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thus thz wcwitt.ace o the elewzat of 1lile 1s Yds iihos. The

curreat 4l th.t floews ccross thne line or fro one c¢oawustor

=Yds

(g8
—
"

2 fo)
A
"

LY

Diff-reqtiabinz squatiors 1 11d 2 with res,.cet to st

(22 -
Qs> “es
&= - G -
= = Y— = Zyl
Qo [S¥e)
Solving: thewoe equutions by thae rurzs of cifferentlztion:
2 g VT om0
(o7 - iz 2 0
(D¥ = 2y)I =0
D= zy

froa which ve c¢sn write: s
/=y s - /2y

L = Ae # Be (3)
rzys - ¥Zy®

I = Ce # De (4)

To sclve for tie constants 4, B, C, = d T, btie couiastaats

of irtersrotion, we must evaluate the boundary conditions.

At s = o
I=1I
L= L

T
Taen eqguztioas O nd 4 becone:

Ip = C#D (

[ex N &1l
~ ~—

Differentisatiaz equations S wnd 4 zo that we =y use ta

(>

sane

set of boundury coniltiorns, uwe g<t:
- /eys -/oys
- ifzye - B/zye

reys -/Zy®
Crzye - DYiye

o o]
[/ T== I O3 | o]
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Usinr ecuzations 1 .ad 2, we =t thut:

= “V% e -

Cy%é ey s - D/g-e “fey
}/5- E;/;ZZ (7)
bp = c/% - DV% (3)

3olviny ecuzticas &, 6, 7, cad 3 sicultineously, we obtuin

(]
'

n
(@]

at s

H
e}
]

the v:ilues f£or the coastints of iztercration us follons:

- IT Ir /2
RN JE

or Ir,/z
3z = - -——V—-
= 2 21y
C;.I__I‘_,z.fi_rl

2 2 ¥ z
e h_ry’i
D -3 2 Z

€ L.y tnen rewrite equutions 3 and 4@

/-'I" S
E: [-}’fur-IrY,,/z_S’ (9}

I_(Ir7‘~/;)'r_y¥1r-1,r@ (10)

osiancs Lr = Irdr end ty cefinition Zo -V%; equations 9 «nd 10

cz1 be rewritten s follows: s

S -

..,»'uo ] QS or 7 0 -ﬁ-ys
Iz Ir(.b £ o) 4T = 20 o (12)

% 40 LT # -0
By further munipul.tion, ecuutio.s 1l zouw 12 Lay be rour-

r-ngzC ia terms of hyicorboilce functions:

E = Lreph foy s £ Irio siah/Z& s (13)
I= Irerhjfuy s # fg sinh yC} 5 (14)



These ecuztions fully ocefiune the volb:ze wnd current at
any polnt on the seneral tra.suission line,
Cf prim=ry importznce tu the subj ¢t beins cdevelcocred is

the iaput imyedunce of

ivan o = Ls - LT cosh Irsc sinh ¥1
then 48 = 3= = T7 cosn T

]
[
(o]

A purticul.r ¢ .se that is of sreut intersst is when the
lozd imiedunce Zr is e.ual to the caurzcteristic impedince of

the transnission line 4o. Then,
= ;o 40 cosh ¥l 4 o sinh Y1 =

- .
i3 . . 50

L0 cosh JL # 20 sian yL °
Tron the rructicul standgoiat, the prop:r terwianstion of

tne truns.oission line is .iost eusily et whacn the ehzracteris-
tic i.eduace 15 o« recl constunt, Thuils will @ zke tae truns-
itted cneriy o maxiwmuwsz,

Coasider o scource vith on 1oterall lapecaace 41 feeding
& lo.d dlipedunce ar. assdus Y2z voluuge of the source uaity.
The impedazces will be of the form

ol
ir

= ki # j&i
T kr 4 jXr

Jue pougr Celivear:<2 to the lowzu 1:jpedance wuy be foriuluted

on tae bisis of tie simple circuit siown in Pliare 2:




The rm=ximun v..lue of this ei;yrezsion is to ve vetermined.
Differentiating this expression with respect to Xr ind Hr:

