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Auant, 1943

PREFACE

This booklet was prepared as an aid to the many members
of our country’s Armed Forces who ate being trained, or who
are engaged in the installation, operation and maintenance of
Ulira High Frequency Radio-Electronie Equipment. It is
hoped that this booklet will also lienefit others who are con-
cernied with the design and production of this type of equip-
ment “behind the lines,”

Every effort has heen made to explain the theories in-
volved in the simplest manner without the use of mathe-
matics. The contents have been limited to subjects of current
importance and on which the authors Lelieve there is imme-
diate need for practical interpretations.

5 J. R. M.
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Copyright 1943, RCA SERVICE CO., Ine.
Camden, New Jersey, U. 5. A.
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A rronsssiaaion Tine is a means of transferring v

cnerey leom a source 1o a load in an cficient

= T FL o

..1r slandicity, most of the illusirations in this
Sobel s Ihr.nn:‘.l -wire tranamnission lincs, Lt
e information also applics 1o coaxial lines. The
sizniiarity helween a acetion of parallel-wirve line
anil o coaxial seetion may be scen by rotating a
narallel-wire section aboul ene wirc so the outer

: [-'-1

n Line
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D

arm foarms-a o¥linder as shown,
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The r<f voltmeter, referred 1o in the text, usually
contists of an rf reetifier and meter which indi-
eates the rectified peak amplitude of the rf volt-
age al any point along the line.

Standing VWeves on Lines
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In this illustration, an o[ source is feeding
ehwrsy into o fransmission line. If the liac ir in:
faiitely lomg, the signal never reaches the end, anid
thetviore canmot be reflecied, so there are no
“standing wayes," The ol vollage measured along
the line gradually deercascs dus o losses in the

line,
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GF LINE TeE LINE IMPLBAMCE
Tr

the line js rerminared in a resistive Joad that
migicics the line impedance (also termed “surme”™
or “cliaracierinic™ impedance), the euigoing siz-
nal i3 completely alisorbed by the load. As a re- |
suii, ibiere are no reflections and no standing waves,

S

Minimum Veoliage

The ataniling-wave ratio =
. Maximum Voltage

Thix ratio indicates the ratio of mismatch of the
load impedance.

In the example shown below, the voltage at mini-
muin's is §, and the voltage at maximum’s is 15.
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The rutio'isn —or 110 3
15

Henee, the load impedance ia cither 3 timea larger

and the voltage is cssentially the same at all points
along the line.
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SHCUTER

If the load is not resistive and matched to the line
impedance, it reflects siznal hack into the line.
The combination of the outgeing and reflected sige
nnd produces a stapding woeve oo the line,

ReRE REpMars STATIONADY
AT THLLE PoinTd (WODES)
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This analogy shows standing waves prodaced by
wave motion and reflection on a rope. A similar
analogy ean he made to standing waves of sound
i[l‘hl" a pipe.

fa r i n_ -
encing Weve Retio

than the line lmpedance, or one-third of the line
impeduance. {In the farcgoing example, the voli
age at the load is maximum, go the load H!I!I.pr.'l:l.:lﬂl:t
is higher than the line impedance.)

If the load has an appreciable eeactive coampo-
neni the slamling-wave radio is only a rough
imdication of the impedanee mismateh. This
can be seen [rom the eurves in the appendix.

]
) = RLSATHY  LOaD
iy LEwER T
CIETARCE —= CHLARALTI RETIC
H.F IMPRDANCE [ T.)
SEUREE =

In the example shown above, the voltage at the
load is minimum, so the load impedance is lower
than the line impedance.



Position of Voltage Minimums and Maximums

|' " LEW  WHLTAGE,
] tioe cumment

ALOATED

If the end of the line is shorted, the voltage at the
shiort is low and the current is high. The first volt-"
age minimupy occurs 8 ball-wave back from the
end of the line.
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If the end of the line is apen, the veltaze at the
emil i: Diigh, andd the carrent is Tow. The first volt-
age minimum occurs a quarier-wave hack from the
el of the line.
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For londs containing reactnnee, the standing-wave
will be shified, depending on the nature of the
load.

Often it i desirable to speak of electrical degrees
-rather than fractions of a wavedengih:

i-l: ag® *-:anu‘ :;—l-.“i-
TA= e Fi=r25 4 it
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Impedance at Different Points Along the Line

Tha impedance at any point slong the line is de-
teemined by ilie ratio of voltage to current at
that peint: 17 the voltage i high, the current at
the same point is low, and therefore the imprdance
at that paint is high.

If the line has lone losses, and no energy i3 abzorbed
iy the terminntion, the loweiim pedance poiifs are
rguivalent to shortcircuits, and the high-imped-
ance points are dquivalent to open efrcuits. If
there is energy loss in the line or termination, the
impedance tends 1o hecome more uniform along
the line. When the load matches the line, the
tnpedance becomes uniform along the line, and is
cqual to the “characteristic” impedance,

It should be noted that an open circiil, a short-
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circuit or a pure resclance at the end of the line
will not absork power. Standing-waves will there-
fore exiat witl such loads,

Summary—Effect of Line Termination

(1) If a line of any length is correctly terminated
with & resistive load that matches the line

impedance, there are no reflections, and no
standing-waves.

(2) 103 Yine is not corroctly terminated, the sig-

nal is reflected haek from the load and this
results in standing-waves,

() The valur and natore of the load determines
the rativ of vollage at maximum and minimum
Points alung the line, and alio the pasition
of these maximum and minimum pointa.

In mest applications where a line is used 1o con-
nect a signal source to s load (for instance, to
tonncel @ transmiller 10 an antenna) it is gener-
ally desirable to make the load match the line.
If the load is not matched, che length of the lina
becomes critical, and incorrect length may affect
the .power output and frequency of the source.
When the lowd is matched to the line, the length
of the line is not eritical. (“Matehing™ means
that the load must be resistive and equal 10 the
line impedance.)
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Guanerwave aml hallowave sections and tlieir
cetton aa saneld circuits will now he eonsidered,
Toiis netion will G expliined on the lLiasis of
chiange in smpedance produced ly standing waves
et an apeneid or dierted line.

mhen soctions af liae are wusedd s diemed circirits,
their nerion deperds on the existence of reflections
el standingaeaves 16 praduee the effect of high-

-
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impolance and  lowsdmpedance tenad  cireuils
Therefore, scciions of liags, when used as tuned
cireuits or tramsformers are cither effectively
shoried or opened at the end to produce the maxi.
sy s1anding-wave ratio and the highest or lowest
possible input impedance, as desived in the ape
pligation.

Qluester N7 zve Shorted Section
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e H';-E-TA parsLiLEL
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"Gfin SRCUIT"
EBHORTED

The suarter-wive shorted section at the enil af
ihie line Jooks Iike a highsimpedance to the input
+ znal, and being tuned, it is rosistive, The equiva-
lont conventional circuit is a paralicltuned cir
cuil, far it also has hish resistive impedance at the
resonant frequency.

e action of a quarter-wave section
explained as follows:

LESS THAM

r%

—

may also be

L
T

A section of line open at ench end ond less than
o quorter-ave long aets like a capacity.
LESS THAH

LOEES LIKE
A CAPACITYT =

Il

. |

= 3
A secrion of line shorted at ene end and less than
& guarier-gave long acts like an inductance.
The capacitive reactance of a section of line one-
cizhih wavelong, open at the ends, is equal to the

inductive reactance of a section of line one-cighth
wave long, shoried at one end: The valaes of

LOOKS LIKE -
AN INOUCTANCE

-

INDUCTIVE jE

CaPaciTivE __

REACTANCE — BREACTAMEE EOQUIVALENT
I AL A |
| I.;k‘ i I
PARALLEL
[ == TURED
CIRCUIT

LOOHS LIKE & RiGH
RESISTIVE IMPEDAHCE,
032 “oPEN CIRCUIT®*

ihese reactances dre cqual to the “char cteris
tie” jmpedance. (The “characteristic” or *surge”
spedance depends on the size and spacing of the
confuciors )

If the two sections are comhined, the result is a
resonant eircuit that has high-resistive impedance,
like a parallel-tuned circuit,

{This example is given hecause it iz simple 1o
visualize. Nasurslly, any two scctions that add in
lenpth to equal encqquaricr-wave electrically will
have equal reactance and will produce the same
gesult.)

