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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 is 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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Abstract,,

BrIdged^fE' networks.^: though nct W m c m m  la the field of radio 

engineering;, have received little attention. Only the resonant condi­

tions of simple sysmetrical bridged-*? networks have been discussed in 

literature... This paper deals m t h  bridged*? networks i n ‘,general and 
discusses: two typical circuits in detail;..

Using matrices m  d Kirchhoff8B Iawsjl a general mathematical 
theory of bridged-? networks is developed from consideration of a per- ■' 
f e e b l y  general theory applicable to .any complex network. Erom this 

theory are derived expression for transmission^ ig.e. the ratio of output 

voltage to input Voltagejr 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 
t o . determine the input and output impedances of the network. - Tito typical 

bridged-? circuits are then selected for investigation, and the general 

expressions and equations derived are applied to these particular1 cases 
to determine their resonant conditions,, transmission,, 'phase angle, input 
loading and output loading. These circuits .are quite general since both 

symmetrical and nonsymetrical 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 unsymmetrical cases./ The experimental 

results are then compared with the theoretical predictions and are found 

to be in good agreement.-
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Introduction^
Frequency selective networks containing inductance and capaci- 

tance have been extensively discussed in literature and widely used in 

practice o Bz1Idged-T networks of simple types have been in use as wave • 
•traps since perfect suppression of a single frequency can be easily 

Obtained* though considerable dissipation is present in the components 

of the circuit,, Rejection characteristics of antiresonant circuits or 
their equivalents can be improved by the addition of resistances in such 
•a manner as to form a bridged-T networks

In bridged^T networks the component values can be so chosen as 

to produce perfect null at a desired frequency in either the audio or 

radio frequency range. Since these circuits are four terminal networks* 

this property of perfect balance at resonance has been utilised to a 

limited extent in alternating-current bridge measuring instruments for 

measuring inductance* capacitance* resistance* quality factor* etc.

But in such use of these circuits no attention is paid to their frequency 

response or phase-shift characteristics; the only' requirement being a 
good balance at the desired frequency,

Tiae other property of bridged-T networks is their selective, 

response over a band of frequencies.. The selectivity and phase-shift in 
■ these cases can be easily controlled by variation of circuit parameters^ 
this variation being much more flexible than in the case of antiresonant 
circuits. In view of this advantage bridged-T networks may be used as 
wave filters having the desired frequency response characteristic over 

the desired band of frequencies* and also as feed-back circuits in 
vacuum tube amplifiers.

In operation,* bridged-T networks are very simple* the genera­
tor and the load being directly connected across the input and output*.
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respectively^ xti.th.Qut requiring a coupling transformer* Iiforeover^ no 

balance-to-groujid. operation is required^ the ground terminal being 

common to both the generator and the load*. Hence they require no Wagner 

earth connection*. Their disadvantage is due to insertion loss since 

they absorb poser from the input*

To the author fs knowledge very little work of any investiga­

tional nature has been done on bridgecHF networks* Only the resonant 

conditions of some simple bridged-T networks have been discussed by 
Tattle.*'*- In view of the possible wide application of bridged.-!1 networks' 
and in view of some of their inherent merits* a systematic extensive 
investigation on these circuits was ..taken up* This paper deals with:
Ii A  general mathematical theory of bridged-T networks*

2» Transniission and phase-shift characteristics of two typical circuits 

for different values of circuit Q0

3* Transmission and phase-shift characteristics of two typical circuits 

Iiaving circuit parameters bearing no simple relationship with each 

other*
it* Dependence of circuit-selectivity and phase-shift on circuit Q and 

degree of dissymmetry of circuit parameters*
5* Ooiaparison of the experlBental results with the theoretical work*

(

I. W 0 I* Tuttle, BRIDGBD-T AHD PARALbBL-T CIRCDITS FOR tlEASDPJil'EHTS 
AT RADIO F R B Q H E N C m ,  Proc* I.R.E, page 23, January, 19hQ*



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.

7

Iietwork 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.