%: - /?RZ (Xl- -fXR)
JXR L—(Rv. *ﬁﬁ) + (Xc'f XR)ZJ

I - (/7;+/7R)+(XL+XR) 2/‘?&(3«#/?&)
dRr [(ﬁ’o+ﬁn)+(X¢+X@)J

se purtizl uiffereaticstions to zero, we obtuln:

th
_:9_5-

Settiag

|
(@]

3% it {1 = -Za
IIT = o i [t = ig

\&
h
Lo

This zives us the expressica for the conuitions (ecessiury

(/

for saximunm power troasler., Thus, 1f thie tio impedunces ure
pure resistunces, tns conuitiova for .axiiu porer troasfer is
3imply thzt thiey shall be ecu:l. .he. they have rezctuince
components however, the latter should bz equzl in mugnitude
2ne of oprosite sizn. This is ecuivalent to 4 resci.ance con-
wition.

In tae trarsmission lice, the chaurascteristic ipedunce
40 is the one i.pedince wiz tne fer.instion of the other.
Siance in communicution cystens, ta. powir .vzil:ble is relu-
tively low, it 1s esse . tisl ta.t taz system be cesizaec to de-
liver the lurzest part poscible of the input power.

Liter on we s :2li see ¢ .uv the conuition for uaxiaun
povwsr tiansfer to be realizeu sisulitay: =ously «ith no reflec-
tion uecars when the charwceteristic lwmpeuance Zo reduces to

-

coxs7an7.



reflection
Referrinz tuo equationzs 11l &nd 12 for tae volt-zes und

currents on ta:z triacoizei liue,
) ys : : -[2y®
Z = Lr£§riuo) /«— _T - 20 ¢ e (11)
<ul wl «0

~ _ =S
Ir(zr 4 S0) /:ys 2r = 20 1=y

200 © T Zr £ Lo e (12)

we observe that ia the zerersl cese ia wnich tze lozd iape-

=<

‘

unce 4r is .ot ecual to the charactcricstic imredunce of the

£

line Lo, ezch eguation consists of tio teris, v-e of which
veries expoaenticelly with plus s, thie other with miaus s.
Tukinz s Lo be positive as meusured froix the receiviaz end,
the wave that trzvels froa the sercing eau to tae receiviag
e.a ¢s51 be iucatified as the coujonvat veryio sz with e’ls, re-
prescents & wave of voltuge or current pro.ressinr fron the re-
cziving eund towzre the se..cing eac. This wave is called the
reflect-a wave, . rcflected vove will zalwzys be rresent ua-
lecss the load iaopeczice 1s eguul So the claracteristic impe-

es ce-

s

>

(l'

czace, ef.lzcted wuves wile be pfress.t 1o ver,iaz de
pendlng on the usoast of ils wteh przsent, Wit the reflectec
wave boing o maxinium u.gcr btoe WO exbtro.es couaditions of o-
pen or suort circuitec teriinations.

T the reflectoc and 1locice=at

(@]

The rutio of wrrlizuzes
voltuze waves =zt the rocciving e.a of the liue is cullec the
"reflection coeflficient,.”

From equation 1l, with s = 0, we get tiat tie reflec-
Feflectec volozze =zt lozd

tion ccefficient K =
B welaeut volioge at lozd

|
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vy = T = 20
L - -

Then egquetions 11 wrd 12 nmoy bz rewritten usinz the re-

flection coef®iciect w3 focllows:

E = }:r's.zr 4 Zo) [‘g ;{‘3-"5] : -
I = II‘SZI‘ £ aJ[tS iie—“] (14)

3

a~zin we see tant 1f Zr = Lo, Yhe expressioac for the volt-
wre anG carrecat et way, point oo the line sinilify to

spe IS (12)

Ipe ¥s (16)

‘
n
"

s
t

I
Since we zre concerrec primuriiy w th nish fregueocy
lizges, w:d Sircs tme fru.s issic.. lies thot we vure concerned
with will be rel.tively short, tie attenuation terrs ..ay be
neziected., In zznerul F=v<ﬁf£?where &« 1s the zitenuution
constant =nd A? is t'ie fhase c¢ounsbtat. Thus, for our lines
of nezlizible attenuution &« = 0, equutious 13 zni 14 miy be

rewritten.

