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Abstract:

Bridged- T networks, though not unknown in the field of radio engineering, have received little
attention. Only the resonant conditions of simple symmetrical bridged-T networks have been discussed
in literature. This paper deals with bridged-T networks in general and discusses two typical circuits in
detail.

Using matrices and Kirchhoff's laws a general mathematical theory of bridged-T networks 1s developed
from consideration of a perfectly general theory applicable to any complex network. From this theory
are derived expression for transmission, i.e. the ratio of output voltage to input Voltage, under no-load
conditions, and the condition of null transmission of general bridged-! networks. Equations are also
derived for transforming these networks (as a matter of fact any complex network) to their equivalent
Pi-circuits, These equations are applied to determine the input and output impedances of the network.
Two typical bridged-T circuits are then selected for investigation, and the general expressions and
equations derived are applied to these particular cases to determine their resonant conditions,,
transmission, phase angle, input loading and output loading. These circuits are quite general since both
symmetrical and nonsymmetrical circuits are considered.

The circuit characteristics, as determined from the theory are then checked by experimental
investigation. Choosing proper circuit elements, transmission and phase-shift characteristics of both
circuits are determined for symmetrical and unsynmetrical cases. The experimental results are then
compared with the theoretical predictions and are found to be in good agreement.
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B:ciégédéﬂ;‘:, nefworiss;. thaugh net unkmown in the Field bi‘--radia
enginesring, have received ii'btle afhteﬁtj.bn, Only ‘the resonant condi-
tions of simple symmetricel bridged-T networks have been discussed in
'liﬁeratwe,a Th‘:i_s paper deale; vith bridged«T networks iﬁfgeneral and
R dlscussEf" 'bwo 'bjpwal eircuits in detaile . |
Using matrices and Kirchhoff 'fs lmsrs, a general ‘mathematical

theory of bwidgedni nBC-T’IO,c‘kS is develaped from consideration oi’ a per=
fecltly gener&l theory applmable 0 any ct:ample'\: networks Frow thl;a
thedry ave derived expression for transmission, ise. the 3;"&'1’:10 of ou%,p‘irb
’».vol’,c.age to inpub voltage, under no-load conditions, and the condition of o
"l dransmission of general bridged-T neﬁwaiks; EBquations are also
derived foz"-transfoi%mng these ia_eislwa'rks {28 a nmatter of Fact émy/ compléx
network) to their equivalent Piécﬁ;mﬁi'bs?; _These equetions are applied ‘
to. determine the input and oubput impedances of the netrs;érkd,. ‘,}.‘v{o. typical
bridged-T circuits ave then selected for investigabion, and the general
. expressions and equations deyived are :..pplied o these parbmalar cases
to determine their resonant -eo,nc]mrbmns,, transmissiony phase angle, :mpu‘b
loading and outpub: 103.&111‘,, These cirevits ave quité genersal since both
_ symmetrical and nonsymuetrical clrcuiis are considereds.

'The cireuit .ehéracﬁeri‘sticség_ ‘an deﬁsqrmined From ‘the theory ave
then éheéked by experimental 'inVes-'bigation-i lChoosi‘ng proper tCi;}?Gui'b :
elements » transmission and pﬂase-shlfh chavacteristics of both cireuits
are determmed for symmetmca.. and unsymnetrical Cases The experimental

results are then compared with the ‘oheomtmc pI'@dlc'ﬁn.OﬂS and are found

t¢ be in good agreements
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5.

Introductions

Frequeney selective networks combaining inductance and capagis
bance have been extensively discussed in literature and widely used in
practice., Bridged-T networks of simple types have been ia use as wave .
traps gince pari‘ec‘iﬁ suppreseion of a single frequency con be easily
obtoined, though congiderable dissipatien is present in the components
of the circuit. Rejection charactoristics of antivesonant oircuits or
their equivalents can be improved by the addition of resistanees in such
o manner as ’\tg i’o:;m a bridged-T network.

_ In beidped-T networks the couponent values can be so chousen as
‘b0 produce perfect mull at o desired frequency in either the audio or
radio frequency range. Since these circulbs are four terminal networks,
this property of perfect balance ab resonanege has been utilized to a
limited extent in alternating-current bridge measuring instruments for
Hmegguring inductance, copacitance, resistance, guality factor, ebte.

But in such use of these circuiits no abttenbtion is paid to their freguency
vesponse Oy phase-shifl charachberistlics; the nnly'mquiremenﬁ being a
goud baleizf:ze at the desired frequency.

The other property of bridged-T networks is their selective

regponse over a band of frequenecies, The selectivity and phase-shift in

these cases cen be easily controlied by variation of circuit paramstersy

this variation being much more flexible than in the case of an¥iresonant
circuits. In view of this advantage bridped-T networks may be used as
wave Lilters having The desired frequendy respoénse chavacteristic over
the ‘desired band of frequencies, and also as feed-back circuits in
vacuun tube amplifiers.

© In operation; bridged~T nebwerks are very simple, the genera-

bor and the load being directly connected across the :Ixipﬁt and ontput,
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respectivelys without requiring a coupling transformer, Horeover, no
balance~to-ground operation is vequired, the ground terminsl being
comaon to both the generator and the load. Hence they vequire no Wegner
egrth co&}nection@ Their disadventage is due to insertion less sinee
they dbsorb power from the inpub.

To the autﬁc;a: fs kmnovledpe wery little work of any investiga-
tlonal nature has been done on bridged~T networks. Only the resonatd
conditions of some simple bridged~T networks have been discussed by

T&ﬁ'blaal In view of the pussible wide applicaetion of bridged-T nebworks

‘and in view of some of their inherent merits; & systematic extensive

investigabion on these circuits was boken up. This paper deals with:

l: A general mathematieal theory of bridged-T networkse

. 24 Transmission and phase-shift characteristics of two typieal ciyeuits

for different wvalues of circuit g,

3. Pransmission and phase-shif’ characteristies of twe typical cireuits
haviag civenit parameters bearing ne simple relationship with each
others '

ki Dependence of circuit~selectivivy gnd phase-shift on cirewit 0 and
degres .of dissymmetry of cireull paramsters.

B Qomparison of the experimental wesuwlts with the theoreltical worlk.

1, ¥, M. Tutble, BRIDGED-T AND PARALLEL-T CIRCUITS FOR HEASURELENTS
AT RADIO FREQUENCIES, Proc. I.R.E, page 23, Januvary, 15h0.
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Tlie Mathematical Theory.
The theory of bridgeti—T networks will be developed from con-
sideration oi a very general mathematical theory,-*~ which may, with

requisite chan es, be ap lied to any complex four terminal network.

lietwork transmission and resonance

The network transmission T v/ill be defined”™ as the vector ratio
of the output voltage to the input voltage E1, under condition of no
load. This condition is closely realized in practice if the load connect-
ed across the output terminals has a high inped nee. For the no load

condition the expression for network transm ssion, as derived in appen-

dix la., is
U.
F——— VWNAANW— 1
K==W —— 1 — AVW-J— %
1 X1 Z, :
Fig- 1.2
1. M. B. Reed, GEHENAL FCiIMJLAS FOR T AND R- Lri.TS,

Proc. 1_.R._E., pp 897, December, 19U5.

2. L. Stanton, THIEORY AND APPLICATION OF PARALLEIr-T RESISTANCE-CAPACITANCE
FREQUENCY S LECTIVE Kid i0KKS, Proc. 1.H.E., pp Uh7, July, 19U6.
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It may be noted that the network transmission T will be zero
when the numerator of the expression for T is zero. Under this condition
the whole circuit appears as an infinite impedance to the source. This
condition is called resonance, since the behaviour is similar to the
resonance of a parallel 1z-C circuit. Hence the condition of null trans-
mission or resonance of the (general bridged-T network is given by the
equation
Wow +2z2123*Bz4=0 .. ... .. ... 5.

where the disposition of the component iImpedances Z1, etc. 1» shown in

Fig. 1I.

Equivalent Pi-circuit.

In order to facilitate the study of some of the special char-
acteristics of bridged-T networks, the given circuit is transformed to
its equivalent Pi-circuit shown b. Fig. 2. The relationship between the
component impedances of the equivalent Pi—circuit and those of the origi-

nal circuit, as derived in appendix lb, is given by the following equa-

tions.
7 , "l . a3 /3
’ r
Z3
Z0 = * Z' %- .ﬁ B‘b\ % 2)
Z1 |
' I
.= Te<F R LR aA - z1z3 ) o O
. 2,2+ 7227, + Fig. 2.

From the equivalent Pi-circuit it may also be found, as given in



appendix lc, that .=

. B, 1 .
¥ st N - L M
T I e e - NSRRI R S R R e 3.31‘5'
Ei‘ ol e ﬁ(}/ﬁ‘g ' o ’ '

If in this equation the values of Zg and Zpy ave pubsbituted from Eg. 9y
the expression for T is idemticel with that of Fge Ly as it should bee
"“11e Eq—é. 11 ‘cleaxﬂ;v Indicates thet "ti'!a:ﬂsmissién"i‘ ig webo when ‘c;he ratio
ponen‘b mpedances,{g. \Zg/ZB is infinibe only when the deﬂom;&&tor of Z4x is
mero; bhab is B ‘

Z1Zz e zzz3 e Z1z3 + 2324 = ES '.)’i‘v‘nr'e'lio'-:i;_'.ioffﬂfﬂi‘.h')i"vP. 'vi.ir#ﬁ;‘m:q;i’—‘&v’e". 50

which is the spme condition for null transmission as derived earliers..

ﬁ'apu‘i; and_oubput lﬂacﬁng&

RN

Bridged.{.t‘ nelworks plas::é a lqad acrcéé the séﬂr;se as well as"
the detectors Thése loads can be determined from the equivalent Pis
cirenits Both the inpat. and oubput "J-.eading vary with frequency in a a
complicated rﬂamlerand are extremely difficult to determine theoreti~ -
caliyﬂ Howewver, it is reiét.{.%rely eam* te finc}, theare‘isieallm “the loade
ing at vesonance, mm‘e ‘the mpedam.e Zpe i then mle.mte. The :m;mt
and . out.pub mpedances of the c::.rcmt are Zy, and Zg, respec tively, where
Zp and Zp are given by Egs 9 As the frequency deviates from rasonarvee}
Zg is ;o longer infinite and hemee both the inpub and auupu'h impedances .
yary in a mamer which could b.e eistemmed— experimentally..