The voltaze, current, and impedance relations for
a quartée-wave séction are shown below:

x| o
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E,ice Z
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LOW NOLTAGE
HIGH CURRENT
L IMPEDANCE

Low CURRERT
HIGH IMPEDANE

Quarter-Wave Open Section :
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The quarterswave section at the end of the line
has very low input impedanes, and, being tuned, it
is resistive. Io is equoivalent to a conventional
seriestuned cireuit.



. HaltNVeave Shosted Szction i

I=arpaMCE
CURYE
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) Looks Lige_* = T sEmas
ZLLo = A HHERT é TUHED

DISTAMCE —- i a CIELUT
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R.F. ] J
SOURCE : The Wallawave shorted eection at the cnd of the

Loaks Like 4 sHoaTJ line alsa lias low redistive inputl impedance. It
' correcsponids o a serics-luned circuil.

Halt N eve Onen Section

IMPESANCE
i . U

IMPEDANCE ioeHs LKE @ ————— ) pamarLEy
zema SRcont B Y
e LA
DISTAMCE == I 2 le— e ]
s z

} e, i

ISOURCE Y =X The hall-wave epen section at the end of the line
'—m‘]ﬁ LIkE AN OPEN kas hizh input impedance. This section corre-

CireuIT eponils 10 a parallel-tuned eireuit

™ PO i -
Tuning Characteristics of Resonant Sections

We have seen the four principal resonant sections:

" PARALLE SERILS
1. Guarteg-wave, shorted| Equivalent o a pore tr £ ;
B Malfavave, afcn alleltuned eircoit “’E 1 : d ?I
3. Clarterwave, open Equivalent to a serios- e B i =
4. 1alfowave, shorted tuned circuit % "'l - ":——— - e
4 |
12 4 :ertion of line is tuned above ar helow the ‘;H : éal :
reronant dnput [requency [by making the line 14. 3 L -
shortes or lenger) the effect is the same as in a —;E-:-MT b X I Bt mail
conventional tumed cirewit. The section will no RESTHANT SERSHANT
5 iy s 3 : EROTH LLHGTH
longer look resistive. Either eapacitive or induc . ki Gigarenl (% oren)
tive reactance will predominate. This is shown
further in the tables on page 6 and in the grapls
at rizhi.
" M &
Quarter-Wave Line “Inverts” the Load .
E -
"""f " A Low :_ LOSKS LIKE #.CE
A SHORT & LOQKS LIKE AM - T HIGH RESISTAM
CraculT L OPFEN CIRCWIT RS IAMGE
| . E
E A HIBH :__ LEBOWS LIKE &
‘_-_""'--.___\\- ! RESISTANCE == Lﬂw RESISTAMCE
AN OPEM et Logxs LIKE &
CIRCUT ~— SHORT CIRCUIT q= 434.1 Eour
A spuarter-wave ling "inverts the load as seen determiined as followss .
BY ablirce. (Line fmpedancel®
y 3 » Input impedance = -
The Nt im]lflhmcr in the abeve cizes can he Lead impedance
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arecteristics or Line Sections
;_ OPCN=CIRCUIT LIKES SHORT CIRCUIT LINES
== =1 S - i
| 3\', % — - Y —
— . | ,ﬁ_—!-l-l
I i N : . - -
H t | | | 1
| e 3 LOOKS LIKE A ok L‘—"- LOOKS LIKE AN !
| - s mmeatins L.*;PAI:J.TT -I—- \. IKDUCTANCE
| o Swiess THAN 34 | .J:ss THAN }E
FE L . i
| ~._|  Looks UIKE A -'- |_., ______I Lnnas LIKE A =5
l e, ‘,““—‘,.F--E.I:Fﬂiu:;r_rﬁﬁﬁﬁar?mm - ,-"Eﬁﬁll.._ELuE“SHHAHT { ——
| B IR R ] ¥ > ll
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g | i - )1
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remm s = s INDUCTANCE ! % TS . CAPACITY e d
| \E;_W'r..EH :}"AHD ?é' | ‘TEET'I'-'LEH /.u-m }" I
| S
E-H-..',___\I’_,__,..r—"‘i LOOKS LIKE A I—Q l ﬁ*E : t ’- LOOKS Lmz L
pR— : PARALLEL i Trcate A SERIES _—
RESOMANT . E { I [ |  RESGMNANT
ll.'—__..l. l_—..ll-l:i ElHuUlT. (ier=) ! ; T LT 7 X CIRCUl CH
OPEN CIRCUIT | | | },ﬁ' SHORT CIRCUIT

CHARACTERIGTICS REPIAT WHEN

WMULTIPLES OF AN ELLCTRICAL HALF WAWE

ARE ADGEDL
= % ol
Tunine Charectesistics of
n LR N i : - .u. -
Nesonant Sections and Conventional Circuits
| WHIN INPUT FAECUENCY WHEN THE CIRCUIT IS
5 COmMSiaRT, ARD THE CONSTANT, AND
CIACWIT 15 ADJUSTED INPUT FREQUEMN
] . ADJUSTED.

ABOVE BELOW ' CONVENTIONAL RESOMANT ABONV BELOW
RESONANCE | RESONANCE CURCUIT CSECTION RESONANCE | RESONAKCE
ECTION MEATE {SEE TIGHN MADE
SHORTER) | LONGER) .
LOOKS LIKE | LODKS LIKE . LOOKS LIKE | LOOKS LIKE

- ——————— R ———— E
L .
INBIUCTAMCE « CAPACITY .AT RESONANCE THESE ‘--.._.__‘_‘_“.,.,..-r"'l CAPACITY INDUCTAMNCE
CIRCUITS LOCH LIKE
He>%) | Bi=>xg) |RTiEH RESISTIVE s (== xe) | Ge>%D
IMPEDANCE, OR e —
"OPEM CIRCUIT® — 24 —d
T —E )
b
| noucTance ! INDUCTANCE ! CAPACITY
RATAEITY . iyt AT RESONANCE THESE —— .
(e>%) | B> %e) |CROUITS LOGK LIKE __° (%) | Ke=%)
A LW HEE‘ETI.VE [p— Hn-—!
IMPEDANCE, O PR e
"SHORT tiﬂELH'?" %

TURED LINE CHARACTZRISTICS REPEAT

HALF WAVE ARE

ADDED

WHER LMULTIPLES OF AN ELECTFI.IEAL




GUANTER-WAVE MATCUHING SECTION

The “ioverting™ property of a gquarierwave see-

toan emy ha pual 1o ]-rmtlir.:l; nse whea il ois necoss

sary to matel a line of one fmpedanee 1o a load

of a adiferent opedanes, Ta do ilis the seclion
must huve an impedance ealeulated as follows:

.?_I.-IA'IC:'!IHG SECTION == %/ ZLINE X zl..n.nn

Far |‘:"-.1.1|1]1!¢': A Sealun Yine ean be matched 1o
a 2-ohm dipele through a quartier-wave scctlon

ol 190 oliums,
-
e 72 anM

7 DiPOLE
1o GHM
RLATE HE MO

SECTION
The Nne Joaks inte a load of

530 OHM . LINE,
ANY LEHGTH

(£ of matehing scetion)®

or 500 olima.
L of load

The antenna looks into a source of

(& of matching seetion)®

- or 12 olims.
£ ol line

“INVERSION" OF CAPACITY AND
INDUCTANCE

Inversion of capacity and inductance ean be ex-
plained as follows:

e

o Looms Ligg aW
INDUCTARCE
BETWIES
|‘— %inna "y'i._—-l

An epen section of line hetween one-quarter and
onc-hall wave long looks like an inductance 1o the

Ealiree,
E
‘H.:}-':
. LDAsE LIME AM

e it it e i e INDUCTARCE
I_I.-.lbi Tk

Al ===

If a part (lees than one-guarter wave) is replaced
Ly 2 capacity (an open scction less than ones
quarier wove Jooks IiLc 4 eapacity), the section
still Jooks like an inductasce to the source.

'4”—.",,———\&
A T LooKG LIKE &
| e T AR ITY

TLts THak,
.M— J.—I
L-h:rmm Wl

A .E]mrli:-! seciion hetween one-quarter anid once
Wl wave Juohs ke a eapacity. 1 pary (less than
oac-quaiter wave) of the shorted end is replaesd
by au inductunce, the section will siill look like a

Cupacity 1o the souree.