5= xlar £ o) [ % °st'] (17)

24T 8 jB
-jBs
7r £ Z 0)[' ibs - Ke (18)

st

HH
"

3

ne term varyinz with e iraviously bezen ic.onvified zs

-

& wave progressing fror the source towurd tae lozc, =ni the

term involving e = as the reflected wuve Zoving fro.: the

lozd bucek to tac source, The muasaltuse ol the reflected vave
is depszaucnt oun tiae veaelue K, ths refliectioa coefficient.

The zctuzl velbtuge at uny poiant oa the trensmission line



is the sum of tne inciuent and 1r2fl-c¢tea wove volture s at
tnat point. Tie resultant totsl voltaze wave sppewrs to
stzad st11l on tac line oscillabti oz ia mzzrnituc: with re-
stecu 5o tilme but havinz fixed positions of maximz znd mini-
ma,  This 1s wue o the phuase o' the reflccted ziiu iacident
wuves cancelluz or wdding tu the amplituce of euzch other,
Tor an exurple which will help to c¢lurily wna2t hus been
suid rreviouasly, let us toxe = typical cuse o u truasnission
line 29¢° electriczl leasth end teruinztes in a resistance

Foy

of ong-hall the chur.cter

it
o

stic r

[
(C

sisbtuzce 0f the lire,

 J

fr—> i1z,- &

p-
[ 4

a bitter understondinz of the cuanuitions preseat muy be

had 12 we trunsfor . eQictiors 17 zac lu to unother form.
- JBs y4~J=s jos =jZs

kr| ... e’ T 4é e -e .

- ol - iNe) = 19
LA O 53 (19)

~

Jbs -JZs jts -JBs
- Ir|,.€ £ e € -2
==lz0 : 4 jzZr
I Zoléu = J 2]

-~

=
(1]
I

(20)

recognizins that

cosTs = edB3 L gmJES

=nd wlabs = = B is .eficed as 22

equeticns 19 and 20 dezsnerwte into
Bz Lr

(
I = Ir(eosifs £ 3£ 51y (s



solvin: th-se egquations with our typical exuample in

wind and plotting

the axplituces of tle resultant current
znd voltuze w.oves vers.s ulstunce, we arrive at the followin:

srarh:

Z, MAX

7

Emnx En

Emin

e 290° -

Tigure 3

ot
[y
[t

Tie plottins of result-..t volioze und currcat for

this simrlsz cuse clzurly snovws the pazriss wna aining prescnot.

@

These wWuvVes Lre knowl ws sUuiiulicz waves &ain the ratio of thne
coximun voltize or curre v (u.ti-nocde) to the wininus volt-
are or currert (nocdc) is culleu tae st- ling wave ruatio,

n WiuX = =57
Thhas: L SHR
muin

—-—IrnjX = Sli’R
I;.’Lln

Ztznding weve ratio messureicits cua be recdily mzde on

1 wire truns.ission lines thoun for cosxiul liaes, u

(@]
hy
@

slotted lire must bte used. Tae greuter the w.nituie o7 the
SWhk, the greztei the roflection fuctor zid ..lswmutch present,

The st..dinzg wuve reatio mey be defines in terns of the
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reflection coefficiznt us

iy be resrronzes as

< i/

'—J

(1]
§
!
-1
r o

i 3
oy
[N
(6]

/i) = -1- /;mex/ -./imini
> P Fl [oiex/ £ [omin/

i rare 4 is

s
e
+—
o]
ct

of equ.tion 23 th=t vermits obtoinine
ne m.zni ; £ 1 froa & novwlevse ol the stouuding wa 5=
the nituce of 1 fro lecse o th taauding waeve r
tio.
I'recticslly syieaxi oz, 1% 1s o1m0s3t% 1avossible to obtuin
a stundin:

-

wave ratio of uanity. Yolever, this iueal cun be
clos=1ly zirro.im:ted was by coreful eozincerins aesizn wad use
of imredunce zutehirs, tie power lost 4ie o reflection cun

be kert very scoall. o Giscuassion of wmsteaizz thc traasiis-

[
(e}

[o]]
[N
[
(=]
o
(i
ct
'}
§

1

sicn line to the lowd Or redi:tor will be preserte
tion some 0° the sethous aac circults wacreby the staunding

wave rutio may be Kept a mininum.
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(V]
T
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satenna Topel=ace [ oteliin

- -

Lvery =zaoteanz system, no mstter what its physical fora,
will heve 2 defizitz v lue of impedonce at the zoint where
the line is to be coanectea. The probizx is to traasform
this wutenns inpus-imped-nce o the progcer volue for motching
the line, "he con.itions existin- =%t thz lozxd determine the
stznuiaz w.ve ratio ova the line.

