouit diagramm of the TD-
nount in the folding point.

. Measurenent of Iupedances containin egative resistances

The impedances were measured by using a slotted coaxial line.

In accordance with Pig. 28 the line "L " 1s connected to the
coaxial adapter. The slotted line is thua a part of the complete
T«D, circuit and must be included in the stability consideration.
Since for easy stabilization the numbter of xesonant frequencies
of the circult must be kept as small as possible, it is appro-
plate to terminate the input of the slotted line with a resis-
tance "R = 2 " (characteristic impedance of the line) which ie
frequency independent. Then the entire line behaves as a fre-
quenéy independent tesiatanco'"zo“.at the base of the antenna

and does not contuin any resonances. However the statilization
of the circuit via "R" and "C" connection at the T.D. location

in accordance with Section IIA must te undertaken when the slotted
line is connected to the circuit.

The test signal obtained from the test generator "M" is coupled
out of the line via a loosely coupled capacitive probe "P "
which projects slightly into the slot of the line. The looao
coupling insures that the stabilised inpedance tehaviour is not
disturbed. One leg of the unipole is grounded. The other leg
serves (in addition to its radiation behaviour) as the lead for
the DC bias of the T.D. in that it extends as the inner oon-
ductor of the slotted line and is accessible behind the 60 ohm




-recexver ieg :2q.1lred- antenna 4
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teraination "{ the outer conducter of the slotted line is AC
prounded via a large cupacitor "C " which 1s &onnected in sexries
to the outer conductor at the disaection of the same in the
vicinity of tre line ternination). The test voltabea obtained

at the s ott:l line are very asmall due to the small voltage
regulatien ¢ ~v2 T.D.. The voltage curve along the slotted line
13 measvred. Ji..e the capaclitive probe is very loosely coupled

to the line 1ne zeusured voltages are very small end a aenaltive

sroundplane

e o T T T T T R T T T T L T ST T
, C T . — .
oo T ﬁ.'.'_:_;._.__..ﬁo_s‘.t.asi_una,..._".)) |
S Seuii o e =/
'Y ; PR , ,{
;i‘ 8 qh capazitive probe
' ’L X . \‘:/"M--\,
(I - |
. _U«n'
j voltage
{ D gdividor
. ._u-,, A -
L. § | teet i ‘ | DC
i bLas ‘ !&enerit. receiver indicat}
L~“P¥1y } ; npy ‘ ‘
b saf et , v v i e S W T—  —————————r .

Fig.28 Vent retup for lupedance measurezent.

Actually the neasurement process consiatg in determining the

adinun voltage "Umax" and the ninimum voltuge "Umin" along the
line
' U
VSVR = § = yioX
ain

"5 oan defired ‘n this equation is deternined by using a suit~
able calibraied voltage divider "VD". (In the measuring process
%he voltuge at the receiver output is kept constant by adjusting
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the VD; the attenuation of VD whioh has been adjusted to achieve
thiscondition, is then recorded in each run.) :

If the input impedance "2 = - R + JX" contains a negative real
part "- R" then the oircle diagram in the complex impedance plane
must be extended in such a manner (as shown in Fig.29) that
negative reil parte can also be included. The diagram circles

in the lefti side of the plane are the images of those in the
right side of tne plane. The VSR values could lie on either the
right hand .whisa contains positive resistive components), or

the left hand side (which containe negative resitive components),
since the measured VSWR does not give any indication as whether
the real part of the impedance is negative or positive. The sign
of *he real part can be determined from the size of "Unax" ©f the

‘eirouit in Fig.28,

\ 8 T / Fig.29
+ / Circle diagramm in
. 1 the complex impedance-
N L plane extended for
[ " [ P negative real parts,
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the VD; the attenuation of VD which has been adjusted tu aohiovo
thiscondition, ias then recorded in esch run.)

If the input impedance "2 = - R + JX" contains a negative real
part "~ R" then the oirclo'diagram in the complex impedance plane
must. be extended in such a manner (as shown in Pig,29) that
negative rezl parts oan also be included. The diagram circles

in the left side of the plane are the imagaes of thoass in the
right side of the plane. The VS"R values could lie on either the
right hand .whish contains positive resistive components), or

the left hurd side (which containe negative resitive components),
since the measured VSWR does not give any indication as whether
the real part of the impedance is negative or positive, The eign
of *he real jart can be determined from the size of "Unax" of the
eircuit in Fiz.28.

Fig.29
Circle diagramm in
the complex impedance~
plane extanded for
negative real paris.
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Lor espondin: thqo0ry:

lhe generatcr in Fig. 28, which is looaély coupled to the line .
feeus the latter with a current "i" which is 1ndepend?nt of the
load (Pig. *Ta). The termination "R = Zo" at the 1cftf‘hand.aida
¢f the line can te transformed to the location of the coupling
point (see Fig. 30b) "I" and "Zo" together form a current source.
The leocation of a voltage maximoum along the line is to e sought.
Then the cuirent gource and the load "Z" which is %o be measured
1+ transformel t. the locatlion of a voltape maximum as shown in
Fa¢r 30c  (wiich does not change in the transformation).