Input impedance at resoiance = Zp we seeenssscisoesodolle

. Gu‘b};mt i@edmﬁe a’i} I’@St}nane@ = ZB BB 0. B DA 0GR O 01,613,@
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ilieim are the impedances at resonance which the bridged-T circuit puts

in paiallei Lit;i tee generator Jid the detector or load*

Bridged-T Ketwork Type I*

Tk first bridged-T network that was investigated is shown in
Fig. 3. In this circuit
the bridging arm consists
of an inductance in series
with a resistance, which in
some cases may be toe coil
iesistance alone* The arbitrary number k gives the degree of dissymm-

etry O1 Lho circuit* |If k — I, the circuilt is symmetrical* The two

equations that the circuit must satisfy for null transmission, or

r 1ionance, are dev. loped in ap; oneix 2a. They are

RRs = k/(wcfF ... 15.
I +k

and LS = ——— . 16 .
@ c

For a symmetrical circuit the conditions reduce to
RRs= I/(*>cf
tolLs = 2/coC,
which arc exactly Tuttle’s conditions of resonance. From Eg. 16, it mayl

1. W.N.Tuttle, BRIDGED-T AND PARALLEL-! CIRCUITS FOR MEASURE!,ENT AT RADIO
Fih tUr.liCIES, Proc. I1.R. pp 23, January, 19U0.

F.E.Terman, RADIO iMGIIbiER«S HANDBOOK, First edition, pp 918.
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be observed that the resonant frequency is the frequency at which the
two capacibies ip series are in parallel resonsnce with, lLige ‘l‘hﬁs ab
resonance the circuit behaves as if an antiresonant cireuib were placed
series m*bh the line, Henece Bgou 16 is the frequency det emm;mg
eqguation which fixes the rescmaﬂ‘h frequency of the cireuit, IF Bg. 15
is satisfied the transmlsﬁcm will be zerc at resonancej otherwise it

will simply pass through a minimm at the resonapt frequencys,

Cirenit tranomission.
The expression for circuit transmission under no. load condis

tign; as devived in appendix 2b, is

iy
]
|

. 1,
T et e @B d o e wigrorvas f@

a'TL T

Hence the magnitudé of = is
1

Tl = o R ————
J [1 4 u, _,,: -3l

and the phase angle @ of Ty de.ecey the angle by which E ﬁlezaﬂs or lags E,

I

0.0 0 Ug.0 e ee-0 t\&;o»ﬂ 'ala'd

is
L I . 1 kol s ' N
Q ﬁ*‘ wtam lﬂﬁYm ) k .Qo GG wdP0deEetdn ey 019.0’
where £ ) ) _actugl frequency
Y Z i D i T

o, resonant frequency
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k. Q. = Qg /iy ¥ quolity focter of the coll indudine
whe serdes rosivtotice, 48 ony.

Theso simie é:zgsmmmﬂ for 7 and & indicoote thob ab TREONANCty
vhien YR I, the trupeniesion Lo gewo mnd };ﬁhﬁﬁg :51&':: is L 90 . For high |
clroul soletivity oiferesonnes Sremsmlosion mst be high, viieh ccows
whon bobh §, ond I ave Iovee. 3% ooy bo foted horo whot For o piven
valus of € ond of £, Bisher vwolues of L will mﬁmmﬁmﬁﬁg .Emﬁémﬁi‘%ﬁﬁ;ﬁ
Bighor woined of Ly oo consequently Mighor O Too offocs 1o Shorufore
crindative tovapds highoy solootivity, Uowoover, lavger wiltes of &,
ama I il produce Isso ‘phasa;vﬁiﬁii‘% uk Ereguoncios off resenonecs ﬁa’zﬁw
rerdnen trancoiasion 2% o ghven fxequoney will oleo eoryocpond bo ainioom
phose~bift, Tho hose-ghift chovecterisbie 45 o.os bk the phops aogte
dﬁmm o both aides of the ';é%ﬁm% MEeahsaseiviay ol

Thore ope sono Limdotions apainet the uee of hisher weluss of
(4, @nd ke Ope Idwitoblon apsiust the veo of high waluen of & is thob 4%
males the copaelty G/ of Fig. 3 omntl fop o glven voluc of Gy Lpdor
puch clpouosbancec the offvel of slvoy copseity w31 bo noticedbie, The
ciines of sheay copeaity io nerlintblc oy z;&.m i dg sndll wonpeved VItH

Tho offcative wpneity OO + Bof the clveuiby

Inothor Moitotion 45 thad hishes vwilues of k cod 3, will

Inewence the duout ond dubpet leading oo i ovident from Sus. 23 nnd 2.
Hiohor dnpub loading womne cwmling tho pencrcbor by the netvorl,  Home
Lor cuoller duub losdine both k oud O, chould be owsil, Fow low oubpad

doading 4, showld nob be vory Iorges Dot k ohould be looree




Toput and outpub loading.

The expression for input impedance ab resonance; as derived

in appendix 2ey; is

' Tk g o
I Zigl = "“‘";“""""‘"" < B 4/ 1 lﬁ»},‘: fe . bk wmwgzsgwaBm
2 : H o ,

For  small loading of the source (Zjs| must be large., Hence R zms%‘
sssentially be large. Horeovery for Tow ,laacliﬁg both k and Q, shéﬂd be
small as hes alieaéy been ste:tledw Thﬁ.s the ‘Valués of k and Qo should be
80 selected as To make a comprogise bebween high selecbivity end llm’{
inpub~Loading. | .‘ ” '

The outiau% impedemes of the circuit ab’ resonancey as found.

in agppendix 2¢s is

~

| CPout)e | = (1L 4k) R 4/' 1+ 1/ 4 wewsases gl
For low ﬂu*ﬁpﬁt 10‘a&i;ag glso R must -be'?;argew Small walues of.Q, and
'larg-gf, values  @£’ k are def\siz’able-a,r '
It may therefors be mentioned that the values of k and Q,
should be ca:r:éfﬁll;yf chosen so as 450 make A veasonable eompronise bebween

network selectivity add inpuwt and ontput loading.

Bffeet of stray capaciby,

It should be noted that the eapaeity cf,%he Junction peint Q;
Fige by with respect Lo ground is not withowb effect; since the impedance
level of the point O a2t

resonanece is highe. The

: g
capacity of the points _ B
A and B with respect e - —

ground are aseross the




_source and the detecboy; respectivelyy and henece do not affect the
civeuit behaviour. If the effect of ¢ is comsidered, the conditions of

resonance zre altered as shown in appendix lLa, They are

[

R‘SRS = k/{w{}) 09 B0 0 ol 600 G-B & Uy &vé"onq 6‘3-551

I+k ka.

and _OJ Iis = Skt T e i . 15.6.8 ¢ ¢ 6 0o 0. 016 6~6£10¢.
ws L 4 k)C. :

These equations show that while the first condition remalng unaltered

the resonant frequeney given by the second condition is slighitly increas-

ed by the term ke¢/(1+k)C. In order that the effect of o will not disburb
the circuit behavioury ¢ mist be very small compered with G. The effects
ive capaoityf:iﬁ preseuce of ¢ is given by .

%
. Y

g =
(I+k) G wke

PP A -y wy L!:lﬁ

vhere ko is the corvection termy and this should be small compaied

with {14+k)C,
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Dritli;c;i-T lletaxjrk T>pe 2*
The second brld”~ed-T circuit thut was placed under irzvestiga-

,h,-Tn 1 . . SI. -he
bridging am in tills circuit
ccffisists of a sinple resistance,
while tlie shuntin; am consists
of an inductance in parallel Fig. 5
with & re !Istance* As before, tliemmitude of k r presents the degree
or “v.jparturi fron a cymnetrical network* TIit two equations that tho
circuit oust satisfy for mill trannniscion, or resonance, are developed

in appendix 3a. The. are

BJip = VCHCIE ... )

For a cynetricul circuit k * I, and the equations reduce to

-ip - i/(«F

«@lLp - 1/2*0,
vihidi are exactly Tuttle*o conditions of resonance. It nay be observed
fron "g. 29 that t)ic resonant fre >:ncy is the i"regn.-ncy at which the
t o c- acltioo C and. C/k in parallel produce rwtonunc® with Lp. At
resonance the wiiolo circuit beiiaves as if a coa]x?ncated series resonant
circuit, van placed across tho line shuntin the source* Also, Egq* 29
is the frev-u .ncy determining equation which fixes tlie reoexiant frequency
of U circuit, if Lg* 20 is satisfied the transmission will Lo uoro

at reao;.iancej otherwise it will ueroly pass tlroufh a mninun at the
resonant frequency.



16

Circult transuissiong

The expression for cirvcuit transmission under no load condis=

tion, as derived in appendix 3b, is

T - " 1
AR ]

k K4 oadaaejoacau.ewuoaBObr

Hence the magnitude of T is
1
~ 2
‘\[[-l‘h Clw'vv?-. 1§k° %) 1

. And the phase aﬁgle of Ty leeey the angle by which E, leads or lags &, is

| 7| =

Ftebas e ds sue Iy

o= tan Y L+k
. L =% i

£ Qu' BONG CrbaUCVSERNSIO G T O 6—32-0

where ¥ represents the .fractionai detuning fr;am vesonance, l.e., the ratio.
of the actual freqﬁency to the resonant fregueﬁcy,} Q, represents a ratio
of the reactance of the coil at the resonanb i’requeﬁcy to the resistance
Rps Leges Qp = QLp [Rye

These simple expressiouns for T &nd © indicate that at resonance;
whe'xi Y # 1, the circuit transmission ig zero and the phase-angle is :’.,’9{39 o
For high selectivity of the clreuity ofi‘,--:resonance transmission n-mst" be
high which cecurs when Q_ is small and k is largs, Horeover, smaller
~ values of Q  and greatexr values. of k will produce less phase shift at
frequencies off resonance., Hence maximum ti’ansmiséion‘at a given fre-«
quency will also correspond fo minimn phase shift. The phase shift
charatteristic is such that the phase angle dé.creases on both sides of
the resonant fi"equéncye . |
| There are limitatﬁ.ons against making Q, too ﬁ;mall and k too

large. If §, is very small there is heavy input loading. Under the




limits of proper ihput loading, the best value of Q, would range from
042 0 Ls if k ig made ;afge the -effect of stray-c@mxﬁi§'will'éffect
the circuib chavacteristics. Hence in desvigniﬁg the elrcuil a compro—
mise‘should be made betwéen§highTs$leativity'an& ldwnlcadiﬁg@r‘ |

~

Input and outyum 1oad1ng,

The expression for mnput impedance. at resonaace, as derived
in append&x 3¢y is _ | '
( ' 1'4-‘,1: W, L - y
‘&'Lol = i ,\/[_('L " l/Q ) ] C w?.n..\,.’,g‘:3 é

For small loading of ﬁhe s0UrGe the‘znputilmpadaﬂce must -be WQrgey This
réquires that lDLp be large and also Rp be equally 1argeh Tor “a- goqd
compromise between high select1v1tj‘and low loadlng a d351rable valoe of

Q, is 1y whence

The.buﬁput impadance of the cirveuit at reséﬁanéey'és found in
appendlx 3e, is

T o |(z§ou-b)ol== (1#1{) CDLP/,J[J. *l/Q ] ' .élc.&d:érq;@t.vbﬁ‘é'a‘?é .