SaLTHONS LESS THAN QUARTER-WAVE
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LD IMPEDANDE SERIES RELasTASCE
SECTIONS BETWEEN ONEQDUARTER AND
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iF SERnTANCE — DO LICE AN
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LiHE [P RheD _'E-___ BLEAES RESLSTAHCE

2 ~_lesws Ling
£ A CARACITY
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SLEMS HELINTANCE
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SALF-WAVE LINE *REPEATS™ THE LOAD

A hallowave line jets as a “douhle inverter™ and
henee will “repeat™ whatever appears on the far
ol

— Y — -
; E--.__“_‘M,_,_.--‘

AN OAEN Looks LIKE Al
CIRCLIT QPFEH CiRCUIT
A BMORT I"’-L_H‘\ LooKs LikE A
CIREUIT SHORT CiRCUIT
A LOW Loows LIKE A
REBISTAMCE LOwW RESSTANCE
& HIGH s LooxS LIKE A
RESISTANCE HIGH =
1E I LooES LiKE &
A CARARCITY == CAPACITY
A - LOOKS LIKE AM
DU TARCE IHOUCTAMCE
F Y
CotPLEY " LOCKS LIKE THE
LS A D SAME LOAD

A line that is any multiple of onehall wave has
the same characteristics.



e action of a hallwave section, or a Jine ecut
== ,;,-.1.::i11.]1: ol a hali-wave, s w=eil exionsively
i -rr_-;_q-'.irni 4;11]|','|r.1111}!1r-r For exmmple, il a ilipole
anivnna with an dmpedance of 73 ohms is to le
et 3o the vurput of a transmitter; throuzh an
.3.1..~;;--p.-ir.: line ipaced pairl with a v:hnrm:wri!l:h:
ipeidance af several hundved olims, the line can
Te eut to a multiple of an clectrical hall wave.

== [

5 nTanfuklg WAGE O "Tuh:.{-' LIHE
Wﬁ
Th Caa ! W LB
T B T |
Lol §OLEKE OF &MY s DANCE P e
L% o T ey E g h TRasEMiTLA
ELECTRIMEAL .  FMLF - WAy

i lamsminter will laok inte a load af 73 ohma,
repardless ol the impedance of the line

e WL LB |
fuaing Out” the Reactence of & Loed

One of the important applications of tancd-line

soetlons i3 o “tone aul” tlie ellfects ol residual
cazacitive or imluelive reactance in a load, o the
loas it look like a pare refilancs.

For r:'..':l.|.|.|11|1|:, assume that a T0-6lun resistor is u=eid
to terminate a so-ohm lae. I this line, with its
resistor termination is conpected 1o a slotted line
and checked for miateh oaver a wide vange of Ire-

weneics. it will be Tound that at some Trequaoncy
ﬂu: termination looks resistive. Thivis the resonant
fretueney of the resistor. Above andl helow this
froquency the resistor has capacitive or indwctive
reactance anid ne Jonger matches the line. In
other words, the zesistor is not 4 “pure resistance”™
at mosk frequendics.

At the require] eperating Trequency, the resirtor
mur Jook Jike a resistanes with shont Jmp.‘::'it!.' s
FE::;;wu in AT I an ansductive section ol liae is
eotnceied to 1the lermination as shown in "15" i
war he adjusted to resonate with the eaparity, to
laok like a paraileltuned circuit

The Hne, therelore, instead of feeing a resistance
with =hunt capacity, now scce a resistance with a
shunt parallel-tuned cireuit, as shown in “C."

The paralleltuned circuit looks like a high re
sistive impedance as shown in “D," and, therefore,

lias litile eficel on the 1otal resistanee, I the come-

Lined  pesisfanee i3 corecet, the line will bLe
1

“matehiod.”
70 QMM H"":_
" - -
LINE TC”“g -—p
|
A- RESISTOR 'WITH RESIDUAL
CAPACITIVE REACTAMCE.
LELS THAM
P —]
TO oMM 2\"1 L NARIABLE
L] s =
LiME W*’% = | SeRr

-E.‘.. HOUCTIVE SECTIGN ADDED AT RELOMATED
WHTH SAPACITY To THE -PUT FREQUEMCY.

i <7
T GHM Ll
e |

T EQUIVALEMT CIRCUIT OF T

- ;{E-Eg‘m HEE
-0 O Ta
LIHEH“ Vo, giﬂl’ TUNED
CIRCUIT

"OL LINE HOw LOOKS INTO TO oMM
SHUMTED BY HIGH RESISTAMCE.

Tuned-Line Seciions— 1ypes of Construction

The characteristies of tuned lings are veed 10 zoail
advantage in UHF equipments. Quarter-wave and
half-wave sections are useil as parallel anid scries
tunedl cireuils, as stepeup and step-lown trans-
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formers, as fmpedanee and phase inverters,-and
even a5 insulators. Such seclions of ling take the
place of conventional tuned cireuits which liecome
too sall sl ineflicient at ulira-hizh Trequencies.
The tuncd-line sections are made in hoth co-axial
farm, amd In epen-dine type, [rom metal tules and
roils; sonarally silver-plated 20 reduce rof losses.
Some representative types of comstruction are
shetched at lefi. Methods of adjustment to reso-
nate the seetions are mdieated.

Some scelions are cul short, and resonated L'iﬁt!.'l
an aldjustable eapacitor (indicated by dotted lines)
instead of heing resonated with a sliding dise or
har.

Quarter-Wave Szcﬁtipn: <5 Transfnrmvzrs

A djuarierwave soction [ro-ax or “open-ine™ 1ype)
-:3-11.'11:-1 at the end, may be userd as a step-uy trans-
sardior, saimilar e a  parslieltuned  autistrans-
furrieer, When a resonant seetion is “loadal™ with
reactance, [oF example, eonneatm] to the grid of
3 tube, the section must he readjusied to ohlain
eliectrical resopanee).

RO
=R

:




* A gquarieparive shorteil section may he wsed ac 3
STenlowWn ITEnsinrmer. 3

indaciive coupling to tuned scotions is somelimes

2y —'—';]_“"‘a.
F_HEH_ L d LS
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Co-

T pechepull UIF cirenits, lengths of co-ax are
:'rl'llun."“th‘ ||-|-1t i |.—u.|'ll".| 'I]IE AFTIAE ﬂll Dnﬂ‘lrﬂﬂfitf
ae onebiall wave thorted sections. This is done
for several reasons, i1'|lﬂ'|-'|-¢"|l$:

(1) The inner cenduriors may be used o carry
o and a-c supply vollages, or low-[requency
siunals, to the whe clomenis,

The outer conductars can he zrounded.

A alidiaz har on the ouater contuciors can le
usedl ta adjust the electrical lengihs ol the
seetion wentioned in (1] ahowe.

In suchs applications, capacitors are wured at the
e of the co-ax 10 place the inner and outer con-
ductors at the sime [ valiage,

An example of co-ax arms forming tuncd soctions
is shipwi in the illustiation.

“A" is the quarterwave shorted section required
for inpul tuning. Bt it is necessary 1o take the
dinde eurrents 1o external eircuits, and (ior con-

« Aims on
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done as shown in

the following two dilferent
examples: :
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To EXTLRMAL CIRCUITS

sirnctional ressans] the arms of the section must
e zrotadel. "B shows how “A™ is rearranged
to do this. The ¢o-ux lincs do not act as tuned sec-
tinns by themselves, but form the arms of the

iinrter-cnve shorted section shown in 4"

ia ; gl - 5
Miscellaneous Anzlication of Tuned Sections

Tu;:o.:! ;nctla::g are pul o many Waes in adidition
to that of roplacing convontional taneild civediis.

Sonse miscellancous uees are deseribed to indicate
reveral of the many applications,

{1} Ute of Scetions in Switching Cirenils

I sose aquijunents it is nosessary ot times to pros
vent siguals from “A™ zelting 10 “B." This is ae-

[ =
i3 MATCHED
1 "bvz Loan

e e

P

[
Lo
cussalished Ly shorting the end of the onc-half
wauve section. Dy viriue of the action of anc-hall
wave seeiions, this short appears as a short across
“i" inpat line ot “X." The onc-quarter-wave ling,
helne thus shorted at "X," looks like a high -

pedaniee Lo the sizaal from “A

When 7t 15 desired 1o leave ai;ml'[l throuzh to il
fhe switeh is rr"u'ii.ﬂ] at the end of the esehall-
wave line. At "X the onehall-wave oesonant
lie now Jooks ke an apea elreuit. With ao shar
Lo E = the B UArler-wave pection 1a ii1'|.1||h'

5, b

sn fevinary part of the line, snd signals can pass
i:i- .-E“‘.