‘1‘

- { R g I:I Z Fig.30a
e

bt §
i

d ow 2y “ ) .LL] Z Fig-.30b

] Fig- 300

43530 ¢ Lranspission line having a termination whish includes a
L :sivive or 4 neggtive realpart,

i3 . result of t.is transfornation, "2Z" transforms to a real
legigtince i, o= % ZL when the real part of "Z" s positive, and
t1:nsf2r1. into 2 negative real resistance R = ~5-Z; when the
Tesl part ol "% 4is negative., The current "I" divides itself thus
Eeiwveen tle reeistance "' and the resistance "R*". In this
ounner the noxinun voltare, as descrited by the following equation,
3 obtained tor iy. 30c¢- S )

N | S R ) _ 1)

s g A e 8 - et e



The sign in the denominator is the same as the sign of the real
part of "1,

At firet the antenna is replaced by a nutoched resistance "R = 2
Then the following voltage is measured along the line since S = 1:

Pol =2 1Tl 2, . (12)

If the antenna ie now inserted as a couplex load "2" then the
following is valid if the real part of "7" is positive:

U°~ a Umax = 2 Uo . (13)
If "Z% is a pure reactance then "bmax =2 Uo"' If vwZ¥ contains
8 negative real part, then the following is valid:

vm;- 2 v, (14)

and "Umax" raq nave an .ititrary large value.By measuring Umax
and comparing it with U, the sign of R® can bte found by help of
(13) ox (14).

C. Example of a Ueasurement on a Folded Dipole with T.D.

The following example has been chosen in order to explain the
principles of the measurement technique and thus the example 1is
rather simple. No particularly intexesting application of a T.D.
is therein desorited. An unsymmetrical antenna having coaxial
feed-in allows for sinmplexr measurement as compaxdd to a symmetri-
cal antenna. Therefore one half of a folded dipole (that por tion
above the conducting plane)was used.

The 7.D. is located in the crxest of the antenna and ite asso-
ciated impedance also influences the measured inpedance at the
feeding point. If the tias voltage of the T.D. is changed,
different bonitive and negutive values of the T.D. resistance
can be ottained. Fig. 32 shows the neasured antenna input impe-
dance for various diode resistance values. -
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¥ig.31 1 investigated
‘ anteana desicn

o N—; o . —“?wrv"""w condueting plane

J gessured aduittunce

[ YT
[ 511

l]l‘.

symwe senal unsyametrical

"her=fore c:ses exist in which the input scdurttunce of the antenna
contuing a nepntive real part; in this cuase the antenna nay
operate £s an anplifier. Since the curve of the input edmittance
contins loips in the ad:..itanc: plane, a certain wide band be-
haviour cuar Le obtained if the antenna is matched-

o——
S'ZQ
B ' Fig.32
\‘\\ ] . lleasuured admittance ouxves

‘\\\‘&35_‘;_—’/,,/’ of the tested antenna with

.and without Tuniel Diode.
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Gldasarx of Symbols

ilifren value of a network.
Complex frequency
Recl part of the complex freaquency

Rotuting angle of a wector, dravwn from the origin
to a curve.

admittance at ah tranch of & network. (Especially of
that one, which contuins the negative resistor.)

Adnittince uat tlhose terminals, at which the real nesutive
tesigtor is to e inserted.

~amittance ut those terminals, at which the tunnel diode
iy toc be inserted. ' -

Yultage otanding wave ratic.
~haruakteristic inpedance of a line.
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Glossury of Symbols

ilAren value of & netviork.
Complex frequency
Reel part of the conplex frenuency

Rotating anrle of a vector, drawn from the origi
to a curve.

Admittance ot ah tranch of » network. (Especially of
thot one, which contains the neputive resistor.)

Adrnittunce aut tlose terminuls, at which the reual nesntive
resisgtor is to te inserted.

amittunce ut those terninalo, at which the tunnel diode
i to be inserted.

Vultaye gtunding vinve ratic.
harakteristie inpedance of a line.
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Liet of l1lluptrations

Py 1 Lxample of a simple circuit dontuininc a negative
- resistor. ’

2v4 Leros in the p - plane. ~
25 The plotted curve of the aiding P - Funl:tion.
6 I'xiople of a circuit having only seros.
7 "ximple for & circuit having only poles.

19 lules and seros 0! a netvwiork with the corresponding
realttance charakteristic curves,

'O . fultirle wdmittunce curves for atulility check.
"1 “takility test by nmeuns of inpedance and adnittance
Curven. '

2  LDguivalent tunnel diode circuilt. .
'3 Lyuivalent Th-circuit as transfornation fourpole.
"4  Uxunple for a trunsfor:ed ad.ittance curve.

15 lapedarce curve of a tunnel (ilode-

16 Hackward diagran of a tunnelilode.

7 Stabi}ity check in the tachward diapram,

183&19 12peannce curves cf circuit exunples being instable
“in principle.

20 lnpedance curve of a stable wide tind circuit.
21 btatility protlems involved witia the deutten, of a tank.

22 Influencing the iapedance curve of an originally
instatle eircuit by meuns of n "trno-pole~stabiliger”.

Deads ns of some "tvo-pole=-stikiliuer™,
Insestiguted folded unipole.
Tu.nel diode nmount in the folding point.

oy
&

‘.-
W

1 Cizeult diagram of the tunnel diode oouant.
RE:] [uest get-up for impedance meusurenent.

29 Zirele diagran in the coaplex impedance orx
ndaittance plane.

30 Trunsaisuion line having a ternination which includes
a pc.itive or negative real part.

51 Investiguted antenna deaign.

32 Measured aciittance curves of the tested antenna with
and without tunnel diode.
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