For low oubput loadlng “%gg and R should ‘be 1argeQ

~
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Effect OF ntray capacity.

As with th- previous circuit, the capacity between the junction
point 0, Fig* 6, and the ground has a modifying effect ON the circuit
behaviour* But since in
this circuit the impedance
level at resonance is very
low, the effect of c is also very
small* As before, the capacity
of the points A and B with respect to ground are across the source and
the detector, respectively, and hence do not affect the circuit behaviour.
ITf the effect of this stray capacity c is taken into account, it is shorn

in appendix Wb that the resonant conditions are

RRO= KD e 28.

and ld * - ——m—— — * e e e e e aeeaaa w-

These show that while the first condition remains unaltered, the reson-
ant frequency given by the second condition is slightly decreased due to
the term c. In order that the effect of c would be negligible, C must

always be large in comparison with c. The effective capacity including

c is given by
C = (14K)C/k + c.

This equation indicates that c is effectively in parallel with the two

capacitors C and C/k acting in parallel.
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Experimental Setup,

Experimental investigations were undertaken on the two typi-

cJL bridgeti-T circuits under discussion. The object of these experi-
mental studies Yfas to determine the transmission and phase-shift char-
acteristics for different values of the circuit parameters*

Experimental setups arc shown by the block dia rams below.

7 the ar for measurement of circuit trans-

Missionf whereas Fig. 8 shows the arrangement used for measurement of

IJhase angles.

Network

Fig. 7.

Network C.ReOscillo
scope.

Fig. 8.

Iloninductive resistors of the composition type were used in

the circuits. Both mica and paper dielectric capacitors of high quality
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*.-'u’ex'é used, hence the condensers were 'Basémially le'ss"—vfrcée., The cix cul’b
elomerts were always measured in an mpedance bridge to check the:c.:" '
,mc,rkedk valuess . The outgut impedances of the audio osc::LZLla%Q_rs. “;tssd were
specified as 509 ohms and they were practically free frém ha:éxﬁémiésg The
E,g,F.Oscil_iaﬁor had different ouﬁpv:t 'impeda,n’ceé' at 'i‘izs‘ difi‘uevén‘b ranges,
and contained appreciable harmonicsy The input impedanee of the detecte
0T, & vacuwm Hube vcltmetcr, was above several meghohms even at the
‘ highesfb radio. fa:'e_quan@iss' used, so that Hho 1@&:;1 contitions were traly
Pulfilled, | - - _ |

_ Giﬁcui‘h transmissions weré neasured in the usual ways The
phase engles were measurod from nhe dluensions of . the ellipses formad
‘on-the osck 1105-30}:15* seveens If b mﬁercen“o alang the me:ic; i‘mm ‘Lh@
‘center of the 8111@5633 a = maximun homzontal distance of pro,}ecmen of

the elllpse along the X“'&.Xléig

.1 b Co T =1,
S The g:hase -at}gle.:l* is given as 0= Sin  b/a .

1s BoHls Schulz and LaT Andewson, EXPERTHENTS IN h.LLCTRQﬂIG AND
 COMMUNICATION EI&GﬂIE‘ERING, pp 1655 o
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. Experiment on cifcult Le

Bxperlments on this clroult Fige 3, were conducted to deter-
wine the transmission and phase shift characteristics for different '
values of coil @ and for different values of k, both in the high and

low frequency regiong

1, Low frequency region:- Between 5 ko and 20 ke,

.The circuit de51gne& for theso measurements was symmetriéal;
the valuos of R and Ry being so seleated as to make a compromise between
circuit selectivity and circuit load;ng, The series resistance Rs and
thé‘shunting resisﬁance,ﬂ had different values for each value of.-Q°

‘used. For each set o; data Ry was flrst selected Lo give the deslred _
© Q, and the value of R was finally adjusted during exyarlment unbil the.
circuit transmission was gxactly pill at W@sonénce@ At this point the -
vesonant condition as given by Eg. 15 was satisfied,

. The 1nductance of the c011 at 1000 cycles and Bhe resistance
'ng which includes the coil resisbancey were meaaqred by an impedance
bridge, The Q of the coil was measured by the same Bri&ge at 1000 |
c&éles and its value ab the resonant frequency was compubed, assuming

G- t0 be directly proportional ta‘frequenqy'within‘this small range of

frequegcy@




’ .

Ly = 5425 nhe

£, = 13485 kﬂ@
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Table 1g
M e

Civouit 1.

. C.26/k'® 0s05 uF, .

}x."' =3 l‘&: I
Q, = 05 x 13,85 # 6,925, .

Ry # 62 ohmsy -
R = 870 ohms,.

Transmission

Bin Bout ‘leOOa

2p

Phase angla:=

Ein & 10 Vcltﬁc
2a  bja

10v 9475 9748
e 9h8 ol
¥ 8,8 88,0
t 7.8 750
w 58 ngﬂh
L Lo
W28 27,8

S L4350 135

" 0. 0

i3 163 3_.-'3'_6.’0 1

W Esl& 2’«1‘50

L 36T 3740

u .05 50,5
”_ \ 6 -,2.;, 6)-&00
" To 115 7)49 5

L 8dE Bl

P90 9040

9,65
1343
L7a3
19,5

_1.8;2 )

18,6
9,6

35:7 0427

318 04839

27:h 0,713

Pl,5 04846

169 0,923
.3.0@0 496
db e

e s &

45 Togds

. 9 ¢3 Qu@ég
1,5@0‘ o¢.9h7
20,8 . 0.88

2303 - 0,782 .

27.2  0.673
30;’8 5 OQEBE
30,9 0uhi37

32,5

15,7
22,8,
155
57@5
6735
17T

=50

: 75':@50 |
| T2

617
51,5

42 ABO

o
32,1

' 25.9|
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N - Circuit 1. |
Lg ® 5eR5 mhy ¢ 2G/kE 0,08 i, ‘Ra:*:BB,w? ohing.e
£o & 13,85 koo k# 1, £ ¥ 1500 ohms,

Q. = 0,94 2 13.85 # 13,0

_ Pransmission phass angle

M kﬁ Bip  Bpgy 1200 | 2 20 /8 e
¢ .

047 9570 |10v 987 98,0 | 6.0 333 04a8 104l
08 10,8. | " 9.5 - S | WO 36 6 185
0,85 1,76 | " . B8 88,0 | 1385 9.5 0.h7 26
0,9 126 | ¥ 76 | T6.0 | 366 2B 065k M0T
03 3289 | M 6,28 625 16,3 (2LL 0773 506
06 2329 | " b3 L3O | 127 139 095 668
DOB. 13,86 | 0. 2,3 230 | 3¢ . ws T 04,
10 1388 | % 0. 0] e ew i s
168 -' Ehniﬁ o Baly 2he e p %8 " es

e B2 | v BT 370 | kS Tize  odn S
T 1822 | F TR TR0 | 16,0 - Bhel 0,686 s
LIF IS | ¢ 845 BLS | 15.3  26uh 0,88 35l
T 26,6 | % BB . B80| 12,0 28,9 0uas | 2kS
1,3 180 | * 9.h 90| 9.k 30.3 0,31 18,

Ll 19 | " 96 96,0| 7.0 315 0,222 12,8

......




.. Ls = ‘5'§’25 mh.a

£ % 13,85 kes

L

2l

. Circuit I,

¢ =0/r= 0.05 pR,

ARS & 9,3 ohms,’
K = l- . R 35250{} ohms ¢

L Qe = 3.5 x 13485 = LBul, -

Transmission

" Phase’ angie .

-

|Vf.
ke -

Bin Bowt T€00 .| 26 - 2a ‘bfa- @

047
0.8
0485
o -,;9'
0.93

0,96

0,98
1.0
1,02
1,0k
1,07
11
1,15
142
13
Tok

9,70

10.8 -

11.76

2.6
12,89 |

13.29
13,56

13,85

1h,12
ks
11,82
15,22
15,91
16,6
18.0
19,1

"

lOV j:l.(}v:\ 3 ) 100@ N -‘. 395 | '38 @8 " Oﬁog j t. 592

9.9
ot
9.4
8.0
7.0

BT

0O
3.0
8,29
8.0

.f‘sa93

' .A9-¢’4

7

9.7
9,82
949

97,0 | 9.0 367  o.2ks  wd |
91,0 | 135 351 0.385 22,7 |
BlLL,0 | 1647 33,1 0s505 303

990 | 30 38.0 0,079 LS

99,0 | 5.8 37,0 0,157 - ¢

70,0 | 19,8 28,3 ou7hiz %9

16,0 | 17,9 ‘20,2 | 0,887 62.5
30,0 | 237 151 0w908 68,2 |
62.5 |19k 26,7 0727 l6.T
80,0 | 17.1 301 0.569 37
89:3 | 1§ 33.0 ol 268 |
O | LT Bhik | 0.3 19.8 |
97.0 | 9.0 350 0.257 kg

98,2 | 5.3 37.0 043 - 8

[
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PHASE-SWIFT CHAKAUTSKISTies ,

CONSTANT mnel.

rjtcavrNCY jorviATiOAl r

CIRCUIT

I,

Civj
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2, High frequency regioni- Bebween 90 ke and 200 ke,

In these medsurements circuits were designéd’ for cﬁetex'mination

" of, h‘ansizﬁ,;i'si,on characteristica for different. valﬁes of Q, and ‘kﬁ; ,'Suit-'r»' :
able {ralues of §, ‘having a‘wide range were chosen. The experimeﬁtal
procedure was exactly the same as before with ’ohe excepbion that. the
inductance of the co:r.J. and '.'L'bb qual:a.ty factor were measuxred in & dl‘?fel‘-*‘ ‘
ent’ way. The co:.l and a variable dacfade ¢apacitor were connected in
pamllel to fov-m a pa:rallel resopant ci qul'ts A pentode ampiifier using'
a type 6SJ7 tube in'a stgndard cireuit m.th the resonant clrcult as its
'lead :meedance was Dull‘b up x }Eeasurements wer@ ualx.ﬁ')fl a’c a wequcncy

ver:)f clase to the resonam frequency of the bridged-T cir cul'ts under
e*cpemment From a knowlec’ége of the resonam+ i‘requency of the’ pen+ od@

'ampl:.f.:.er tank c:ch,ua:b and the ga:.n of tbe ampllner, ime CQZLl mciuctance

" and Q, were computed as fcl_owzs:-

.= 1/(2nfof ¢
'wh&rc-z G is ﬁhe tuning capacn:bw
‘ ' Amp fier gaz,rxl = ng/ano Cy

| 'zmere &n = 1600, is the mu‘bual conductance of uhe tube (measured value)a
I% ma.y be noted here that the resj.s‘aance R :Lnnludec’n the coil. vesmstanee :
' plus the series resistanca it anyn The Q at mn‘y other frequeney and i bh
other values of the realstarce RS o5 computeci b;)a noting 'that Q _.s ci:.roct—-vﬂ
1y prepovtlonal to 'bhe ffequency and 1nve':'ael:f p?‘Oper‘i}lonal to tha :ees:a.stw- i

“ance vuthln this small rang,@ of :t‘z*equency vara.atmoz’,

[

1. ¥ 8. Terman, RADIO ENGINEER'S HANDBOOK, Firs'b Edi:bion, pp U35«
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The experimental data is given in tables IV through X, the corvespons

ding plots for different Q are shown in Figs 11 and those for k in

B‘ig. ,12@

Table IV,
Gireuit 1, o
€ =Cf= 0,005 pFe T = L3 ohms.