(23

Quartes-Wave Shorted Section Used as an
Insulator

{a) A quarier-wave shorted section looks like a
Il pesistive impadance. This fact is utilized in
somie Antcnna sysiems by cmploying onc-quarler-
wave shorted sections as metallic stand-off insula-
tors to support and space a dipele antenna one-
quarter wive [rom a reflecting surface, as shown
Jeelows

DiPOLE e FE£D LINME
AMTEMMA = DiEGLE
ARTEMRMNA
Vi WAVE SHERTED » ]
LECTION USED AS -F :
METALLIC STAMD=OFF BEFLECTIMNG
INSULATOR _L SURFaACE

The quarler-wave scclion lonks like a high lm-
peilance 1o the antenna femd line. (The feed line
ean e run inside one arm of the guarics-wava
section.)

(141" Another example of a quarier-wave “insula-
to:" iz thown below, together with an analogy of
a conventional paralleltuned circuit

—_l--.'?- AW TR ce— -I—I—q——d-"l—
A E‘._r"
Al NS ATIHNG E—EC'I;M
il e o) EGUINALEM
SHUNT ACROES THE Low CIZCLNT ¥

IMPEDAMCE LINE.



iroat a coeaxial trensaission line (unbalanced,
sinre enner fomileciar i3 arovuiled) 1008 Lalaneed
seaii-ndie= e e ar load  [Dath  eonductars ape
provimaiely the saoe impelance alove ground).

A Mhaesna” i8 wied for this parpose. The action
i= siwwn i the sketelies, and may he explained

ak r11 t]ﬂ"-l-‘-! H

LMBAL AKCED  SSLANOED
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PRINCIFUL OF CORYERTER, BaTogns MDEME SuwkTrD

CUARTER wawp LECT an
ELACING “A" AT WiGH I

Ta Gaaump,

UsEALAWTED
INPUT BALAMECED OUTEUT
S | T ANTENNA ARZ4Ay,
e, s = '“ IS PFROANCE MATCHiNG
3 h; TRANSFORMER , O3

TWE WIRE LiNE.

» The quarterwave shoried scetion effeetively e
woves the rf ground from the end of the
outer conducior of the eo-axial line.

Far

- Dol the inner and euter conductors of the
co-axial line are mow at a relatively hich im-

. pedance ahove pround, and effectively halanced
e rround.

g

The lLazooka may he vsed in reverse mannes
te feed from a balanced eircuit to an unbal
anced elrcuit.

The impedanee of a line (also termed “surge™ or
“eharacicristic” fmpedance) depends on the di-
mensivns and spacing of the conductors, and tlie
diclectrie constant of the insulating material.

Neglecting Losses—
kel
lenﬁ - ] C"\“Fﬂ
P anlid  dielocteic e (as compared with air
wizlectrie) ahe impedancs is roduced by the factor
Vo, where K" equals the dicleciric conbtant
of the intulsting material (and has the sffcct of

)

wcaliave Phiose and Impedance Cone
Yeriar

The Tollowing arransement is used in 5OmMeE ap-
}ﬂjuaiiuu:. The aetien may he roversed, to feed
rosn higl-impedance halaneed imput to lowsim.
pedanee unhalaneed outpul,
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UNTaLAMCED
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(3} “Folded™ Resonant Scetion

At relatively low [requencics, the pliysical Iength
oi 4 resonant seclion may be too lenyg for com-
venient use, and a “folded™ ecttion may he used.
The cffective lenpth of the folded section is indi-
cared by the dotted line, More than one “fold™

;1.1..-:;.' ]Ju: used for further reduction of the physical
enath.

CONVEMTIOMNAL
RESOMANT SECTION

SECTIaN

Lice imnedznce

Th

inercasing “C" per unit length in the sencral
farmula).

Aircrafe Awrennn Calile, vsing solid diclectric is
frequently 70 or 50 ohins, Seventy (70)-ohm ealile
is convenient [or use with quarlerowave dipoles
and other antennas that have a radistion resist
ance of 70 ohms. Filty (50)-alun eablo is used ex
tensively in comjunclion with suitable matching
on low-impedance array-type antennas.

The twe charts on the following page show how
the impedance of co-axial and parallclwire lines
varies with the dimecnsions and spacing of the
eonilaclors.
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Impedanee chart for air
diclectrie eo-ixial lincs.

i
e W TN

Example: For a 50-0hum

liae, “D" is 2.3 times larzer
than “d™. For a Tohm
line, “D™ is 3.2 times larger
than “d",
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CHARALTENINal el fiancE oo
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Impedance chast for paral

lelwire lines. oh
i
Example: To oltain a Jine 3
» impedance of 500 olums, T
using Mo, 14 wire, the spae o g
A

ing (3) muea be approxi-
mately 2 inelies.
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Radin: waves travel at a specd of 300 mailling
metees per seeond i i The fpeai] b5 redured
# lines that have spacing insulators or. solid il
clectric. In 2 slotied measuring line, with no
*pacing insulators, the speed is essentially the same
A5 IR air,

The epeed in solid-diclectrie Tinee of high quality,
sueh a8 UHF aiceralt antenna cahle, is aliout 60-
U per cont of sperd in air. Hecls of such cable
are tageed with the measured velocity constant
“f a vample cut from the reel,

whe fact that the velocity is less in the eahle than
in dir weans that 3 wavelenzth in the eabls will
e hasior than in air: since the wavelengzth equals
vetorily divided Ly Irequency, For example, a
wavelenz=th iy air ot 160 me. §s 2 meders, hat iy
warbisk-dicleetrie cable with a veloess eanstant of
63 per cent, a wavelenzth at 100 me. is on Iy 3 x .65,
or .95 meters.

11

The lower veloeity in solid-diglectric lincs is illuse
trated helow. A 100 me. signul is fed through a

1= WRWELEHSTH
3 mETERS

- wadeT L EmGTH
[25 miTIOS ‘—

i‘ﬁ;‘éi :| BLOTTED LiNE PFPrem—ee————_m

A= DIFLECAIC “Lirce, TELIS DRLLECTRIE LiWE
YELOCITY COMSTANT o 1.6 OF YELOCITY CONSTART
X = 06N ‘

slotied] line (air diclectrie) and into a solid dis
elveivic lineg.that has a veloeity constant of 0.65
(&3 per cent of that in air).

A slotted line ean he used 1o check the velocity
constant of a eo-ax eabile.
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Ve enil-al the calide is deflt open.  Standing waves
are thereiore set up along the ealle and slotied
dise, Tihe praby is scl securately at the firsi poing
of minimtum voltage al the calleside of slotted

lina. A picen of eable is-edt off at (he enid ol il

Yine. “Thia -hifts the voltare mniniiiim foint to

tive leit, and the prolia §s reset accurately to e
new pacition of the veltage winlmom,

The ratig of the lenzth of (he picen of calile cut
ofl 1o the distance that the probe is moved is 1he
velaciiy constam of the eilides {In frraciice, smiall
inrrements of ealle are eun off uniil nearly ihe
entire length of the slaited line hins been traversed
Iy the ponhie. Each step iz plotted, and the slope
of the line imlicates the veloeity constant).

As an example, if the length of calle cut-off §5-1
fooi, amd the prohe has heen moved 2 Jeet, the
velocity constant is .5, or 50 per cont,

Stending-Wave indicetors for Oszen-Wire Lines

A small neon hall may bie used to show exirtence
oi standing waves on openswire lines. I the fiue
i corsceily tormiinated (no standing waves) the
with wiill have constant brilliance as it is moved
zlong the line.

-ietter indication can be obtained hy using s erys-

CETLTal

as = i HEDR T iITY
tal ar disde rectifier and a meter, capacitively BULB o O BiaDE DET,
caupled to the line as shown, bndral AND MATER
c" ._t L - F o
Slonted .*ﬂaasu;:ng Line

A “slatted Tine™ is a scetion of co-nxial line with
a elot along the outer tube to permit loosely
catipling an r+f voltmeter probic to the inner con

uadaclor.