There ars vorious v, res of uotealns nztuorss that are

H

wvuil :ble to rnicteh the entecn: iayut im, edunce t the truas-

D

C

ew methois of im-

'.4
C
-

wicsion line., Ia tac fol
redance mutchinsg will be zsiviua, thou:h for 2 wmore thorouzh wn
rigorous treut.ent of thnis phuse, the reuder is referred to
the roferavees -3 siven in tne Lppencix.
The (uarter-'Zve Transforaer

Tie o expression for tne inrutbt impedunce of o lussiess line
ay be obtziliel for ecusbicns Ll and Zz., Dividing equ.tion
ob tzin
oy = Zr(cos%ﬁZs # j%% sinéfls)

IT(CODjz—S # J sin Zfa)
ir cos2Zs Do 3in= 27
o cos—qﬁs 4 j Zr vlqjj—s
- - 2r £ 3 Fo tzn %fzs (2

25)
Lo # J4r tzn %jrs

{
H
o
<«
l
('\
[¢d)

.
110

This .coy be farther rezrraized cs
¢ jRo

2

ot

Y

=’ L\
'1

4S8 = 10

o
A
Aoy

"
e
vlc

tan

&
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If the line is niade a quarter-wsasve lonz, that is, 1if
s = ‘A/4 then equstion 24 dezenerates to
48 = %%3

This states thszt the input iaredance of the lisne 1s e-
quzl to the square of the cnzract-ristic resistance of the
line civided by the load imredance. Thus we can thing of the
quarter-wave line as & transforaer to match = load of Zr to
a source of Zs ohms. This match czn be obtained if the char-

acteristic impedance Fo' o” the matching quarter-wave sec-

tion of line is properly chosen so that

VZsZr

To couple a transmission line to an antenna of impedance

Ro' = (29)

Zr, equation 24 ..ay be used. The antenna impedance is then
transforaed to a value equal to the charzctcristic impedance
of the transuission line. This vilue of Ro', the characteris-
tic impedance of the matching section, is just the vzlue re-
quirea to achieve criticual coupling and maximum power trans-
fer and consequently, tne sta:.dinz wave rztio will be essen-
tially unity.

The ™alf "sve Line as a Mransformer

Trom equation 23, when a length of line having s = A/2

is used .
-5 = mo ZT £ jPo tan -

Ro # jur tan = ar

A half-wave 1 nzth of line may then be considered as a

one to one trensformer. This has a very useful application
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if the antenna impedznce eguals the characteristic impedznce
of the trans.:ission line and¢ the line itself uctches the im-
redance of the transmitter. XHowever, these conditions are
the exception rather then the ususl case.

The exponential line for impedance traasforamation (com-
monly called the "Delta"™ match); the "T"™ rmatchingz section,
the "Gamma" match, sre all methods which may be used to match
the enteana ianput impecance to the trunsmission line. These
methods are infrequently used and are ..ore cifficult to con-
struct and adjust then the quarter-wave matching transformer.

There are many other variations of ¢ircuitry that en-
able an effective match between tns antenna sand transmission
line, but the subject itself would be a volumnetric topic and
be much too lengthy for the purposes of tlais parer. FRefer-
ence may be muzde to several periodicals as listec in the Ap-
rendix for further iaforimation.

Coupling tne Transmitter to the Line

A4S has been meutioned previously, the trans:.itter, or
radio freque cy anplifier, requires a definite value of loead
resistunce 1f the desired power outrut is to be obtained.
3ince tne iaput imrtedance Zs will selcoa be the sua. e as the
load impedance requirzd by the truzsmitting tube or tutes,
the impedance must be trunsformed.