Lg = 618 ph,
£o =129.5 ke, | X =L, ., R = 10,000 "
Heasured amplii’iéa‘tiﬂn at lll;j'kc =10h. . I—Iénca, Q, & 107.
V. £ N Bous 00,
0.7 90,5 obv Oodv 100
0.8 103,5 u S 300
0,85 110.0 u 0.398 9.5
0.9 L 116.5 0,5 o 99,0
093 . 120.5 z oy 98.0
0,95 | 123.0 " ol 98,0
0.97 195.5 . 0.8 96,0
0.98 127.0 v 0,425 ' 85:0
0.99 128,2 o 0:32° 0 6D
1.0 129,85 v 0,08 . .. . 16,0
1,01 1310 " 0.26 52.0
1.02 132.2 v 038 6.0
1.03 133.5 "o 0.35 87.0
1,05 13640 g8 9640
1407 138.5 # 0.5 - 100
1.1 142,5, . n 05 100
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Table V. |
‘ o ., Circouit d, _ -
Ly =618 xhy ¢ == 0,005 /4}3‘(4,-' .. Ry 9,3 ohise,
£, =129,5 ke.. _ =15

Q, =107 x 13/9.3 = 19.5% .

7 . B, E 100,

Os7 C90,5 o v Oak v 100 .
0.8 103 0:5 09 980
0,85 110.0 K 0,49 98,0
oo mes o oas %0
0.93 20,5 v 0,18 96,0
0,95 - 12300 t 07 - 9L.0
097 . 125.5 u o2 8o
0.98 ~ .127.0 ok 680
0,99 128,2 0.2 10,0 -
10 0 1895 © om0 0,08 16,0

oul

1,00 . 1310 i 0.2 R X
1,02 132,2 " 0632 61;0
1,03 13345 w038 . 760
1208 1366 0uli6 92,0
1,07 138.5 . oy 58.0
L.l 25 0.5 w0




Ly 618 uh,
£, #1295 ke,

Ce7
0.8
0.85
0,9
0,92
090,
0,96
0,98

0,99
1.0
101

L.02
1,03
105
1.07
L.l

ke

90.5

103.5
110,0

16,5

n9 .:0

121,.5
12h.5

127..0
128,20

© 18%9.5
1310

132.2
133.5
136,0
138.5
2.5
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' Table VI,

Circuit I,

G =G/ k"“;‘ ONOOS f‘F*”

k=L,
Qo= 107 x 4.3/15.3 = 30,

Okt v
o
o

0.5
1
"

S

-
ar

T
0
1
n
i
1

43

- E&u’c

Oy v
0.39
0.385
0l7
0.46

“Rli55

0,395
0426
04155
0408
0.16
0,24
033

0.h2

016
0.5

TRLO0w

100
5765
9642
o0
92,0
9140
79,0
52,0
31,0
160
32?5;0
LB.0
66,0
Bli0
92,0
100
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Teke VIT,
. Cirenit e -
| I # GI8 b € == 0,005 Fy Ry % 26 Clumer, -
2, = 129:5 kos. | k= Ly '
Q, =107 % L3256 = 17Bu |

7. £
ke

0.7 908 Ousv v 200
048 103,85 . 0 039 975
0,85 o0 0.4 07 90
00 136, B ks P20
Gigr . xB0E w ols 860
05 - . 1230 " 0,38 O
0,97 1855 0,28 5640
0498 1276 0,18 340
99 1282, ® - 0.k 26,0
1,0 199,85 ¢ Loy 180
.00 WL Y 643 26,0
202 \Re 8 0,18 | 3650
1,03 WhE v o2 - Mo
LS 10 r 0335 67:0
107 1S v 0.9 940
LI e S S X 50




0.9
0.93

0,98

0,97

0,98

0,99
" 1.0

1‘@;01
1 1302

1,03 -
1.0l

1,05

92,3

. 95»5

977
991

100,5 .
’ C101.6

102.6

10348

1048
1058
10649
10795
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Table ‘}I;"_I.'_‘I_:
Circuit 1.

C = 0,024T,
f, =.102,6 ke

B, = 90
Bin Bout
Ot v Oudt v
" C Oul
W Okt
" 0,39 |
" 038
w0l
© 0,085
n 0.32
" 0,37
1 0,39
s 0,398
B Oult

C/k = 0,0054F,

Ry = 13 ohmsy -

X160

100
100

100

972
95.0
8540
21,0
8040
9265
97.2 -

' 9955
100:
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Table‘ mu‘, ’

Ciyrcuit 1 g

. Ly = 6184k, v ' C = 0.0LpF,
Rg-® L3 ohms. o . . C/k = 0,005,F,

£, 2 112,7 keo . k=2,
| Q.= 92,2, |

T2100

T ie ; Ein Eout.'
0.9 101.5 Osh "v Ol v 100
0493 10hs9 o 0.l 100 -
0,95 107.0 o Ol - 100
0,97 - 10943 o 0,395 59,0
0,98 . 11044 B A0;38_ ' 950
0,99  MLs " T R T7aS
1.0 w2 om 0,08 20,0
1.0L° 1139 . - 0.5 0,355 TLe0
1,02 15,0 o osbls 88,0
303 16,1 " 0478 - . 950
. 1,05 R ET A u 0.5 © 100
1,07 . 1205 % 0.5 - 100

1ol 120 B : 05 - 100
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Circuit 1l.-
T 618, : C = 0,0054F,
Rg = b3 ohmis.” o/ = 0L0LAR,
o 'ﬁ-"ll2;f7' ([ToNe | k= 0-»5&-_."
' | Q, ® 92:2:

Y ' If'c Fin - %o ub

T=100
0.8 - 9040 Ouly ¥ S Ouhy v 100
0,9 1015 " 0% 99,2
0.93  10W9 | w39 - 918
os5 om0 0,38 - 95.0
_ 0.:@;;97 : 109.;3.- 0a5 0.5 83;.{3‘
0,98 wmod - m 036 72,0
- 0,99 Cus o 0.2 . B0
w0 . meg o 0,07 1o
1,0L. 13w 0.22 - o
1,02 115;0 R 68:_;0
1.03 16l v odos 81,0
,1;505 ‘118;& - B | ‘ c}h.a 96,0
.07 10,58 . v - 05 w0
L1 12,0 v o8 . 00
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: Discﬁ:.%siqi;é
At this stage a com;’:m‘iébn of the experimental results will
be made with the theoretical derivotions. Resonant frequencies of the
circuits used were calculated from Eq. 16, and the values of R" that
‘ corrgg;qqnd ‘to null_"transmission at resonance were -evaluated from'.’a“qa 15,
. The é'o'ﬁ‘puted and. experimenbal values are given below for comparison.
The experimental values of R shown in table XIT were measured by use of
an ohmeter contained in a commercial multimeter. Hence the measured
values of B were not determined with a high. degree of aécuracy,
Table XI,

Comparison of resonant freqiencies.

" Reference. Czlculated Experimental
to table values values .
Ito Iil 13,89 kess 13q85-kcs,
W to VII 128, 1298w

VIIX 01,3 ¥ 102.6 ¥
IX to X 111,20 112,7
_Table XIT.
‘Comi)arison of the vaiues of H.
Reference Calculated Experimental
to table values values
I, 852‘...,5“.01’11‘115“ 870, ohms
Ir. 1,568 ne 1,500 w
IIt 5,683 - » 5,500 ,,
v 1,500

10,000 %
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Compar:ason of the experi mental and calcu] ated values of the
resonant frequency and of the shunting resistance R reveals good "ngeew'
nent W:L'bhln the l;tml'hs of expeflmen{,al aceuracy, thus supnori,mg equations .
15 and 16, '

It may be mentioneé_ that 'é-apa.cities smaller than 0,003MF were
not u ed in Lhe ‘circuits becr‘use the cffazcn ef €y the stfav capaclty at
the junetion point, was then nci,lceablc» in altering the circuit perﬂémz-«u
ance,. -

| The trensmission ané. vhase~shift charactérisﬁics of the cir=-
cult can be ‘ucalcu'laﬁea i‘rfc;m‘ Egsy 18 and 19 respec'biVely; Suaﬁ 'c:éalﬁul‘a#
tions and results ave shown in tables XIII and XIV, : |

The experimen‘ta]., transmission and phase-shift charactiristics
| . are c'ompt.red Trith “*he theoretlcal (:ux*ve i‘. Fi g‘,_iB ‘ It is ev:t.den’c 'E"?cﬂi
'Lhe ‘theoretical and expermental curv*es fo:f = 13 differ cml;r 51 1{rhtly
and in ortly certain reglons « - Lhe ma,xn.mum:-—demata,on not -ahcegc.n.ng T percenig
This deviation is dué to error involved in adcu‘fa‘ce measuremént ~of-Q'°,§;._
The" curves for Q 107 differ auzgrﬂclably m. the rr:gmﬁ between 1401£,

0 14 Ohf‘,s Tn Lh:.s ‘case the method used ‘to measure Q, at these high
freciuencies was 3‘ubjeg:ﬁ, to high percenbage ervor which is responsible for
this wide deviation. The capcity ¢ also ‘has a small cén%ribu‘oioﬁ 'tc}.
thig diffevence,. ‘Fhe e‘cpea.clmentsl curve for Q4= 107 is slightly dige .
T:s..aced towards -ahe right, This is probably the result of a smnlL error
in the determination of the exact resonant frequency since the minimum
i:rénsmission cocurred over a‘né‘vrow ba.‘nd ra‘,t?i_zéarf than at one 'definité'l'
'freéuéncyu Moreover, this e};perimental curve does not pasé through‘ za‘rb'
transmission al rescnance; this is due to the R.F, escillator harmenics

which were not suppressed at resonance of the fundamental.
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Table XIII.