Thae slotted line is used to determine:
(1) Ratio of voltages at maximum and minimum
voltage points of stindine waves along the

- lne,

(2} Position of these points with respoct to a

“ileierence” point.

From this data it is possible to determine tlie ro-

siztve and reactive nature of a load at a specificd

irequency.

Eoe wnTa
oE Toe Tay A
AnD BETEE |_. SUTER PRGLE
COMBLITTOR
PREaE H IS ER Bon whiTs
CoHDUEC Tas i CETECTDR
e
TRACK et
FRoaAL L T
ALY O TOR
STaHBbATD TYAE IKVERTED Tvre

Seme Principal Applicationa Are

{3} To adjust antennss for corrcet match 1o a
line at a specified [requency.

(2} To determine the resistive and reactive cops
Punents of a Ioad at a specificd frequency, or
O¥EC o range of frequencics: §oe., impedance
sl phase sngle

13 To aljust input systems of receivers, dupimy

svielsy eie., for correct maich to a line,

btibler ouglita care is taken in the Ilﬁ.'li-iﬂ. anil comns

Mreaihn ol Qutted Tines 1o secupe:

L - o -
ved bhdform impedance throughout the lenath.

\2) Unifarm spacing of the probe in i travel
along the inner conductor,

13) Gool grouniding of the prolie hox 1o the outer
mllllliftﬂl‘-

(4} Rigidity of the eo-ax assembly, anid minimum
slop in sravel of the volteter probe.

The impedonee of the sloted line should erqual
the impedance of the assoeiated co-ax line. Some
rlotted lines are equipped with two or more me-
clianieally iuterchanscalile inner conduciors of
dillerent dimmcters so the fmpedanee can be
clumged to match the hmpedance of mntmun}{-
ieed cosax lines (70 and 50 olims, and some 63 an
4l dhms).

The rf voltmeter used in conjunciion with the
slotted line Is wsually o diode or erystal detector
with a current meter anil tuned] input, eapacitively
coupled to the inner conluctor.

Dioele and erysial detectors are insensitive and re-
mquite 3 high-outpur UHF oscillator to excite tha
line, Tt ia sometiines possible “to use the UIF re.
ceiver (from an equipment) ss an indieator, fitting
tio input of the receiver with a suitable prebe. In
this caze, owing to the hizh sensitivity of the re-
eoiver, a low-powered UHF gencrator may be used
for the soures. '

[Fhea adjusiing antennns, the ohjeet in most
cased §a o "mateh™ the anlenna to the line. This
is usually done by changing the antenna length
andfor the antenna matehing siub for minimum
etandingavave ratio.

Far same antennas, and in other apolications of
the slotied line, it is neocessary 1o determine the
resistive aml reactive eomponents and phase angle

This requires cheeking both the standinpgwave
ratin amd the distance from 4 winimum {or maxis
mum} voltage point with respeet to a “reference™
paint. This suliject is covered in the appendix.



Additional Dztz on Standing \Waves

A g-e ware may be drawn as a change in voltage
during a period of time, as shown helow,

A stisniiling wirve s nol as casy o show, |'rrrl:|.u-r.' .It
invodves changes in volfage with e, amd with dis-
teace along the line.

The voltages hotiveen node points of a standing

wave changes from positive to negative values and

hack during the time equivalent to one eyele of
the r-i source. This r-f change in veltage is roughly
indicated by curves 1 1o 5 and back in the follow-
ing rketeh.

DUSTANCE ALONG LINE « —=
STAMDING WAVE

At some instant, the voltape along the line may he
shown by one of tlhicse curves. It will be noted
that the term “standinz™ wave can be misinter
preted. In a standing wave the position of max.
and min. points does stand still, hut 1he valiame
«chanzes at the rf rate.

When an rf voltmeter is moved along the line,
it indicates the relative amplitude of the rf voli-
age variation at each point aleng the line. The
reetificd el current in the meler ¢irenit iy he
#ero at nodes, and increases 1o a max, when the of
voltmeter i moved 1o each voltage max. point
Thus the measured standing wave appears os
shown below. (This is a sine wave with the nega-
tive half-cycles "flopped up.™)

[ 4

= MAx,
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wE DISTANCE ALOMG LINE

.HJ" turninz one of the half-cycles down, as shown
i dotted lines, it will Le scen that the curve is a
sine wave,

The stunding wcave that exists on the line s o sine
wwve, providing the r-f source is sine wave; thar fa,
o fundwmental frequency with no haroonies. For
teaitealdine svasurements, the scncralor musl foe-
Al sine wave output. If hatmonics are present,
same of the min. points, with the line Gien or
shorted will not lie zero.

13

I the standing wave an the line s gine wave, ihe
mewsured staniling wave will be sine wave, provid.
ing the vl voltmeter is lnenr.

IT the yectificr in the of volimeter js
the measared standing wave will
but will appear as shown,

not lincar,
not be sine wWave,

e
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£
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DESTAMGE ALEME LINE - —

BECT CUBREMT
IN BEVOLTMETER

By turning one of the half-eyeles down, as shown
i dotted lines, it will he seen (hat the standin
wave, as measarca with o non-Bnege lletector, is
far from being a sine wave

It will he noted that with a non-linear iletecior,
the voltage min. points are not as “sharp™ as indi-
cated in the preceding illustration, which shows a
standing wave megsured with a lincar detector,

The graph on page 24 hows how a non-linear de-
tector introduces distortion in measuring & sino
wave stanmiling wave,

This pondinearily enuses error in mensnring
stunding wouve rotios. In some applications of the
elotted line, as for example when adjusting an
antenna o “match™ the line, this error may he
ignored,

Inn other applications where it is necessary to des
termine the standineg wave ratie accurately, cors
rection can be determined in this way:

L Plot the stamiling wave as measured with the
particular detector at the desired frequency,
with the line epen or shorteid, and with the
grneralor output adjusted for exactly full-seale
deflection at the max. voltage points.

2. Construsl a sine wave (hall-eyele) on top of
the measurcd standing wave, with zero and
max. points coinciding as shown in the graph
on page 24, Thlie sine wave indicates the eur-
renit ibat would flow if the detector were
liaicar,

Assume that a partieular load
wave with & measured ratio o

VOLTAGE MIN, 02l

VOLTAGE MAX. 0.5

Reference to the corve shows that the value of 0.21
on the mensured curve corresponds 10 0.39 on the
singe wave curve,

roduces a standing

=035

Also the value of 0.6 on the measured curve corre-
sponds 1o 0.71 on the sine wave curve. The cor-
recled sanding wave ratio is therefore

0.39

071

= 055 [nswead of 0:35).
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A wave =uide 1= a simnle hollaw matal tihe hae-
ing i oemattas eomliuclon. The Teeses are relatively
tow, since Lhey will be produced mainly by the
Sinder SXinT ol e tuhe (which 5 of ]:'|.|_'i_y: piizne
ciey sk ienee gives low logs). The faner surfvea
shintiiad T elvan asal smnaths The euter surfuce ean
vt zreuadel o1 any point sinee the of pienetraios
wiey @ thin sain of the inner surface. Sharp bends
aze usually sveided, and all hends and twists are
arranged o peevent a change in “mode” of propas
guihes, or redections. Insiead of o hallow tnetal
gahie, a snlid eliclectric may lbie vsed as a wave
siiie. The aeilon in this ease is gomparalile 10
ligiaz waves traveling inside a lucite rod. Ia sen-
crals tae doss in a solid dieleetric wave guide is
greaier than in s hellow wave muide,

A wive puide cannol be eonvenicntly treated like
2 erdinary tracsmission line. Wave muides must
we apnroached from the viewpoint of an electro:
wagnelie wave in a diclectrie, using the same hasis
oi lrcatinent as thai of radiation.

Wave suides may he rectanzular, round, or oval,
At the present time, rectanzular wave suides are
most simaple sad commons this discussion will reler
o reciinzuaar wave guides for the most parst, hat
much of this information ean be extended 1o mcides
of otiier shapes.

The following develapment of a simple type wave
suide §s intended to serve a5 a means of heidging
thio zap hetween transmissien lines and W

guides, although they operate on  diScrent
principles.
%E@iffam ™ ™
|
]'-I-‘Em.-na:-r:u L . 1

"‘ihL

Above at left is shown a section of twe wire itans
mission line. A guarter-wave resonant sioh lios
been added accoss the line. The ends af the stub
wlhiere connceied to the transmission Hine, will T
eseat a high impedance—many times higher than
the lmpedance of any practical two wire transmis-

sion line. As a result the stuh will have & negligible
e
eflect.