The rrinciple of iuspedance tra.sforustion is illustrated

in the followinz figure:
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o— —a four Terminal o
T RRAVS/ORM 1 & ; wvel wevk
Z —_ econTasanv oal
s / } Z y

Prs ReAaTHNCES

9
q

Tizure 4

Tigure 4 snows a nitworw connectinz a load ismpedance Zr
which mey be thouzght of as the input impeduace of the trans-
mission line and redistor, to the two input teriiazsls 1-2,
If this connecting network is made of »ure reactances, zny
rower delivered to the input terminals 1-2 must in turn be
transferred to the load 4Zr. Wonever, th- resistive and re-
active components of the ingut or cdriving point impedance at
1-2 will, in general, be different frox t.e imyedance Zr con-
nected to the output terminals 3-4. Teice, the reactance
networg may te gonsidereu to be and "impedance-trznsforminz®
networs chanzinz the impedsnce Zr into an impedance Is.

I{ tne networ« contains resistive components, then the
output pouwer woulid be less than ths ianput power and this po-
wer loss would be undesirubls. Therefore, the nestworks are
nade of recactances with the lowest possibie resistarnce.

Two r:cactance of oprosite sign may bs arrsnzed &s in
™izure S to transform at one frequeacy a load resistance Fr

to provide a desired load Kin for the g.nerator, where Rr<<:31n.
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. 7% A,

Tizure S

Crerz2tion of this circuit zay be readily undsrstood if
it is roted thuat the circuit to the ri-ht of the teraiasls
a,b constitutes a vrarullel circuit that &t anti-resonance ap-
rears a3 a resistence load on the zencratos. Tae value of
this resistance load 1s a function of the L to C ratio chose:n
for the reactance mutchinz section. Thus one can sslect the
values resulting in un zntiresonant losd kia for metchiac to
RBg, Simultaneous concditions to be realized are thet the cir-

cuit to the rizht of a,b be in anti-resonance and hsve an an-

ti-resonant impedance equzl to Rin.
- \|lL _ rr3 .
"E N T IE (2¢)

- - _L o
Rantiresonance = Rin = Chr (27)

from which L = Rin®RrC

quation 26 ana solv-

(¢Y

Inserting this expression for L in

ing for C, we ottain

1 Rin
wtin \ir~ -~ ! (

&

C =

Likewise, from equation 27,

Je

C =

e
[N
o]
!
=
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Insertisz ii-to equation 256, leads to

Bin _ 4 (29)

L= nr

g |

Ve note that L will be imzginsry if Ri:>'ﬂin. Theretore,

if P%:>'Hin, the matchiag circuits comronents of C and L

should be interchunzed. ‘e will then obtain throuzh a simi-
lar process
- QO
¢ = rv Tin (30)
- Ein \/Er .
L=~ ¥Vimm -1t (31)

Tor matched conditions %in will be equal to Eg and thus
maximum rower will be transferred.

The zbove circuitry is often used for mstchinz a radio
frequeacy aumplifier to the transuission line. These are quite
useul and their siaplicity 1s such thut they sre easily con-
structed and adjusted.

eans of

»—‘

Jeneraily, inductive couplinz, or courlinz by
the mugnetic fielc, 1s used to transfer the radio frequency
rower to the =z-tenna courler, traisuaiission line and thus to
the raediztor. 4 modification of inductives courlinz, called
link couprling particulsrly edapts itself to good couns tructionsl
rrocecure a2nd has found a wide acceptance in the cdesign of an-
tenna couplinz impedance mwtchinz., Ling coupling gives the ef-
fect of incuctive couplinz between two coils that huve no mu-
tual inductance. The link coils usuully hsve a saall nunboer
of turns compered with the tang coil of the final raiio fre-

quency amplificr. The nuubsr of tur.s is .ot zreatly important
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because the coefficient of coupliag is relatively 1ndependent
of the number of turns on either coil. It is sore important
thzt beth link coils should have atout the same number of
tur~s. Usuully the length of the coil is susll comp=red with
the wavelength and therefors, the lensth is ot critical if

this is so. Joweve

re

i® the construction of the link neces-
sitates that the lensth becozes an a:preciable fraction of a
wavelength, transmission line methods must te used so that
the input impedance to ths radio frecuency amplitier is of
the rroper v=zlue for meximum power traasfer.