Theoretical Data,fcircﬁiﬁ‘l;

QO = 135 1{ %‘lb

I R
A 1‘“{1.&13 . kY

0,211 1.0k
- 0.3ke 1117
0.728 L.517
0903 1.815
1.2L5 2455
1,89 . L8
3.78 © 153
00 Qo
=3:92 . . 164k .
-2,0 5:0 . -
1,36 . - 2:85
~1.0h 2.;-,_68"
~0.807 1:65.
~0.12 118
«0429 1,08k
(4225 1405

g =100 Sy
T}a ﬁ.‘% e = ~“taﬂb' B

98,0
#k
813
The3
62,6
L6.7

0
2L 7
Lh.6

5.

595&

é?@&

92,0
96,0
' 98 uO

-]

_"1169

18,8 -




‘0. ¢

- 0.9
ﬂ~9¥ '

0496
0,98
0,99
1.0
1.0L
1..02
1.0
1,06
1,08

11
2

Lo

- Table X1V
Cireuit 1.
Theoretical Bata

Qo =107, k = 14

e Ab—f—ﬁ-—&‘. l"f‘-P\‘L ' o ‘ 1oo
b o Tr=f7re

Le7h - ,04888 - 1.008 100

7 g .

8‘«1 A e 09151 111»023 98 5~8
S12.3 0 023 1,053 975
2,5, 0457 1,209 C 909
19,5 0.925 1..856 73.5.

00 00 00 o '0\:i
-50.5 GOl . 14887 S
-25.5 ~0 76 1,227 - 908
13,0 . -042l3 1,059 970
- 8.85 (), 165 1027 : 98,7
- 6,76 ~0,126 1,016 99,3

- 5.2l =0498 1.009 100

?Qr@SI
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TKA.NSKISSION ANT  PHASE - SHIFT CHARACTERISTICS ? CiKCUIT I,

VX p
TKAftsnt SSIPN CURVCK
Phase Zhift.CvRves
R= 98, k-1,
- SAETwinttU.
Coi-iasto( (g
SjttenfKTittt/. . —
CallLcutxctkd. K
Shiperimtrttd HJ

. r/VeVSNCY deviation F
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‘1’&9 transmission characteristios shown in Figs, 9 and 11
obtained from experiment, clearly indicate thal higher vaiueé of ’Qo
vesult in higher cirqﬁ:?.t selectivitye, The phase-shift curves in Fig, 10
show that higher Q_ also leadsto less phase shift at frequencies off
resonaneé.. Figure 12 indicates that greater wvalues of ¥ lead to higher
seleétivit;@ These 'results arg exactly in agreement with the theoretical .
conclusions on p&ge'i‘a’&.' oF course for figﬁre 12, higher wvalues of k were
| accompanied by slighi';i;y lower. Q, due Lo smaller resonant fredquencys yeb A
the improvement in selectivity is auite noticeable, If Qo‘ was kept fixed
for the different velues of ks the curves would show more selectivity
as k was mede larger. This agz;eement between the theoretical and experi-
mental vesults verifies B, 1T«

In the high frequency region the phase angles could not be
* meagured because the R.F oscillator contained appreciable harmopics '
whiichy, tegether with extraneous disturbances, produced patierns on "the

oscilloscope screen that were of very irregular shape.
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Experiment on civeuit 2,

Experiments on this clirevit, Fig, 5, were conducted to determine
the transmission and phase shift chéracteristics for different values of
Q (defined as é. pure .l""'bic} of the reac‘tai'xc‘:e of the coil"and t’hé resistance
of EP) and k, in the "low frequency *ceg:r.nn between 850 cyeles and 50 keu
Circuitl parame’ters were 50 chosen as o make a sm.tab]e compromise be’wean
‘ clrcuit selectivity and loadings The shunting reelstance Rp and the brn.dg—»
ing resisbance R had ,dli‘iez*e,.m value.; for each ve;_ue of Q, vsed. In each
case ?ip was First selected to give the desired @, and then the value of B
was £inally ad;umed during e perxmem, unbil the eircult transmss_(_on was
exactly nill at resonauce. At this point the resonant condition as given
by Ed. 28'rfgs_s'atisf5;edu '

: The inductance of the qoii and the resistance Ry, Were measured
av ;OOO-éycglés' by an impedance bridge. Q, was compubted from the relationg
0% 2N LRy |
. ., Bxperimental procedure. was exactly the same as before, Results

of these meassurements are given in tables XV to XXI; and the corresponds=

ing curves are shown by figures 1l to I7e




bl

_ Cireuit 2.

Iy = 5.25 wh., ¢=C/k = 0,02 AF, By = 370' ohms ,
£, = 11.25 kes k®1,

| Qg = Le

Tranémissiori . Efgaies aﬁéﬁsw
IR ic Ein By A 2b 23‘. b/g 8
04l 1,325 |10 v 9.8% 98,0 | 3.0 7. 0176 10,29
0.2 2,25 | 9;33- 93.0 B 16. . 0.3L8 19,70
O heS | " Tk O | 80 1285 06k 39.8°
0.6 . 675 | " LB 480 | 745 B85 0.875  61°
0.8 9.0 | " a2 22,0 | 90 94 0.988 76,50
0.9 10,125 n Ll 11,0 o e e v |
1.0 11,25 | 0.005 0.5 e o - 900
1,0 1238 " 09 90 | ces e o
L2 135 | " L5 IS | 6.0 66 o0k 7125
b 1575 | 0 335 35 | 97 120 0.8 8ha°
16 18,0 | ¢ B35 B35 10,6 15.3 0,692 13.8°|
1.8 20,3 | ¥ 5.5 55,0 | 119 18.9 0,63 39° |
2,0 22,5 | m 7 61 61,0 |12 21,0 0.59  36.2°
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Table VI,

Circuit 2.

Lp = 5,25 uh, C=C/k : 0,02 &F, ' R‘p = 7h0 ohms.
£ = 11,25 keo k=1.,. '
” Q = 0u5s
Transmission ' Phase angle -
Ein = 3 vollse
v £ |Ba o B, T | 2 22 1b/a e
01 La25(10%v  C9.9v 99~ | 21 19 01l 6.3
02 225 | 978 9| 3.7 185 0.2 119
0.k WS | Sv o WS 89 | 72 1706 ouos 2kt
0.6 675 | v m6s 13 | 9.0 13.8 0.6z Lol
0.8 9.0 | ® 2,0 M0 | 6.8 7.8 0.87 60,5
1.0 11,25 | 0 0 | " ve.  se e RO
1.2 13.5 | ® L8 36 | 15 13hL 0.8  50.3
Lh 1875 | " 29 8B | 155, 2.3 o2 16
1.6 28.0 | ® 3,6 72 | 1568 26,5 0,596 3645
1.8 20,3 | ® 40 80 | 1l  29.3 048 - 28,8
2.0 22.5 | " ho25 85 | 12.8° 304 ok 2u8




Ty 5.25 uh,

o B 22,3 koe,

L6
Tals XUET.
GGl = 0,008 m.
E=1

%} = ‘f}ni?aa.'

B » 3,720 chys.

Qude

Cu?
Ouls
0.6
0.8

_l@f} "

R
14k
16
1.8

20

5y Sy . 100 1.3

in

Tronenisaion

o)

owrt: % i

98 9B.6 |
85  97.0 | 3.2
e 90.0 | S.i
3 680 | 67

, 3'&3«5 &3,@ ‘ é«a?’ -

L8 836 | 5B

S 90l | W7

bt 9ho | hio
5.8 $6,0 | 2.8

13 0327 746

13,5 0082 LT

12,8 0.2% TN
12,0 Bokes  Cogmie
9.0 8eThS k8.2
s we oo

8.4 9,75 W8S
10,8 0,855  33.5°
K TR A W T WA I
i TS - R T
120 0308 a2
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Tablle XVITL,
, Cireuit 2,
Ip= 588 ahe . CeO/k = 0,008 4R,
Lo m 8243 s T

0 = 2.

%3

370 o,

R w 5,350 ohog.

Transmission

v o Bin E@uﬁ% S| @
01 2235 LS9 v SLE | 6.0

0,2 luhg|w %82 ek | 7.0

ouls B.oz| n 2,32 . B6.2 | 1L.5
|06 13,38 27 o5k | 688
0.8 ' 78| ® G085 100 | 3B
1,0 22,3 | @ o 0 e
1,2 26,8 | ¥ 00k B | . 2.8
1k Ba | G08  16:0 | lub
Tb 35,6 | ¥ L35 230 | 640
EX: bz | ® o Ll 280 | T
2,0 Mwél|® | 19 0 30 110

Phase angle

.Ein = 3v

28

1346

3,3.,@;1}3‘

12,9
Tal
3485

b

2.8

50

6,9
87
54l

by

8.2
0,636

0:892
0,98
0,996
i
04565
0552

0,87
. 0.6
Q@?&ﬁ_
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TRANSMISSION CHARACTERISTICS , CIRCUIT 2,,
CONSTANT k =1 .

1.0 1
FRERUENCT .DEVIATION Y

Fig--H-



4%
PHASE-SHIFT CHARACTOERISTIC!., CIRCUIT Z
CMSTant k« I.

KO
FREQWENCY DEVIATION T



€0
. Girenis 2
Iy T 5.5 th O # 0,02 4,
Ofie = 0, h22 4F.
Qo = 0,398,
k= 0576

Eﬁ; e ThO obimst,

By 8,98 koo R 585 ohme .

Tropsmiggion Fhage sngle
’ Aoy W 3 T

+ £ By B, €8 % Pa b/a &
. ko <0 out L : T L

0895
179
537
716
8,55
L0675
12453
1he32
1543
17.9

L8 133
:‘}m f% 12#3

gﬁ'ﬁ 3&:&"2’ .

6l BT
B3 T

k@ &%

‘ ﬁﬁﬁ 3»3 ‘
B3 6ok
£0 8.0

6s2 Do

G2 1042,

8138
0,266

. f}{i}&?

ﬁ&?ﬁg
G915

T

0483
075

@u&é@'f '
0u613




LP

fo - 3-:2 kc¢

s

= 5425 mh,
1

“Clreult 2;

.G = 002 /“Fs

G/k = 0,00 uP, .
Q= 04586,
3

Rp = 70 ohms, -
R = 15050 ohms.

= 2.
Tren emission Phase angle
Big =37
v £ B By, W B 2a b/a 8
0sl 1,36 | 0% 995 ¥ | 99.5 1.8 171 0.8 6{1"
0.2 2.6 | 9.8 98 35 RS 0:2 116
Ok 5,28 | ® 9.2 92 6,3  15.8 0,398 23,3 |
0.6 T2 | v 7.5 75 | 8.3 13.6 063 397
0.8 10,8 | 5% 235 13 | 6.6 7k 0892 63,0
1.0 13,2 | % - 0,005 1 - va )
|22 1585 | = 21 b2 | 63 T 0887 62,5
L 18,50 | 30 62 | 95 128, 072 AT
1.6 211 |.o° .6 72 | 13,7 2.0 0.679 L2.T
1.8 23.8 | ® he2 - 8 | 10,8 © 2LL 0505 30.3°
2.0 26k | M lb 88 94 20,8 0137  25.9°
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Clrenih 2.
C = 002 #Fy
Gfl = 0005 pF.
B e

Tz} = 5,25 mhs
Lo we 31,3 Eos

P .