Suppese an  infinite naomber of quartor-wave
ristried stubs are added, resulting in a continuous
pipe of rectanzular eross scction, or one typa of
wave guide. See illustration above.

H_# g -, " &
a"—llas a swiintcwan dimension of kalf a wave-

‘eagth |in order 1o propagate a signal) but
4 anay be greater, The “eut-oll™ Irequency

L TE

depends on dimension ™a™,
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U—1s not eritieal excepr for voliage hreakilown
or ihe poesilility of eperation in a wrong

“mande™,
F—
- =& MH MAGHETE)
& mc (eLEcRoSTATIC)
T- I R TR ] EMD “IEW aF
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SIOE WIEW OF & SirMMPpLE
VAVE GLIDE » SHOWING
ELEc:mET.mn::i FIELD . i

ToR VIEW OF A TMPLE WavE
GUIDE , SHOWING MAGHETIC FIELD.

WAVE- GUIDE FIELDS

For a simple rectangular wave-guide, the clectro-
statie lines of force and density of distriliwiion of
the E & I fields are shown in the illustration. The
electro-magnetie lines of force may he theught of
as “whirlpools™ in a plane, perpendicular 1o the
eleetvo-static lines of force, traveling down the tube
i the direction of propagation. A reetanmular
wave zuide will transmit satisfactorily if the com-
poacit of the clectric ficld tangent to the side sur-
fuce is zero at every point on the surface,

A Iwoewlre and a co-axial transmission line are
shown with the magnetic and clectrostatie fields
indicated. A transmission line may be thouzht of
as a guide for magnetic and eleetrostatic felds.
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OF PIOCPACATION

propegation velers to franseerscanagietie,
arid I applicd 1o the fact theee s no maznetie fell
(13} in the direction of propagation down tlie tulie,
“he cleetrie field (E) ddocs have a langitudinal
comipunent in the direction of propagation. There
are numerous maosdes of aperation (or ascillation)
depending upon the cross section of ilie hollaw
mctal tube and how it is excited from the wf
suurce. Different modes of operation are ldentified
by sub-numerals after the letters “TAL"

T 'urll

“rEN pragugation refers to  fransversescloctro.
statie, and is applied to the faor that the magnetic
(i) Seld ds in 15 direction of propagzation and the
eleetrie (E) Scld is trapsverse. There are niamar.
9L waodes of aperation; identificd as mentioned in
tor narngeapl: alieve. Tt may be of interest 1o nota
Leet "TEe™ aunde has the lowest “ent ofi™ free
Lieeney of any that can be transmitied through a
e tube, The fiolds sliowa in this booklet are
ol 5 I
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IMISSION CF R.F EXERCY IN

WAVE CUIGES

Eleciroanamnetie fields may le proepagated down a
holluw msetal tube provided:

L The Ircquency is hish cious-h,

g
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The fields have cortain definite ilisirilvitions,

wave Cuidos are essentially ultrahigh frequence
devices since the frequency must be hizh Lefore 3
fichl can he transmived (from a Jreactical point of
view] throush a wave giide. A wave suide Las a
definite eul-ofi frequency, a5 determined Ly the cross
ecciion of the hollow ulie, and will not aperate al
a Irequeney lower than the cut-off [requeney,
When the guide is hall a wavitlength  in widih
[dimension “a™) the wave reflects back and forth
acress the puide imaking no progress at all {hence
eut-oli frequency). It may he considered that the
wivelenzil af the r-f energy must hie short enough
to LU into the cross-scctional dimensions of the
wive guiide,

The velocity of propugntion (group velocity) of
nf energy in a wave guide is slower than the speed
in air. This is due to the fac: that the wave does
not travel straizht threugh the swide, Tt is re-
ficeted from wall to wall. The length of the path
tiat the wave travels is longer than the actual
lengii of the guide. This action is comparable 1o
thie reflection of radio- waves by fonized layers
above the ‘earth as illustrated.
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The group velocity is depenident on the frequeney

amid the tube dimensions {dincnsion “a™ in a2

vectangular puide). For a given size of rectangular
guide, the group velocity—

(1)} Imecreascs as the wavelength hecomes shorter
sipca there are fewer refleciions from the
wave-guide wally for a given amount of for-
ward travel (see illusteation *1™) but i al-
ways less than the speed of light.

(2) Decreases as the wavelength becomes longer

{up 1o the cutofl [requency) since there are

more reflections from the wave-guide walls for

" 4 given amount of forward travel (see illustra-

ten “2"7). >
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Magge Foelacity (apparent speed) s preater than
. : : S
te speed ol propagation; or the speed of iraval
i an unrestricied medium.

(true epeed]

Asvarenl snoe] =
i {eas 8 lLetween wall and
direction of travel)

dasis the apparent speed is greater sinee the waves
are siriking 1he wall at an angle.
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In the thme reqoired for the wave front to move
the distance “L", the point of reficction has moved
the greater distance “P™, Thus the appareitt epaed
(:hase veloeity) is greater than the true velority
of prapagation.

The wavelength in a hollow wave puide (s moas-
ured on 3 elotied wave guide) is always arcater
:man, or at the limit equal te, the wavelengih in air,

Ailenuntion in a rectangular wave guide of aiven
#lze varics as follaws:

(1} As the wavelenith el the i=nal increares to.
warnil the cutofl value, the allemitation in-
grearcs e itliere are more refloetions rosults
inx in hizher losses due 10 -0 currents in the
“ekin™ of the inside wall,

A o muel gheries wavelinath, atienuation
spain increases ue to incrcased "kin effoer™
at hizher froquesneics lexcent in a special pase
whera the ele ctrostatie ield docs not terminate
ar the wall of 1he puide) .

(3} There i an optimaum frequency of Jeast
attonuation; hewever, this is usually not used
hecavse of etonomy reasons.

The chnracteristic impedunce is dificrent for
every mode of oprration. In a reund wave guide
the lawest characterisiic bmpedance s alout 330
ohms. In a rectanzular wave guide the eharactoris
tic mpedance niay Le any value as hoth dimen-
s100% are varied. The lmpedance is directly propor-
tional 1o the narrow dircnsion *I™ anil'if the i) er
dieension “a”™ and the frequency are fixed. the jm- -
pedance may hé anv value hetween approximately
U amil 465 ohms, The impedance approaches zero
as the narrew dimension “b" is reduced,

Lha 0" of a wave ruide s a function of fre.
queney. It is abo direatly proportional to the
ratio of volume 10 inside aves of the suide. “Q™
saay be ol the order of 25,000,

Practicel Fects About \Wava Guides

L An eleetrical quarter-wave Tenzth or odd mul
tiplea of a quarierwave lemgth, wave saide
ahorted, reflects an “opeding” where it joing
anotlicr wave maide.

An clectrieal hall-wave or multiples of 3 hialf

wave sharred reflects a “solid wall® where i1 .

Joins anciher wave guilde.

% A quarter-wave scetlon of wave anitle invarts
the inpedince as with ordinary forms of trans-
mission line,

A wave suide has a “eharacteristic imped-
amee” which is usually rather hizh compared
with the Impedance of co-axial lines.
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3. I-‘l':l.]‘rrl]...:q.‘-l',' matehine may Jie accotiplished by
Lakare sitihs.”  For lustauce, in
matching to & dipole radiator, The sitba con-
strict the opeaing: may le used to *Hlue ™ out
certain modes of aperation,
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6. [ually where two waveguide scctions are
jeinail in such a fashion, as to he quickly re- -
- movalile; an of choke 15 used.
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A% opee miaT
MILLED in SIREUL AR
PIECE OF pagTail
BOATED Th WavE

"""'..-’-. OEEP SLOT [CLOSED AT
BOTTOM] ACTS 4% OF CHUGKE
FOR Q.8 SIGHAL wHICH MIGHT
TRAY To “GET Gwr™ iN & DFLOTme

PERPEATICULAR To THE AXIS GLIDE .
OF WanrE Guspre ,
AL OUETHS
LV N1 ]

An aocoustic amalogy (RCA “Tome Guard™) is
shown aliwve. The slots around the inside of the
cabinet act as chokes to provent uadesired hish-
Srequency ssunid (that is radiated by the vilirating
parts of the phenograph pickup) from “sctting
out™ through the normal gap lictween the lid and
the cabinet,
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Yas same purpascr, nEually 1osl, a wave giide
vy e smarcial o g3ic by doerensiog (e ih-
pasnal feaee seciion of e suide slichibe at
e airtendy germalle an of choke, az shown
-il!-“\‘-ln!l 1s alen =il

The emd of the wave gnide may-also e Jared
eapward | enensing the cross section)  anil
taedl or rodiation.

