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Smith chart, locate the point commesponding o
0.35 wavelength townnd the penerator from a
voltage maximusm, und #wr=2.22. Head tha mput
normalized impodanes gs 0.624-70.53 with respent
to &="50 chms. Now the mismatch loss at the
i by use of (3). However,
since the generator impedancs i honreactive, (1)
ean be wesed il desired. Refer to the following
parsgraph and to the “Notes on Equation (3)"
above,

With respoct to 100450

ohms, the normalized
impedanee at (ke ilinul input

is 0.314-0.265, which
the Bemith chart.

is found by T
(4). This is
LE4-2004-1.82=4 9 decibels.

> TRANSMISSION
" FREQUENCIES

% The pormal or

decibals/ 100 feet s
Sy A= 3:3—!3.,.-"2.’;+2.'?H‘rr"'1.+’,
l.?'lt where the total ling resisiagncs

/100 feed. (for perfoct
. surface conditions of the conductars) iz, for popper
>, eoaxinl finp

miniehed-ling Bltenuntion in

3L Re=0.1{1/d4 Jonnn
3-; and for copper 2.wirs opan ling
I;f;; Be= (0.2/d) e
X “‘h where D)= diameter of inper surfase of outer conxial
S 'ﬂl'ﬂdl.tlﬂnr in inches, d=diamater of einductor
PRy flﬂuu.l-hne conlar eoilurtor) in inches, J=1ire-
" quency iy megahoris, e= diglooirie constant rels-
® Lo mir, pnd @

»= power faclar of dielertris gt
frequency 1.
. For athar conduye

tor materinls, the resistancs of
Mctor of digme

ter d (mnd emilarly for D) is
0.1(1/d) { fiapfpe, 12 ohma/ 100 feat.

¢ Refer (g Bfction on “Skin Effect." in Chapter 8,
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BAnce frequeney in migahertiy
Yctan s load in mhog gt voltage stand-

mum, equivalent fo some or

coupling
ournber of fquarter wavelengths

=lond transfar eoeflicient or mateh.
ing facpg.

decays exponen tindly,

the line length

12 amall integer. The Josses
alent 15 t) i

short-sirenited ond {E), p.

(C) Lomded Q of & resonant fine {Fig.
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i in rescnator

from generator in watts
= Et'-"l"h?-

Fo= power transferred when load is directly cop-
nected bo genorsior [for singls resonators) ;
analogoms h}l‘pnli.hﬂliml pawer (for

Qe=doubly loaded

i (all loads bemg maluded)
Q.=singly loaded

@ (all londs ineluded BXrepl

pair of coupled Fésonators,
Qu, is the value for the first reacnator whan

isoluted from the othar, (Bimilarly for )
Qo= unboaded g

&= resistance load in ohms at voltage standing.
i cquivalent to some or 4l
s
o= resistance similsr ta
Fesonator
By= gonprator resistance, referred to short-cir-
cuited and
By=1oad resistance
8= R/ By or By/ By= mismatoh fuctor botwesn
generntor and lopd
By p ristio impedance of
pair of mesonators
fh=eleetrieal wngle from s
Wive minimum poing

By exeopt for unloadad

the firat of o

viliage standing-

(A) @ of & resonator (electrienl, mechanical ar

any other) i

D=2 _E““_"E-";m"ﬂ]__
(energy dissipated per oyele]
= 2y {enorgy stared)
{power dissipation) -
In & freely ascillating system, the amplitods

I'=lyexp(—xfi/g).

(B} Unloaded Q of o resonant. fne:

Qu=i/2a

being n quarter-wavelengihs, whars
in the lina Are equiv-
in & hypothotical resistor at the
244

By mx /40,

boEg

12) :
= (4R 2y + (4G nw ¥y)

= (4/nwZy) ( R, +EBA- G/ V).




Fig. 12—Quarter-wave lins with londings st tomigal
sbiori-cireuit asd opon-cireuit poinia

General sonditings:
RJE,.-T G Y10

or, roughly, =5,
(I}) Input admittance and impedanes:
converse of the equations for Fig. 13 pan
be used ut the resonance frequency. Then R or G
i= the input impedancs or admittance, while

By nwy/4Q,

where Q,= singly loaded @ with the losses and all
the loads considered except that at the terminals
where input B or 7 I being measpred.

In the vicinity of the fesonance frequency, the
input admitiance when looking into & line af g
tap point 6, in Fig. 14 i Bpproximadely

nrly f I~
e (‘;" +i2 ;T}

¥=G4jB=

provided
.I..r_'..r'l |r':'rﬂ"‘-'3‘:.| ¥

and
| [BU—£) /] eotsh | 1.0
whesn fle= nr/2=langth of ling at Jo. It i not valid
when #7220, «, 2, ete., exoept that it is good near
the short-cireuited end when f=fez=n
Bueh & resonant line is approximately equivalent
to & lumped LOG parallal circurt, where
wg' Ly Cy=(2ufp) 2L, 0y =1L
Admittames of the equivalent efreuil, is
Y=6+ilwl— (1/uly)]
e R . fo) /1))
Thm, subject to the coniditions stated above
L1= (4 €08} /nwug ¥y
Cr= nr Fo/ { ooy sin's) ) = n Yo/ (8 sin'y)
= o Yo/ {40, sin's,)
Q=waly/ G | fung LG,
Bimilarly, the inpul impedance at s potot in
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series with the line (Fig. 130 and D) ix
= = ﬂﬂ'.‘l‘.‘-”’g_( =Tl lf:.lr
Z=R+; 3 oo, Q452 Iu_"
provvidad

=kl

i) |
16 f—f) /f] tans, |10,

It i= not valid when B2, 3x/ 2 aia.