‘ R ﬁ#?ﬁﬂiﬁ'ﬁiﬁgm

Franoubaion

I

‘¥1*

i

n

|1

B

i

&

L85 w
L9
11,65
3:98

2.1
5,23
309
hed
Yroly

5
98
93
b
W

k2

66

EH

2h

1.8

Rs5
Irab

6,6

B

L$
5.8
5s2
LB

Fhgse angle
g R s

15,6 O . 63
136 048K 12056
3Z:¥  0u362 202
10 06 368 |
67 D88 5843

S0 8T S
D9 9T 36,7
1.6 Gule 2k
T D8 28




TRANSMISSION- CHARACTERISTICS , CIRCUITS,

k, 0476, «e=0-"$96.

l.o |

Trc”™uejmcy deviation I



H-

phase —shift characteristics .circuit €

k =0-476 ,Q= 0,338
X k-4 , Q.= 0,C3y.

8 l.o
.FREQUENCY DEVfATroN r

Ag*- 17
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. Discussion,,

At this poinb a comparison of the experimental results and the

theoretical derivations will be made; Resonant frenuencies of the circuibs

uged were caleulated from Eq, 29, and the values of B thab «correspend to

aill transmission at resonance were evalvated from Eqe 28, The calculated

and experimental values are given below for comparison. The experimental

values of R shown in the table XXIIT were measured by the use of an chimeter

contained in a commereilel multimeler. Hence the measured values of R were

not determined with great accuracy,

Referenéé
b0 bable

' ZVIL, XVIIT .

XTX
XX
- XTI

\

Reference
to table

CXVII

| BATHNNN
Xix.
XX

. TABLE XX1I.

Gomparison of resonant frequenciess

Salcul’ﬁﬁed
. values

X0, 98 kos @

22,06 ®
' ~8:&'82 R
2,7 "

13.9 ®

Fable XLTII,

e et gt 2273 Wt et it

Comparison of the Values of R,

Caleulated
values

547 ohms
. 5}5?5 "

535

982

Experinental
values

11,25 koso
22,3 V..
8,95 .
13g2 M.
W3 ®. .

"

Bxperimental. -
values

575 ohms

‘5_#;350 w0

595 "o

1,050 *

&
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Comparison of the resonant frequencies :"Ln tablé XXIT reizeais
that there is good agreement be‘tzareen' the calculated and e'xperimantal
' results 3 and the resomant condu:.on given by Eq, 29 is ver..fled, The
slight d..fferemze belween the two is due to errors in accufe'be determina-
tion of Lp and G,, Tn tabile XXIIIS the values of B agree £2ivly well and
hence verify the resonan'b condition given by Eq. 28 ths dlfference being
due T&gely ’oo an inaccurgie ae'&ermlnablcn of Rs.
In t.’als caee also, capacities smeller th:m 0¢003/\AI’ were :m‘b used
.“’Ln the iCJ.I"ClL.uu because then the ef:iect of ey the siray capeit y c.i'.‘ Lhe
Junction po:.nw was nobiceable in alter::.ng ‘the c*rmxlt perfovmnnﬁe,
’ ’i’hca bransré sion and phase shift characteristies of the circuit
:_'rzan bebalculaneu from Egs. 31 and 32, respectively. | Such ‘caibulations
are s‘hovm in. Lableu }D{IV to XK'@TI The calculated po:in‘ts are élo‘tta& in
. *‘m:u:es 18 anc! 19, - | S | | -
. Compavlscn of the expermental and caleu.ated transm:.sswn chay=
_ actertstlcs in Figa. 18 shows excellent agreement,” Hence Eg.. 31 is fully
vern::.edq ’ ' . ‘ ‘ '
Tﬂe pinase sﬁiz‘.‘t curves in Fig, 19 show cloée correséondence
) between ‘ishe bheoremcal and expewment& :c'esul'bs cmly for frequencxes
belc;; the res omazzt. frequencyf,- At f_requencles above the resonant frequency
the experimental curves deviale consﬁﬁer&bly from their eofrespondi’ng
“ thewétical curvess .The reason for rsucn a wide drvevgence is qui"se ohsotires

However, at Ehe higher frequencms the small ca.r/c::by ¢ has a contribution,

but not to such.an gxtent revealed by the comparisom..




0.1

0s2
Ol

Oaé ‘

0u0
1@0

1.2

1.6
1.8
2,50

X

S Ter*

0,102
0.208
0.477

0,937

2,22
'olo!
=2.73
Lol
-1,025

w0666
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Table XXIV,
Theoretical Daba, Circuib 2,

Qo ‘mi lg K = }.;c-

A Fun s T/ﬁf__;-h- o= oA
0204 1,0h2 S 98, , w115
0.l26 1517 | . 92,6 ‘@22:.',\50
0.95L . LSl 721 43,7
1.87- oS . 7.2 ~61.,9
holils 20,7 21.9 ~7ted
00 o . 0 %90
~5.16 308 1. 19.6
2,92 945 -5 vy
2,05 5.2 B2 - &h, 1
~a61 359 - 53.5 58,1
~1.33 2,78 59,8 s




- 0,102

0,208
0.7

0.937 -

2422
0o
=2+ 73
Lok

1,025

={3, B0k

0,666
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Table XXV,
Theoretical Data, Cireuit 2.
‘ Qo = 0.5, k=1l
I+ A WA =qﬁ"'1%”
1,01 100
1,043 . 98,
1,227 90,
1.87 fB;.S
5.92 Wi
00 0
8.hi5 " 3he5
3.13 5645
2,0k 70,
1.6h 186
ol 83,

-1
o=-lan A

5,8
-11.7
~25,5"
'~b352°
65,7
*90° -

6957

5545

L35

38,8
33,7
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Table XXVI,

Theoretical Data, Circuit 2.

=2, k = 1.

e ATt I+ A% TY= "::7’ © =-tas'A
0,1 0,102 0.Lo8 1,166 - 92,6 w21, T
0.2 0,208 0,832 169 6.9 ~39.8
Ouly 0477 1,91 1.6 O MeeT T =624
0.6 0.937  3.7h 15,0 28,7 =75 °
0.8 2,22 888 797 e 83,6 -
1.0 00 00 0o o to*
1.2 =273 -a0.92 1. . 9. 8l.8
o . ~1,46  -5.8h4 3B 16.9 80"
16 <1025 b 7.8 23.2 7643
1.8 =0.80h —3.22 11,3 29,7 12,7

2.0  =0,666 «2.66 8.2 35,2 69.h°
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The btransmission characteristies shown in Fig. 1L clearly indi-

cate uha't smaller ‘values of Qo yield greater selectivity, Also, higher .
values of Q, produce less phase uhlf's % frequencies off resonance as is
.Lﬂd_cated by the curves in Fi 15,,, J.h.e curves of Fig. 16 show that high= '
ar values of k produce mghe:c' SEIQC’-UI\TIL}T@ These resultsare in exact’
agreament with the theoreticel coanclusions on page 15, Of course f'car‘
Fig, 16 h_ghef ralues of k were acconpan:f.ed by mcreassd vczlueﬂ of Q,
that the :t:mpmvemeﬂt in ﬁelect:i.Wty was slightly masked by increases in
Q°~; in Fig,,. 175 with the increase of k the corresponding increase in

| Q, was such that ’OﬂP improvement in phase shift is only slightly nobice-
. able, If ¢, was held fixed end k increased, higher selectivity and less
‘phase shiflt would be more dié'binc‘s for higher vaelues of k, as ‘cc':nc':luded

'

from theory

I’o was :xn‘uendad to extend the p:cesent work into the railio fre=
quency region, bubt many complications arose. For example; the R-.,.Fy o8t
1lator harmonics, dist:cibuted coil capacity; other s_"cray capacities; ebc.,
disiﬁr’oed the 'exparimen‘t,.v In order to eoaduct. experiments in this regi_op?
precautions must be taken o miniwize a.nd gvold those distirbing effects.,
Complebe elimination of these effects would .requirg a separa’ué ‘st'udygm
consequently experimenbation in this range is incomplete and is omitted

from this papers,
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Sumouey snd Conclusions.

Ihe iwveshbigetion of the bridged-T networlts was based mn 8
sound meemﬁa»si thoory devoloped in & perfecily ronoralized way.
Tho.gh ondy teo typiend civculls wove selected for smperiuenits, the
theory is quite peversl snd eould Le opplied to sy LwidpedsT network
end 2%s chovockoristics dolprmined theorebicnily. The discuspions mvézw
w both the symuetricel ond nopsysmetricnl elreuils, including the doborme
inption of 211 thody ‘ﬁimﬁ“a,'u&#iﬁﬁiﬁ; enceptdng the aetosl pecsuronent of
the Anpuh ond oubpnt i%%mﬁé&; Tho theoretlesl conciusions were well
cummorted by axperinenbdl r@%%s@i

The eircail solecbivity and shase shifl ﬁ%ﬂﬁf’ﬁémﬁaﬁss can
bcmsz..tg controlied by virlation of.civenit povareterc. e conponert
velvss were wlwiys 50 eaimaén a2 to malm o compromize bebtween selectivity
and Joading of the oipenil. In ordar to aveld the effett of oliray
apeelty, the clreuld copacitovs were lorge cumpered with the ’sfiséa;e*
purecibinesde ' ‘