A wavesside allennalor miay ocousist of g
sravable sketal paviision as shewn below; tha
aftonuation inercasing as lho  partiiion s
moaved i

METRL PARTITION ATTEMUATOR
MAWED (M TO _;l
INCRIASE. L
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Zrandinpg-wave ratios are checked in a manner
similar @ that veed for a coaxial line A

spetion of wave auide with g parrew slot

parallel to thae axis of the wave guide {laeatad -

it the saxinmm of the electrostatic Gelid) is
useill. A prolie with a “erystal deteeine™ or
an inetrwment Tuse [T/200A heated 1o alninst
the ldawing peint by d-e] is used 1o lcicct
the presence of standing waves, as with a
siottedl  cn-axial measuring line, Due o the
micch  higher [requeney, messuroments age
consitderably more delicae.

A seetion of wave poile may Le wsed a2 a
tumed circcit or ha a transformier. In the oe
companying illestration, if rf encray is ins
trodueed ot X" relldetion will ocour at 1ha
closed emids, Ii dimension “C" i correct, the
ri voliaze will be reinforecd at *X." In this
example “C™ s a quarter of a (zuide) waves
tength, however eiher lengtha may lic weed as
long s the refiecied volinge arrives Lack at
X" in phase with the rf source.

The resonant elfect is due to reflections {from
the clered eads} sciting up standing waves in
the suide. The action is similar to that of a
Veavity pecnnator’

The r-{ eacrgy may be introduced ndictively,
eapacitively, or by radiation. Ouiput may
Le oliuined in a similar manner;
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Sectines ol apen and closed wave =iides may
fuct tzanld 1o switeling cireiil=, cie, Jo the fisl.
bivwing examples whese a suirtir or threes
spirariers wavelmngth is indlicated, any ikl
multiple of a quurter wavelength wmay Le weedl.
Whera a hal 'I.'n-';L'I."E!f"FﬂI. i= [nlli:a:m'ﬁ. any
mliiple of a2 ball wavelengin mav lie gl
| et riedl 'il'lu'l.'i:l'il_'j:=ll i the i:uh!l: 1% Pioe
sereenl 1o, not physieul lenzihj.

I the illustzation helow an intermitient shinrg
ay "7 (mechanicil or Ly wians of a special
tubie) is wsed. A short at “D™ will resuh in
cifectively a “solid wall” looking in at point
*X" when D™ is eliorted,
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In the followinz illustration an intermittent
short at D™ (mechenical or by means of a
special fulie) is usod.

- CLBSZD EnD

D = INTERMITTENTLY
SHORTED

1

T

TS . e L
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1 TNy \main RECTANGULAR
WaAWE GLUDE

Fhen “D" is shorted, efectively a "solid wall”
will result at the junction of the clored stub
to the mnin wave moide. Faths *“Y" and “T™
may receive energy.

When "I is pot shorted, eflectively a “solid
wall™ will result looking in at point "X" which
ig two lall waves (a2 full wave) from ihe
closed end. There will bhe no transmizricn in
the dicection “U™ hut there will he transmis-
sion in direetion *Y."

12, A iypical wave guide in praciical use now,
whieh happened to be a standard size of ree-

tangular tubing:

Width—aliout 1.55 greater than a half wave-
length (about as small as can he used).

Thickncss—about 4% of the width.

Wavelength—about 20% longer than in air
[stnnding-wave measuremeont).

Loss—about 1/10 db per meter correeily
matehed),

Slnnrfi'n,; Wave Ratioc—ol as high as 3 to 1
may ba telerated.
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Cavily resonatars aze funed reionanl Ccirchiis for
exiremely high freguencies where It hwensies im-
passible or impractical to uvse juned lines or
luped eirenits

Mo unigue definition of L, C and R can be found
i1 4 cavity resomaler. A cavily rcsonalor is sunilar
ta & wave suide in that eleciro-maznetic lines of
farce oseidlate hack amd farth within the eavily
in some particalar mode, depending upon the
shape and method of excitation of the cavity.

UHIF cavity resnnators many be comipared to cone
virrstioanl aeotietle resanalors, An exatihr i 1he
].rmll.l._\' sl 10 2 Poass willi srooeth Ganl surlaces
venod apranrlie reflectors). Sound frem-a seiree
will k¢t refleeted from wall 1o wall withi only slizig
alirorplion. of enersy st each reflection. I the
ireqizency of the sound s such as to prodece stand-
it waves Ligtwieen twe surfaces, of combinalion af
stefaces, the sounid is reinforead. The resomant
fonqueney depends on the rooin dimensions. The
#J" depenitls on the rellectivity of the walls and
oiher losnes.
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i itds desicold to increase tlie resonnut freyueney,
we can parallel the inductances “L)" thus nisking
e equivaleat "L" guite small. There are lanits
s to | il Py 1 1 ically

a2 1o how sma may be made practically, so
the only thing left to do is to/deerease the elective
"L of the circuit In order 1o tune to a higher
irequency. See diagram at right
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Coneider a rectungulir section, The deseription of
the “Made™ would lie given in terma of eleciro-
magnetic fiehls and varlous frequencies. “Various
[requencies of oscillation (dilferent modes) are
possible, hiecause wave cnergy may he propagated
and reflected from various surfaces: There is also
the possibility of an eselllation that is 3 harmenic
i the hasic wave. Two important points in eavity
recomators are (1) how oscillations are forced und
(2) how energy is removed. They will effect the
mode af operation.

The rf encrgy may he introdiced to or removed
et T resanant cavity, inductively, eapacitively,
oF Ly rudistion.

The enezzy is in the clectrostazic field at ong in-
sfant and in the magnetic field ar = :nan later,
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As sliown i the rizht above, more and more in-
daetive stubs may le added, thus deercasing the
eliective “L7” amd incrcasing the resonant fre-
quency. If this is carricd on 1o the exireme, a
closed chamber or resonant eavity results. (Stricily
speaking, it is not proper to talk of the inductance
ol a cavity resonater)

f -
t Cavity Resonat

Ors

z escillating {fram ane ficlil ta the other at the {re
oucncy of the applicd encrgy. ’

In refecring 1o eavity resonators the idea that a
conductor is always an “cquipotential surface™ is
unirnc; volisges apd currents reveorse fhiemsclves
in a space measured in contimeters. An cleciro-
stutie field can lerminate dnly on clectrical charge,
henece there must Le appropriute distribution of
charge on the surface, A magnotic field can ccase
suldenly only on 4 surface earrying current, henee
there must he eurrent flowing in the inside sur-
face of the resonator (only penctrates a very thin
skin of the metal surface and cannot be detected
an the sutside of the resanator).

A general statement, for simple resonators, can be
made that it is necessary to have a dimension of
an electrieal half wave or multiples of a hall wave:
gince the clectrostatio ficld i+ 3 maximnm at the
conter and minimum at the sides of a simple
resonator, otherwise the elecirastatic feld would
L shiorted out. (Refer to the data eovering a sec-
tion of wave puide used as a tuned circuit}
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The yesppiit frequeney ean be calenlated from the
ehape of the cavily for very simple types of reso-
NELGTE  POSICERIN T BV ITIEITY,

The “Q™ can be determined throush knowledze of
the rate at which encrgy is lost. A large “0Q" may

L
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Cavity pesonstors may take varlows shape: such
as. eube, spheres exlinders ephere dimpled on top
auna bottani, eyiinder “dented™ at ofe end (with
enits Torming zrids as in an HF tube, for instance),
eic.

Several pessible types of eavity resonsiors are
ghown helow. The electrostatic lines of Toree are
ehown for one possible mode of operation:

(i) @

i

CUSE EYLINDER SPAERE
-l:-"_ -:'.".!