A SHUNT oR TAFPED LOAD

Ry = 125 /R) we? 8,
(=1]] -
G-H = G IlHIEI -'Ri-.'llzﬂ

I o

wi
G=lln

8 PROBE COUPLIEG. =
Gy = (wC'/G) sin® 5,
OR

By= 23 u®c"R win® g,
PROVIDED G 2 o2 ot

—eAAAo—

"
C.SERIES LOAD.

Ay= R cos®@

wid
R

= —

D LOOP COuPLING,

Ry = (o’ M"[R) con™§,
FROVIDED X, <& &

Fig 13—Typheal boaded fQuRrier-wave seclions with sp-
purent &y equivaleot to ihe loding &t disiance 8, From
voltnge-tninimum point of the ling. (hrter semductor not

ghowa,
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The voltage standing.wave ratic at FESOADGE,

an the generator (Fig. 15) ia

When Ry= R,

H= [E'l'i"Ru}j"HI

QI_ QH )

P=04Q..

(E) Insertion loss (Fig. 15): At resonance, for
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either & distributed or a lumped-sonstant devics
{dissipating Joss)
=10 I'DEJD{Fi."rPntJ
=20 loga[ 1/{1—Qu/Q,) ]
~2E.70u'Q, deribels
{ mizmateh loes)
=10 InﬂI‘li P'I".I"IFJ}
=10 logyl {14-5,)%/45.] decibela.
The dissipation loss alss includes & small addi-
tional mismatch loss due to the presence of the
resonator. The error in the form 20 logye{ 140470, )
15 shout twice that of the form BTG/ .. The last
expression (8.704/Q.) is in errar compared with
the first, 20 logul1/{1—Qs/Q.)], by roughly
—#NQ4/Qu) percent for (Q./Q,)<0.2
The selectivity is given on page 9-7, whers
U=0Qy. That equation is accurate over & gmaller

range of { f—%) for & resonant line than it is for
& gingle tuned cirouit.

At resonanoe®
P/ Piu= Ba/ (R, Ry)
e
O (RyEDG
where G, ia for the resonator loaded with Rs only.
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Fig. 15—Equivalent eireuits of & resonant oo for s

lumped tuned cireuit) as seen nd the shart-cireuited and

open-circuited enda. All the power equations i good for
elber himped or distribuled PAFRiGEL S,

* Whan the Boe is Fesorstad l.l:-' a reactive load (et
rx2), it in frequently preferable to wse ihe resistancs
form of the equation. Comparte R, by the method given
on po H-11, or on p, 24-5, whers Zy= Bl — 7B ).
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The meximum pawer transfer, for fixad Py g,
and £y pesrs when f= R, Then
Feat/ Py Q=) /(0.4 Qi=1-g/q.
Posif Pa=s (1=Gyf0, )3
P/ Pomi—~ (Qs/0,)t

When the generator Ry or Gy is negligibly small
{ thien == P &)

(Pio/ Bogy) = /(Qu—q)
{F} Power dissipation (= P):
P/ 2040 1~0y0)
For matehed inpul ang output Ry = &)
Fof Pa=2(Q/0.) H=Q4/q.)
=/ (for Q)
Fof Pra= e Q=)
FefPige= 2! (Qu-qy).
For generator ma tched by load plis spvity
FofPu=30,/0_
When the Eenaratar By or ) iy negligibly amul
Vo Pt} = Q/ (9.~
(P Pr)=0, /0.

(G) Voltage and earrenp:

At the current-maximum pojnt of B n-Jiariap.
wavelength resonung line

F.ﬂd“;ﬂi@
fl.- "-[{T_*—EF.RLJ 'I':I'l'zu s FIN% Amperes

st eyea]
[Hffﬂﬁﬁi}fﬁﬂlmﬁ '
When s generntor By or G, s negligibly smaf]

sy PO

2o Ret-Ro) /R,

(13 i |

The 'I-*-D.I-LIJEE and current ars i quadrature {jme
Phase

When B= R+ &, ang -

Fesred( BPuQufwZ it
Iha Jum])ud-m.ustanl tuned cirouit

=2 Pale(1-0y/Q,) 1o
(R R/R)XY | -
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(H) Pair of ooupled resonators (Fig. 16}
With induetive coupling near ihe shirt

end of a pair of JUirtar-wpye TEEONANL Jinag

k= l,'d,fr]m"f.-"'i-?n-ﬂ'm]”*.
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A, EQUIVALENT CIRCUIT wiTH
RESISTANCES as SEEN AT THE
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-p :Rlu'i' |l"::I
£
— Rll

B. EouivaLEnT CIRCLHT OF Figer
RESONATOR AT RESONANCE FReQy EMCY,

C. PROBE- COUPLED om
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D. uunnTEH—wmrELEMﬁ TH LINE COUPLING.
Fig. 16—Twg eotpled resonsines
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