Tho ooot scllent fecturs of brddped-T nelworks ir thelr ive
Sinite obtonuabion or zere Proncsiscion ab the resonoat froovenoy though

considurable diosipation exicls in o of the componenis. In contrasl

so n oncirgcovant ywave trap, vhops the lmpoedonee simply posses through

dbe masinus ob recononco, tho rooonont impedunce of Lwpddged-2 chvouits
beeoses infinite, This holds even for low oudly feoguengins. Io ordey
to hove ouch high resumt lopodomees in the sudic frequoucy region by

o parallel reconand olrcully o hnge epil of juprzclicable size would be

nocded,




6l |
These eirenibs have scleciive yespense over & band of fre-
auoncios dhoud e resonant fyeguoncy, the deslred chhvaectorisitics
bedng obtainghile by proper ddpe of Q and ks The unsyanetricel cireulis
with higher velues of k yield botler seledidvity and luss yhooe shifi ot
froquencics off resonance, In view of this mulective responso properiys
these clreuits con be uced a8 wave Cilters hoving the desived froguency
rooponse over the desived bond. They onn olso be used as fopd-back
glrenite iz ubich coce thiuy must hove the required fr&*:gmxaé;? TOESDORSG
ond phagse ﬁmﬁt shavastoriatics ovey the decired Presuency YEBEGY
| In operetion these eirewits npe very siurle, the renovabor
ms the load being conneched directly noross the inrut ond cutpel,
rorpectively, The inpub eond owtput tormingls hidve o conmon grouidy
somanquently coupling transforzer or Uarper carth comnegtlate owo nob
powired. Homover, oive chould be balen bo diimizote direct coupling
botrenn the cowree tnd the leod ¢nd sluo £o ovoid the offect of wwontel
capoeitions Ooe of itho divodwonbogen of these elreults 1 thab, wilik
mativesooant wave traps, they lood bobth the source and the detentor
mmzm vhieh They eve inssrbed and bhenee bhovs inertion Iosse
In view of thelr verfoeh aull frauenission at the resoncot

froqeney, bridwdsT cireults con be used as wave traps fov sbociute
supprescion of sy eingle frewsney vhops the freweney bo be fillered
eorrpapends o the mmonont Zregpeney of “ishé eliveuit, They ore wapuibe
oty Loy ﬁlé:wiﬁg a cuppily _{mmﬁm;*;g nany differont froguencies pivce
those clroniSs will suprress ooly o very noyvou band of froauensios due

to theiy bigh golechiviiy.
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They can also be used as brldga megsurlng instruments for .

measurlng :t.nch::.cat'mc:e.9 capacitance,, resistance, dielectric sanqtantg

quality factor and unknown freguencies, In these applications very

1itt1ela$teﬁtion need be paid to circuit characteristies except to

~

obtain 8 perfect mull at the desired balance point.
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ipijenix.
I. General Theory.
Let El represent tic lapreeaed input voltage and
the output voltage of the britiged-T circuit liowmn in FIg* 1* The
disposition of the component impedances and the polarity of the
voltages are as indicated in the
Vipurt . -lyirt ,Lrrhho f’s
laws to the different mashes
of the circuit, the voltage

and cuin-ent relations become

(C 3) “ e ... la«
- - ( > . Ib*
R | S T~ A3 1 . ... Ic«

placing them in matrix form.

| 3 It
-ga - " Is
0 T 13

IT D, the determinant of the impedance Er.trim, is nob zero (which
sill hold true under ail the circumstance = to be considered), the

matrix may be inverteu into the form
[ t
|

1s

P
In

where, = (the cofactor of the ith row and jth column of *)- dj»
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Pherciore,
TotZy T -7y
D= | «By Zyptly ) ~lg .
-, R N
= 24 Zq7m .S Zalay + ZJ"ZB)\ & an e Zne
dyy = |Zgty =g
“*Z;g . gz‘f“z;:g“?"ﬂ@ TN
= %4%p + Talis + Fals + Tala + Zols s R
. 1 "'Z;g ‘ ”‘Z;L | |
g =y w o~ 0 sgsn
1 =%n sptegTig
= Byla + Dalgck Duls + Rolg « | wkses BGw
..... , PATs L =7y | °
A= | - 1.
o] 2yt ZgtZa
, = Zq¥p + Tpls + Falg * Pafs + Tafa o wews 5o

ila. Hebwork transmission and rosonsnce.,

Trom the above deductions an exprassion for the
elreuit trensmission T = By/By , will be derived mnder gonditions of no
losd, From Fig. 1 it mey. be seen thab no losd condition iz given by
Ig = O,

ot By D [ SRR (: S T S )
FEOm 2wy g = - 21ty satia/ -

Heones wnder no load somdivleny for Iy, = 0,

doylly — doply = O.
R4

P .
o '
Therefore, T = - = 5 - s — : ~ . L
El ﬂwa i Z'_‘;'Zg “‘1" Eggs “i" ?173 "%' ?3?4 4‘ ?14?%4
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Ib. ciutvlLIcnt !-circuit.

Tb Fig* 2 ia shorn a Pi-circuit for

-hich

the values of the component impedances 7,, 7” and 7~ are to be determi-

ned in terms of the component impodanc =T1,
such that this ~-circuit may be an
viuivalent representative of the +f
original oritiged-T circuit. It is ft

clear from a comparison of Fig* I - -

nd T4 of Fig,

anu rig. 2 th,.t 11 is the same as Fig. 2.
I , 12 is the same as I-, but 13 /7 IE.
From q. 2 1
11 - - CuH Il -d12 B _.....
D
|
C“is 1 4 ) ..
D
From Pig. 2 FV -V m<i
* - 1C) * "F=>
or- 1A= el~A * 1C ...
1B * fi1C ...
Torn Eq. 6 { " ) 1 )
row Pa, 7 Il - Xb = E1A a + E2A 8
ince 11 - 12 =1 - In , these two equations give
a o]
D
7A < d d.

6&.

6b.

7a.

7b.

8b



again Twom Base 7' Lol = By/% T B/ + RIs o
If in this egustion values of I ami I o BCR subshitubed from Eq8. @

and valu es of 7, and %y from Egss B; and since @) =1 and I, = 1.,
E: . . . i - B

Byp T g

x{:( n-wa-eum Lﬂ\ S s E,?q

&ppl:ring Iirchhof f 5 law bo bhc meghey of the ewc:mj: in Tig. B,

oTy -  (grigtg) T By e B (Zy#2) I s
whlch s oblsined by swbsbitution of “ﬁ;{gs,, Fo Inoacviing, the valne of I..
from sbove and reducing, .

e | : - = "3fd12 v i#av‘hé-’&'. How
g,;:}” equations § ave p@ria@ tly g‘“ﬁ%}:‘»&ﬁ. syl zlgmlimb},w Le cmy vm L a

nabvork,

%

T¥ im ¥ge. B the values of D and a’g are substitubed ﬁem Base § and

reducsily. -
e & 7t b BT 4 DT
- L L= RG2S o R .
. ZI = e Lagdat o e ga.&
D ‘
72
Zli‘EE A Egﬁg ks ?1?13 .
B I wcmasiasireperte i i L L Ao e Eﬁjﬂ
B - ,
&y
%y (%2 3’3 + Zply + 43%3)
. By B mohenana W hns . OCa

Z:LZE ’3‘ :'?ng 5‘-\ ?‘ Zsﬁé
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le. Pypression. i‘x:sr Lrans musmm

...... - From the ouuwﬁ.ﬁxzh Ei--ﬁif‘mli‘i: the sxpregsicn

for drans miw‘ slon mey be s;{e;rivmﬂ a8 fol Zimmm
S ‘ H, = o

From “,qsw'\,. 3 B Z, (i‘é Iﬂ)_

By = "'?;E (}:B -~ Ig)-n.

ipelying Kirvchhof? 8 laws ‘ta Yhe cenbral mesh of Fig. 25.

Poa o *.

Z}g& (I i ic) ”‘3‘ ?E (IE i IE ) »a ,{r»u...iﬁ = ﬂm

Umus:s: no leac‘:i cm‘mlimaa Iy =I5 = Ou Honce the sbuve eguation

| peduces to

G By (;f.é - I{})_ - zﬁzﬁ,’ “ Zla = 0. S
FEFE Y B _Iﬁ . " :‘?'é

oy

#
o

IA*EQ?.B*‘E‘ZG ' . ‘ T T

"

1.

. 100,

Copbining Euse 7 and 10b, the expression fov T mnder ne Load conditions
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2. General
The general matlieaatical theory developed above for any
bridged-! netv/ork will be applied to the bridged-T circuit shown in
Fig. 3. Cocparing Fig. 3 with Fig. 1
Zl= 1/>C = -jig,-——1Ua TBZI
Zx = k/joC = -JkXc----Uib Iﬁ
Z3» R,—————— -Hic

Z1 = R3 * Jtol0 " R3 + JX3,-Hid

ere 2nf = av ular frequency. Fig- 3.

2a. Resonance.

Upon substituting the values of the component impedances
froL. Eqs. Hi into the condition of resonance* given by Cqg. 3, and
rearranging the terms, the condition of resonance for this circuit
becomes

(-kXc + RR3) + J (RIs -RXc - kRXc) = 0.
For this equation to be true both the real and imaginary parts must

vanish separately. Hence the two conditions of resonance for the

circuit are

&
R.RS - k.Xc , or. R-R6 k/(tocfT ,

and Xs - (1+k) Xc, or. ig = (I™K/tC

=
«Q
|
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Z2b. TranorilLuaion.
Substituting the values of the component iRpedance”™ from

« 114 xiis0 the oner-1 expire "ion for tran. uxasioi! -Lvnhn by > 4,

I tt

XcX3 - ,LIRBXc

—x) f [Xg - (H)<C]

\*er< A *

It nay be noted, b,. mibstitutins the resonrmt oonditiMW in the above
CXiEEosnion for T, that the circuit transmission is aero at resonance, as
it should be* Let (A,be the resonant angular fre uency of the circuit,
and let the inductive and capactivo ro .ctances at the resor nt frequency
be denoted by X00 and XCO, respectively. The conditions of resonance

c n tilerefor:; be written in the form

H.i3s -.Xco .15.

xgo — (*K) sgp = 1JUS.

Bow if t 5 fZf0 wad Q0 *c (QalLsZf8,

“co ) X ii0 X,
the numerator of A= - - ~vVvagQ - j ——--

Jt-0-
and the denominator of A a [kX” - lIcXxco/rl- + JX[rX,,0 -(1+k) XayZrj
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13

. ] Z .
o ekl D p z I . ‘ ’ ’ - mco ’ ‘ ’
Fhigp (1-3/F) w § 2 [rxgo X /r]
S , .

= kl{eo (1 - l/Y ) o+ kX O“Qoy(l ";lﬁ‘rz)v
YV AR - | Iop L& i/af%)' .
b KXo (L = 1/;z) (l‘«quQn)

N . 1 S 1a+k v 1
B B b ¢« = ] ' 3, b S
e L. 3 k 1Y Q%
Hence# T = - - ¢ seivweé 017 &
v 1+k 1 e
1 + 3 'z A2 5
L =7 k Q@

2¢, Input and output'impedancesf

The component impedances of the equivalent Pim~circuilt of

Fige 3 becameﬂ on suhstltutlon of Eqau ik 1nto Efa 94

Ky + 3(16k) RE,
ZA £ R ey oa'E v-.-2.0»
y kacf )
z
KL, o 3(Ted) BX,
ZB S e~ : BOOIE W b Gy Wil £ sou.zl,d}

s [Rs + 3Xg) [1&{@ + 3(1+k) BE]
O il v 3(ik) B, - R(Rg + JEg)

e s T e S »22 ]

It should be noted here that from these equations the véiue'of T ecould

be found..