S [
ety RECTANGULAR RECTAMGULAR

For the purposes of explanation, a metal sphiore
iz sliown in a rectansular resonant cavity, with the
“E" lines of force for this particular operation as
shown helow:

[l

DEFONL

rrrﬁf’\‘u

{1} The slux shortens alectrostatic (E)} lines of
force, hence the capacity is said to increase.

{2) The magnetic (H} lines of force are normally
wedk at the center and are not aporeciably
aTected.

(3] The wavelengitl frereuses {{requency lower).

I e b
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lie alitained when the ratle of volume to P
Be luirpe. Appeoximalte values of “Q" may b 2% fityi,
31,000 wad 264600, for a culie, evlinder, and sphere,
respectively, whea not Joaded.

[Tizh *0Q" does not necessarily imply hizh shunt
resistonee ("He™) in a resonant caviiy,
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The ecavity (hox} eannot resonate if it is too small
Tar the wavelength concevacd. If the wof energy is
the corveet frequency for the cavity, high ampli-
tude centimeter waves (ficlds) will propagate
across and from top to hettom of the cavity.

uning Sluzs for Cevity Resonetors

If the slug is inserted at one side or the other, the
resull s as follows: T

(1) The slug shortene the magnetic lines of force
{1}, henee the cffective induoctance is zaid to
decrease.

(2) The clectrostatie lines of force (E) are nor-
mally weak at the side and are not approciably
afiected, z

(3) The wavelenzih decreases (frequency higher).

Since the twa positions of the sJug, namely, in the
maximwn (E) fcld, and maximum (1) Seld,
change the resonant frequency in appasite dirce
tions, it would be expecied that a position where

no change in wavelength wounld result might be
found.
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RESISTARCE 'Rr.l— = RESISTENRCE [il= 2 RESISTERCE

MOZE THAN T, I L" e LESS THAN Za s MOAL THAN Zo

i
LOAD IMPEDENCT 5 ! LOAD IMPEDANCE IS

CAPALCITIVE

LIME Z Lixg T

ARDWORE THJ!HE-A.H.'} LESS THAN |AND LESS THAN | AND MORE THAH

INDUCTIVE

LIME L LIME L

RE - P -—{
i SEEITINVG INDUCT IV :
L R b A T ROV TR B '._4"-. . | LOAD END
FTol 1=5* GOr : g5 o

SCALE LENGTH =74

MAKE SCALE LENGTH= /5 Wavs LENGTH AT OPERATING FREGQ-

2 WAV 1IN INCHZS =

S900
FRERE. [N MC

{This longth is hased on the use of an airdiclecirie glotied line with
velocity constant practically the same as ain.)

By making a few simple measurementa on the
slatted line (a1 the desired [Fequeney) il i pos-
gilibe, with the aid of the charss at the end of this
liookles, to determine the impgdance and phase
angle of any load.

The equipment is set-up a= shown:

L]

aF PRDIE
WOLTMETED
LALATIES LINE

[ RPIDARCE A% TRAKDMISSI0N
TEANSMESSION LINE) LiRE

"Rx*spat
| TUHF

'-I'.i!l.f-:.l.ltl.‘_'_l
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The procedure is a8 follows:
1. alake a seale.as shown at top of pase.

2, Locumte a “rojeronce point™ s follows:

(a} Short cirenit the far ead of the transmis
sion line, at tne Joasl, The short eircuit
miust he as direet and effective as possible
for accuralo results. -

{h)] -Adjust the generator for corroel fre-
aueney. Move the prolie te a valiage max.
tasinl,y andl adjust sencrater gaiput for
exaelly full-scale renading on preie voll-
reieT.

le} Move the prolic alasg the sloticd line and
noic the pesliion of min voliage points.
Soleet a min. mear the centoe ol tha
slolted line and loeate this point accu-
putely. Thiz min. will e refarved to as
tie “reference point™

3. Fusten the prepnred senle underneatly the
prole pointer ra the 90 degree mark i at the

*relermee poinn”

4. Nemave the shert cirenit.

3, Cherk zad il necessary readjust the ponerator
for correct frequeney.

6. Move the probe along the seale andd zecurately
loeate the point of min. veliage. The reading
in degrees on the scale at this min. voltage
point is referred to as “"RKX%."

1. Noie the veltmeter reading at the uln. valtaze

; ] ; min. veliage
point. Detennine the ratio of ——
max. voliage

This i+ the standing-wave ratio, relerped 1o g3

ELTH W

IL" (M the yeetifier in the ri volimeter is
non-linear, the ratio may be corrected as de-
seribed proviously.)

Having determined valoos of X" and "R, it
is then neeessary 1o uwse the corret chart to de-

iermine the impedanee and phase angle of the
load.

There, are four charls ineluded in this booklot.
Uee 21 if KX® is hetween 0 and 45% or 135% and
150",

Usa 225 KX® is hetween 457 anid 133%

{Charts =3 and =4 are enlarzements of 51 and

==2, respectively, for preater accuracy when the
gtamting-wave ratio is hetween 0.7 and 1.0.)

As g example, if—
Min. voltage

ik, e standing wave ratio, = {i.5
Max. voltage
X", = f®

Zey tho line i::!pmlunm. == 40 ohma

Ad BT 1 ﬁﬂ“.‘u;r: [T

Locate R = 0.5 on tap of 2 chart and fellow
this line arounil umtil It erosses the KX E!_ﬁﬂ"
line, Mack this point and from it go straight
across the ehart ta find that the ratio of the

laad impedance R

L (1 L [ T
line impedance

Az the line impedance is 40 olima, the load imped
ance is 40 x 0.73 or 30 ohms.

From the marked point (where R crosses KX°®)
drop straight down and nete that the angle of the
losd 15 32% (induciivie).

The ]nnd'impudnncn {Za) may be cxpressed @
terms of resistive and reactive componentss

Ta == 30 cos 32% <= ] 30 sin 32°
= 25.4 5 J15.9 ohms

geel e |
G 25.4 GHME

RESISTING COMPIHENT
LAPRESSED VECTORIALLY

20
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Wit thie load skart eircwited, any eonvenient [haimt
#f Miinnta ooflase on the slotted Tine my ha
Beai s e Seeference paint” .

Tovivtormine KX by the pasition of wlenge oz
Frey PR :I!.'II.'I" T :r:l.l:: #0017 1g &l a rﬂc:cﬂqc Ill1i1]|.
az alwwn at wap of Tellowlng chart,

T aletornefine KX® by the positian af valtage mini-
wtiir, plaee the seale so 90° ix at a relerence poini,
i Faaewnt st leoliom,

The ansvwer is the same in dithor gase,

hwize to the “sharper® indication, it is grocrally
poviirable 10 wse @ minfmom veltaze point 1o (e
Te KX llowever, when nsing a relatively
ow Gequeiey, a halfwavelength may e longer
ihen pe slotied line and the minhmem vl L en
ez may Ll heyond the ends of the sletred line.
ia sucls gases, it is posilile 1o use a maximmn valt-
aze point in determining KX°,

The procedure is to shert eireuit the load and lo.
eaie five aminimam veltage point nearest the laad
esiel of the slotied line. Use this as the “reforonca
paint,” (I fhe wminlmem valtage reference [rain] is
a0t eluse 10 the load cad of the slotied lizne, chans
ithe leiath of the tranemission line so that the
miniam voliage relerence point Is near the Jnad
cni oi the elatied Nnee Place the prepared zeale
L#own in provious skeich) so that the sero-degres
mare is al the referenee point.

Remove the short-cirenit and locate the H-st Srais
muss voltage point from the reference mark (on
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0 sume applications, the load is conaected
to the end of the slotted line, withaeut using a
ransmission line. In this caze the question of wsling
e mindmum of maximug vollage point fn deter-
miiaing KX® azain depends on the requirel aperat-
ing frequency and the leagth of the slotted line,

directly
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coilurs (in which a voltaze minimum is used in
determining KX°®),

With relatively low frequencics, use the point
where the load is connected to the slotted Line as.
tha "reference point.” Place the seale so the 2ero
dezree mark is at this refopence point. The first
maximu voltage point, from the reference point,

is KX",
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As an aid in obtaining aceurate locstion of maxi.
mum voltage peinis, it is sigecsted that two volt-
age points of equal magnitude he selected, one on
cach eide of the maximum point, then choose the
distance hall way hetween these two points as she
maximum point, This same system may be used
to determine the location of minimum voltage
rHoinis,
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