The following diagram, showing a racio frequeancy ampli-
Tier coupled by mesns of line coupliny to an impedznce nm=tch-

ing networ< clarifies whzt is meant by link coupling.

— [

— IMPEDANCE
: i Amem»y auﬁpu?
RE E 3 pTehn

- } }_

éf Tizure 6

The pi impelance nmatchinz networx, illustrated in Figure
7 is much uore general in its application than the network
zivenr above. The pi network hus the advuntaze of besinz able

to match & wider ranze of impedances,

- ) e 1T

..‘”-k

Figure 7



-18=

“or the desl gn consideration, let us tage the general
"T" section networ< of rure resctsnces. Tivure 3 shovs @&
gzunerator of internsal resistance Ri connected to a load Ry

throusch the T section network.

oA -AMA o e
Xa XZ

b, .9
Tizure 8
“or thz zen-rator to be ma2tches to the load, it is ne-
cessary that the i.p=dance Ziin at the termimals a,b be equal
to Fy.  with tae lowd F, connected, the lirecance Zyyp nmust
be
Z'iin T Rl = JXi 7( 52 J‘:S

- -Y1X2 -Y1Y3 - X2Y3 £ §VInD £ §7ar2
Ex # J(ig # X3)

™is can be simplified to

F1Rg # JESTL £ SRy = -0z - N1 - NzTs 4 0108 A

Lguating the real terms,

RiRg = -X1Xp - 41Xz - £2X3 (53)
®{ anz Rg are rezl znd positive, one or more of
the terits on th- rizht side o this ecuztion nust be positive.
This c¢an be accoxmplichca oly by navi — o012 o7 the resctances
to be oprosite in sizn to the oth.r. Thus c¢ze resactive arm

of the T section sust te oprosite in sizn to the other two.
br >
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That is, the T section ust be comrosad 07 one capacity =nd
two incductances or two capccities 2n? one inductance,
By equatins the reactive ter s of Zquation 32:
Rl (Xs # 3) = Ro(X1 # X3) (24)
(25)

(A}
L’:J
—
o
V]
~
(r)i‘v

0 £ =
2
iguation 33 12y be rewritten as

150 X1 4 %X3) (£s # ¥3) - X3 (36)

Zguutions 3T snd 36 mzy be cowbtined in ons of two ways,

L) -
be -

Ny -
2

-

v, = 7 |B2 (12 - myBg) - Ky (37)

Te second combination yields:

n
5 £ X, = f‘/?lg' (X532 - ByRy)

X = R 2 . =
1 ZIV% (X2 = PjRg) - X3 (33)
Equctions 37 end 38 supply the velues for ¥y and Xy arms

of the 7T section in t:zrus of the thire urm XS' Two vzlues

of each ars possibl. decrendinz on the choice o° the plus sizns

or the minus sizns of the radicsls. J3ince therz zare three
ungnowns and only two eguutions, it i3 necessury %o zssume o
v.lue for one of the reactsnce ar.s; after which the other
two ere readily detcrnined.

Py usinz the T to 77 tizasformations, the T sections
develoned by tiae equations may be readily tra:_sferred to 77
sections. Tae transformation formulss are readily computed

from the equivalent input inpedance with the teriiinals open



circuited or snot circuilted.

T he traasfor-:-tion equations for the T to network sec-

[

tion ere siven as follows:

7 = 2150 # 2z £ Joln
a 4o

Z, = 2172 # 21%z f Zolg

“3

122 # 7173 # Z2Zz
<1

<C

A further advantage of section networks, in addition
to its impe dance mztechinzy capabilities, is its sction as =
low pass filter gaad the filterin: action reduces unw=nted
haraonics materially. This type of network is = convenieat

mzthod of nmatcenins =n exd fed Jertz (or ra-dow lencsth) antenna,

Lutomstic Imredance-lutchinz

automatic impedunce mstcehinz devices are cesirable in
catenlas the inpat impedance of a <iven antenna to the char-
acteristic impedunce of a given feeder line, such that the
power to the gaten.a is =t 2ll times, witnin & ziven freguen-
¢y raage, the optimun availeble in the feed'r.