’
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The input :.mpedance ‘of the civeuit at resonanee isy from Egations 12
and 20,
: sz . 5 (7
=y = Ao T d (l"'"k)_ Reoo
Pio S BT = S
S JKX

eQ

: l+l\.

-w-:i a\&

Since Q, = Xg0/Ry 5 it is evident from the resonant conditions that

1+ k. B

Xeg ;“':\ 1 . -3 o "r'O
< ‘é},o
L4+ k.
Th ereforey L Zy, = "-‘-'*3-;‘-'""' R (1~ J/Q )@

Hence, the magnitude of the input impedance at resohance is

H 1*k - ] '...‘-.‘.n x
|Z_‘10| = —“”1';""“ R,‘, 1 + 1/@{) & % b-p,u.é‘éio.a-wcz:s’a
Similarly, the output igpedance of the circuit at resonance isy from.
Egse 13 and 21, '
AZgu)o F 2g B X2y
ors {Zgu), = (3#%) B (1 - 3/,).

Hence ,the magnitude of the output impedance at resonance is

’ . .- z
, (Zﬂu{;)g' = (1"‘1{) R,\Il +“1/Q0 - Yn—"v}:iv':éﬁ‘.‘ﬁé,egh\(g




3. General

)

Bridged-T Network Type 2,

The general mathematical theory will now be applied to the

second type of bridged-T circuit which is shown by Fig. 5. Comparing
Fig- 5 with Fig- I,
Z1- 1/>C = -JXc .. 25a
Zj- k/ju)C - -JkXc 25b
P M) PpejXp

Z = ————- = - - 25¢c

VvV JJLP vV jxP

Fig- 5.

Re -- .- 25d

3a. Eesonance.

Substituting the values of the component

impedances from Egqs. 2% into the general condition of resonance

given by Eq. 5» the condition of resonance for this circuit becomes
N4t . W e + SO
Rp JIXp Rp & JXp Rp + JIXp
z kXcRp%p*XpapXp»RRpXp RRpXp-kXcHpXp-X~pXp
*kXC + ———mm——— ———— e — + A = 0.
+ Xr
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For this condition to be satisfied, both the real and imaginary parts

must ViOilish c parately. Equating the real part to zero,

G XOlycp ¢ Kipp» < GIXe XP)-c-cocan-. 26.

Equatinl the !imaginary part to zero,

RRo=(Q#K) xc>xp -  _......

Insertiiig Eq. 27 Ln Eq. 26,

K-VeP " xP1 * “c (Rp * Xp),
and since Rp +Xp ™ O, ReRp S kX~ . ...
Substituting Sq. 28 in Eq. 2,

Xp = [k/(1+k)J Xe - ...

Hence, tlie two conditions of resonance for the circuit are
RN SKIGOCE. - oo e e e
and o p = k/(1+k)eC. ...

3b. Trans; ilrriion.

Substituting th values of the component impedances from

Eq. 25 into the general ex ression of transitLssion Ilven by _"g. U,

I tA



7

where. A. JffitC

< ( RP * -Vt (Bp -IXp) [(1-B) Xc - JK]*

IT the inductive and capacitive re ctances at the resonant frequency
be denoted by Xp0O and Xgo, respectively, the conditions of resonance

nay be put in the form

li.Hp « BIXjo e 26.

Ipo- [V(I-B)] Xcooweueoaoo .. 29.

If the ratio of the reactance of the coil and the resistance of Rp at

the i*eson_nt frequency be denoted by 40 i.e. if Q0 » «L /2. ,

the numerator of A JRXclp (1 >r Qq)

X CO "
co r e VI +AS)
Qe
%
;0”po
(Ifk)XpoCl +7%) .

1l
i

y Qo
the denominator of A = kXc[RN-Xp-(1Ffk)RpXpXc-RRpX™ F j [(AIFKRpXA"X-RRpp]

/\CO .
= -T - Bp(IfXpfen)-(1Tk)--22 XooXoe - KXY %L ' jp o taresxexe - V]
~o

- a+"«w0) - -*"rKo-B*" X X * JVpt(lrt>XccXpo - N *
Since the last term in the parenthe. zero by Sqgqs. 28 and 29, the
above is

k (i +/74)d -~)/A &
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Therefore, A =
(1 ¢ Qo) (I-r)/r2
1 + k
T S
|
Hence, T -
1+ k
1+ j-

3c. Input and output impedances.

Component impedances of the equivalent Tl-circuit of Fig.

beccne, upon substitution of Eq. 25 in Eq. 9,

w p / (a;. X3) o...-.

JKtc

3 kxC - W - P (Ep-jip /7 (if+ Xp

=R [-< *xCxPrP a”~) (Vi\) 7 (":><)7]..-.

5

3U

It may be noted here that from these equations the value of T as given

in Eq. 30 could be found.
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The input inpetiance of the circuit at resonance in, from

Egs. 12 and 33,

. - kaCo " aCoxPorP (@+k)(@P-jxdDON ¥ xphA~N

kxCg(lX jO) -
JK(EVX™i)

- (XK2g9(X)-(RX (XN

JKk(H-Jo0)

=LIT.-JLE  paam)

it«]j

The magnitude of the input I pediince at resonance is.

3 36.

Similarly, the output impedance of the circuit at resonance is, from

Eqs. 13 and sk,

N outu *

Hence, the ma,nitude of the output impedance at resonance is

(2001)9 = (1+k) ° 37
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h. Capacity Correction.
In the foilOmdt:" analysis the actual resonant conditions
me tne effective capacity will be determined when the stray capacity c,

between the junction point anr ground is considered.

Ua« Circuit 1« Comparison of Fig. U with Fig. 1 gives
Zi = —JXC. ———mmm e 38a
ZX,= =-JKX@ . = 38b
Z3 = —jxy(L-jx), (wiiers x = 1/oc.)—— 38c
Z4 = R6 4 JXS. ————mmmmmmmmmmm 38d.

Substituting Egqs. 38 in the general condition of resonance given by

Eq. 5,
JRXx
-k%c - (—JXl - JkX™ + Rs + jxj =0
R - Jx
or, XD + 10yet + R*Xx (Xs-(I1fk)Xc™ - j [R1XRs - Rx*"(xM-(Ifk)X"] = O.

For this e u lity, both th real av.i imaginary parte must v.ziioh.
Equating the imaginary part to zero,

R-Rs/ x = Xb - (Itk) XC ... ..... 39.
Equating the real part to zero,

-kxE(RVx" tl) 4ARR8 + (RZX) (xs - (Itk) Xc5» 0.

Since c is very small, Xi>>R . Tlierefore,

-kXc + RR8 + (RVx) {Xg -(Itk) Xc] = 0.
Substitutin®® Eq. 39 in this equation,

-Rxtt RRs (1 + RzZx®) = 0.
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He~Lecting S /rx coqgpared with unity, the above equation reduces to
EeRs « kXg. ... 15.
7 is roso: ant condition therefore remains, to a JEirst ap; rexi:ration,
unaffected by the stray capacity*
Inserting ;5. 25 into Egq* 39
X8 s Xc (1+k) + kX~/x,
bm Mke eeceei leee __J/z eeppwwle tie e ##eftMkee @r% MHI 1is
negligible only wiien C is nuch larger t an c. From the above e uatien,

X8 = XcC (I+k) + kc/C]
or, Uilg s [(+K)/wC][1 + ke/(IfKG]  ...... Uo.
Thus the resonant frequency is slightly inorea ed by c, The effective

circuit capacity in the recenee of c is, froxa Ege 10,

(I-Hc) C + ke -
where kc is the correction term. If c negligible
Cl« G/(1+K).
as obtained earlier. For a symmetrical circuit, k = 1, and henc: the
effective cgjacity is
C" s cV(2C 4 ©).

as obtained by Tuttle,

U-. C-rcuit 2. Cor™mrison of Fig, 6 with Fig, 1 gives
Z1* = e U2a
da=- JkXc -—-—-——-—————————— Uzb

z, - [Rp-JIlp.HXYy/ [Bp.jXp -
2+s 2, @ uzd

wiiorc X = i/wc.
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Substitutin;; Eqs- U2 in the general condition of res nance given by

Eq. 5,
—KX* + [ - jd*k) ;d= a
o j(Vp-V)
or, -kXA~ H R* (1-Xp/xFJ & V p XK > X " (I+k)HpXc(V X)
-1 {RRp(Xp-X) * (I+k)XcXpx}] - O.

Fcr this to be true both tne real and ima unary narts mst vanish.
Equating the imaginary part to zero.
Rilp(1-XpA) = (I-Hc) XcXp -U3.

Equating the real part to zero,

-kXexM"x"pd-Xp/x¥f] + UFfXpX ~ RXprd-HOVc (I-XpA)] ~»” C*

Substituting from Eq, Isl and dividing b/ xzt

-kXc [VRp (I-Xp/xf] * BRp[ x ~ ((-Xp/x)3] = o.
Sinct @R (I-XMA) T 0, the above equation reduces to

28.
which is one of the conditions of resonance previously developed. Hence

the stray shunting capacity has no eff ct on this condition.

Insertin®-" Eq. 28 into Eq. 1*3

kXgd-xyx) = (i+k) XeXp

or, Xp = kX/ [(1+k) + kXcA]

or coEp = I A[(?>k) CA mc] - ... ..... ul4..
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ewhere c represents the correction term and is negligible only when
c « C. Tho new resonrmt conditions when e is not neglifdble are
given by equations 28 and 14;.

The effective circuit capacity in tho presence of c is, from lig. UU,

Cz= (lhk) C/k + c. us.
IT c is negligible.

Cz= (Itk) C/k .
as obtained before. For a symmetrical circuit k = I, and hence the

effective capacity is,
Cz- 2C + c .

as obtained by Tuttle. Here c is the correction term.

equivalent Pi Circuit.
It may be mentioned here for interest that the equivalent
Pi-circuit of the bridged-"; networks, a consequently the whole
mathematical theory of bridged-T networks, could also be derived

from the very simple consideration given below. This was not used

because the method hich has been adopted in thi: Itesi work for the



develo Reavfc of the to.theca.fcieal theory ia n very po".erful one th t

can be used on uny cor lex network.

This simple method consists of first transforming the T
ectlon of the circuit into Its equivalent ?i section, and then
combining the bi"ldglng section with the series impedance of the
1 —circuit, as Shovm below,

F— "wlL"———
N—Lwvn— ¥ AVWI .
1 vV
| n
a

1 )/ 2 .
i= C 2 » -2 - 1
= (Y 2 + Vs » 1":1))/ -
gain combining -1 with ? the coi onent icpe ances of the e, uiv-
alvnt Pi-circuit are

- (

(Ta + 2?2273 +

which are exactly the equaMons obtai?v

on . e G .

le . e v Pitt, Uli:
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