I---- VNAA^VW—— I
X--^vVWV---1—-nAVW-J— %I X1 Z, :

Fig. I. 1 2

1. M. B. Reed, GEIiEiiAL FCiMJLAS FOR T AND R- Lri.TS,
Proc. I.R.E., pp 897, December, 19U5.

2. L. Stanton, TliEORY AND APPLICATION OF PARALLEIr-T RESISTANCE-CAPACITANCE 
FREQUENCY S LECTIVE Kid iOKKS, Proc. I.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 Iz-C circuit. Hence the condition of null trans­

mission or resonance of the (general bridged-T network is given by the 

equation

W* %  + Z1Z3 * Z3Z4 = o ............... 5.
where the disposition of the component impedances Z1, etc. 1» shown in 

Fig. I.

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 

c o m p o n e n t  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 2 "I Z  c j Z  3 / 3

K

Z0 =
+ Z, Z3 9b.

r
?

> »
Z1

*♦<*.*.* 1 A  - Z1Z3 )

fi
I

VV >*

--
VW

rj — Os*
uC 2,2.+ Z Z, + • # Fig. 2.

From the equivalent Pi-circuit it may also be found, as given in
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appendix Ic5 that- ■

Ba _  %T —  3%*-
Bi I  4r % / %  '

If in this -equation the values of Zg and Zq age substituted from Eq«, 9$ 
the expression for T is identical m t h  that .of Eq* as it should be*.
She Sq* 11 cleag&y indicates that transmission' I  is sera when the ratio 

Zq^Ziq is infinite* -Since Zq  c m  never be zero .Ofipg to its. finite Comiw 
ponent impedances,. Zq/&$. is infinite only when the denominator of Zq  is 

gerO|. that is

Z 1Z2. tI*- Z - jZ j  4" Z ^Z g  'I* Z ^ Z ^  O3: w w iie w **♦,»•!#•»•>. 5-e.

xdiich is the same condition for null transmission as derived■earlier*.

Input and output loading* .

Bridged-I' networks place a load across the source as well as .. 

the detector* These loads, pan be determined from the equivalent Piw  

circuit. Both the input and output loading vary with frequency in a . 

complicated manner- and are .extremely difficult to determine theoretic 

cally. Bowever3 it is relatively easy to find,, theoretically, the load—  

i.ng at resonance,-." since the impedance Zq  is then 'infinite* The input 
and. output impedances of the -circuit are %  and Zg3 respectively,, where 

Zjl and Zg are given by Bq.» 9* is, the frequency deviates from resonance,, 

Zq is nq longer infinite and hence both the input -and output impedances,.

vary in a manner which could be determined experimentally,,.
Thus3 ' •

Input impedance at resonance —  Zjl . « . » = * .  «.<>.. . .. .12«,
Output impedance at resonance —  Zg , * « » »*13>-
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ilieim are the impedances at resonance which the bridged-T circuit puts 
in paiallei !,it;i tee generator Jid the detector or load*

Bridged-T Ketwork Type I*

Tl-Je 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 O l Lho circuit* If k — I, the circuit is symmetrical * The two

equations that the circuit must satisfy for null transmission, or 
r ionance, are dev. loped in ap; oneix 2a. They are

R.Rs = k/(wcf ............. 15.
and I + k

co Ls = -------- .
CO c 16.

For a symmetrical circuit the conditions reduce to

R-Rs = l/(*>cf
to Ls = 2/coC,

which arc exactly Tuttle’s conditions of resonance. From Eq. 16, it may I.

I. W.N.Tuttle, BRIDGED-T AND PARALLEL-! CIRCUITS FOR MEASURE!,ENT AT RADIO 
Fih iUr.IiCIES, Proc. I.R. pp 23, January, 19U0.

F.E.Terman, RADIO iMGIIbiER«S HANDBOOK, First edition, pp 918.
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'b® observed Izljab the resonant frequency is the frequency at which the 

two capacities in series are in parallel resonance with, I 3 6  Thus at 

resonance the circuit behaves as if .an antiresonant circuit were placed 
in series with tije line* Hence Eqi. 16 is the frequency determining 

equation which fixes the resonant frequency of the circuit*. If Eq*, 1$ 

is satisfied- the transmission will he zero at resonance-^ otherwise it 
will .simply pass through a minimum at the resonant frequency,.