The r:almer of this pruper presents a solution to the
secific problea of wuto.atically matcehing the inpgut impedance
of a "doublet " azntenna to a 75 ohm transmission line at fre-
G :encies frou 6.8 to 7.5 mezacycles. The linzits of acceptadble
impe dunce matcuing must be such that the standing wzve ratio
will 1ot exceed 1-1.22 at eny frsqguezncey within this runze,

The geoners. bloc< diagrsm o the circuit is as follows:



owTPaT * - ; -
‘;? :’” Sensow y IMP3OMve E
ARTeH /NC
JTRANSHITTIR wail NETWORK

> o o — ‘.__j

Tizure 9

Sensins Tnit

Tor ortimus power trausfer, the power factor should be

essentially unity. Tihis factor lenas itself aclairably for

"seansing " device for, with unity power factor, the

use as a

inzsut d.a edance of the antennz is purely resistive with the

reactive components talznced out. X2y hovias a device that will

1o

neasure the relestive ¢ifferences of tlic phase uartle betwreen

voltasze 2ad currzut, tials wiil cauable the desi:zner to use the
phase angle aifferences as the "error-seasing” network.

The Wostcr- Ceely discriminutor circuit, developec for
frequency mosulztion detection, with a few xrinor varistions
adsapts itself ga.irably for use us a rhuse angle detector.

™e basic circuit of the ucetector is shown in Tigure 10.

RF wPHT i RF o:/r/x/f
_I‘ Ly As -1—
I =] 1
= 73
4;JQ£ :L:Z RFC 5[
£, :
+ V7 Ra
ANV— AN
Ilc | ¢ o
L 1 OwTPHT of Delec7oR

Tir-ure 10
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The siznificant <istiuaction is thut ths circuit of the
rhase-angle <etector 1i: untued, so that it is phsese-conscious,
rather than frequency-conscious 2s 1s the more familizr cir-
cuit of the Toster-3ecley fre-que cy éiscriminator.

(uzlitatively, the oreration o the phase-angle detector
can best be described Ly refurence to the vector ciagrams of

Tizure 11 and 12,

£y
£ P
Z; ‘ & oo
£ > -~ A .
v 2 Y
z
Y
£
£s
Tnity P.™. Leading F.7,. Lepping P.7.
(4) (B) (C)
migure 11

The voltage across capecitor Cp, is always in rhase with
the voltage, Vi, zcross the traunsmission line. J3imilarly,
the voltaze developed zcross the incuctor Lo is always dif-
fereant in phase fro:: the line current, IL’ by 90 degzrees.
Usinz the baseof the vector dizgram as the voltage a-
cross Cg (Eca’ and with the coil center tapped, then the volt-
aze Eg, ucross Lg, leads the line currsnt by 90 degrees.
The voltage Iy, uacross Lb lags the line current by 90 degrees.
Thus, wita the coil center-tapped, Iy equuls By and with re-
spect to the wltaze and current in the trans.ission line,

the vector ciagrams of Tigure 1l correctly zescribe the



conditions present.

Keferrinz to the secondary side o the phase-angle detec-
tor of Pigure 12, the cperation may be described as follows:

The voltage across either D; or Dy, is the sum of the
voltage across Cs esnd the voltage across the center-tapped
coil, L or L. .ith a change in phase anzgle between the
voltaze acrogé Cso (which voltage is always in phase with the
traensmission line voltage VL an¢ the voltaze across the coil),
causes the vector sum of these voltazges to change aand the

rectified voltages ceveloped across the diode lozd resistors,

Rl and Rz will change.

£Ed,

b nEs L £
£y

£s £
b

Leadine Fo 7, Lageing Fe7Te Urity .7

(A) (E) (C)

Tigure 12
Leferrinz to Tizure 12, it is s=en that when the line cur-
rent leads the line voltzgz , the voltage Edl will be less thsn
E

d2
the line current lags the lire voltage, Tizure 12B, Eg4p Will

end the output voltage will be positive. Likewise, when

be greater than Ed2 and the output voltuze will be nezative,.

at unity power facto., the rectified voltages are equal and



the output voltace is e than zero,

Thus, the two rrime recuisites, zero output =t unity
power-factor (resistive load), ana the si:.. of the error volt-
age belng cepeudent oa the siza of the rhase =ngle, are m=t so0
that this device i1s suitable to control a servo-system to cor-
rect the phase angle to zero.

7ith the sensinz unit now avewil tle, the choice of the
couplic: networx must be decices. Wity the cesizn criterion
ina zim , the swull runzge of frecuenciszs envolved makes it

logical thut the foliowiasz network would be well suitel.

Zowr

WPKT fu g
Xarm [ C

Tizure 13

s3ain, frou practic:sl exp.oricnce, the reactunce of the
double -ntenna thazat is "cut" for the mid-frecuercy of this
rsnge of frequencies, will be fairly snll such thzt the com-
rorent of L znd C will not ke too c¢riticzl. It was deciced
tnat the coupling networi ia use ty the =2uthor would be a-
dapted for autoumztic countrol of the i:ij ewunce matehiag of the
trensmission line to the aatenna. Tals wus built up several
years a0 frou surplus cosponents then avsilable.

AN ordin-ry D.C. wmuaplifier =npliTies tihe output from the

"Seasinaz™ circuit =nd coutrols the revirsivle wotor wnich in
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turn, controls the varizatle conienser such that the optimum

output is fed i:to th= racviztinz systen at zll times.



The following schematic was subsequently built up for obtain-

ing the experimental results.,
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Farts List for Tuner:
Cl 200 mmf
Css Czy Cg 100 maf
Cqs .01 mfd
» Cgr Upy C3 013 mfd
Cio 0f mfc, 600 volts
11 40 mfd, 200 volts
Dl’ DZ, 1./34 PRectifier
R, 305, 3 watt

Ry, By 0.l nesohm, o owatt

34 07 rotentibneter
Rgs Bg 471, L watt
R7 0.1 megohm potentiometer

Ry 20%, ¥ watt

Ry £0 ohms, } watt

1 turn coil, center tapped
Ryl’ Ryz S.Fe.s.t. relzy, £00C ohm
t=C, R"C, 2.¢ mho, ©.T7, choce

SR Selenium rectifier



a3 czn be seen from the schematic, the crucial point is
the develop.izat of this diczram is the “sensinz” unit. .fter
the prover deterizination of.2 suitasble circuit for the mea-
surcinent of errsor, straichtforwszrd Circuitry results.,

Tor details on the operation of the cirect current cumpli-
fierz, virious refercences ere ziven ia the aprendix thzat ive

a concise explanation of this simple circuilt.

Lrxperimental Tesults:

Tne following date was obtzined from the vrototyre mocel

as set up in the laboratory.

Trequency in iics. Standinz Jave Fatio

6.5 1.5
6.6 1.45
6.7 1.4
6.3 1.3
6.9 1.2
7.0 1.1
7.1 1.1
7.2 1.2
7.3 1.2
7.4 1.25
7.0 1.3

This iaformztion can be conveniecutly =rsphed (refer to

™ zure 1l£) ané snows thaet our finzl results ere cuite sccept-

2ble. 7'it4vin

wave ratio is well

runze of frecuewncies cd:2egirel, the stznding

tolerable limits.
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Conclusion:

Jo parviculur cifficulty was exrerienced in ottaining the
comronents for tane antennea turner. Surylus ilit.ry ports were
5vailable =nd sd:-pted for use. Tne most critic2l component was
founa to te the ~lute relasys that control the reversezble motor.
T™hese had to be set so thzat the norual tuve rnoise would allow
the to reuzin o_en until the sensiag error was awplified.
Automatic impedance-m2tcniny cevices would also be de-
sireceble for mztchinz the lo2d imredances of Cidectric hezt-
ing equip ent to the output impedunce of the heatin:z zonera-
tor or to the c¢hiarscteristic inzedunce of =associzted trans-
mission liies. forg has alrezdy been don. alonz this line by
n ILzbor-bSories 21d an crticle published by

this orzanization is listed in the ..preadix.
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