Circuit transmission*
The expression for circuit transmission- under n o . load eondi~ 

tion, as derived in appendix 2b, is • . .

T 'F1 • *  ■ e  ti' ti 0  m o o  ti U  O  o *  Si o; C  O  I ( <3

Hence the, magnitude of 5 is

(Tl F

// [i t
» » .a e a-*., a • «- • * » o * *28*

Y % Itk

and the phase angle &  of I# i,e»3 the angle b y  which E pleads or lags E 4 
is

-I  f  *- I  4- k 6 I  j.
0- ZAi X -1-* Y , h "Q .0 q 0» o oo o o qoo e o « ti o cl S' o

V s f — f—  S  w J l .actual frequency 

resonant frequency

where



t h e  oorSm* i^ sW a3 ao %  I f  ox#*

:B % aeid & 9 & e< B # e8 % a8 Q B ib rT a8 d & ln ak % & @ l& 8 6 ja3 & a# B B # %  

ta#D  f % 3 *  th o  trBQGDlee&aa Ss z m o  c ad  Pbage a%0k><U»:%<xf* I t y h i g b  

ab#&d& 8*31<N3t2%sdL$ar <xe]&«%*ss<*Qca3(N% i%eKs;aaaa«wo3jOit IQXaed; t o  Iilggb* e b id h  os#B%* 

GBtOKt W b  Q . m l  Ic ZWBEk IfWega* 3& m y  %a w&od 1x3%%) th e *  f # »  a  E&ms$

’S.'al'oo a* 0. m l  of t0 higher vtikxm o f  I:. izil'l a^o ira tisa lly  iieeeosiiaM 

M cb cy  va3ac3 o f  1%; m d  ooaBCKapwaaaaar Megboe Q,* SStst o f f b e t  &o th o m & e ^  

( R K K W a w  t m w o  W h w  I w g w  v a m »  o f  <&.

aadJ k ilI I  o ff  3%#@##K%b %KBo
z a z l n m  t g m m l W m  a& &  g S m a  fkoqmaqy t H l  also c # m a # a d  to 

ldbcKWXdkbBb* Sba %a%cwse«sdb3jZt a im w c t a r l s t i e  c^cu  tw e t  tb o  iA ose SwgQBkB 

<k#2%H38m <aa b o th  a id e #  o f  t b a  zo so ao e t f5%3qta3n*%p&

Slimro a m  so co  I lo iL ta t io m  a g a to o t tb o  izoo o f  k l f b e r  TRiliaesi o f  

CS, and  &# Ckto I W tA h l m  O gdm at TbBws i w  o f  W b  Tmsaxxeo o f  & l a  tbc& TLt 

aalaas Idae ci#aoitgr c/k  o f E&g» 3 amH ft#  & g&vm warn of <%* UxkZoar 
e ac h  aSaroKwoGibaiscckc th o  aC ff e t  o f  ab rq y  c e p e c ity  -% m  bo a o t l c s i b i a .  She 

a g a s e t  o f  ctaragr o a g m g iy  SLs W y t A m  I t  1@ aas& l SKacgxcaMadEiGKltai

tt%> A E lW A w  issg&asltgr Q/&L 4* %)<€ t h e  A bm adt^

IBoGhoe I W W l m  I s  t h a t  .W b m  W m e  o f  3c zeal a ,  W L  

IaieEMacae Sdbe Aaput m d  W p a t  IaW laG  m  i s  ew M m t %  m a'& k*

ZBdBcp Iqput :loB@U%; a***# <aBB&i*G tbo GBBsmdbxrtgriaeaBtooRkt Ikmm* 

& #  m m * r  d b g a t 3#*33&xs TbaBi k  # * 1 (3 , (AouM  %*; swalL* B w  3 m m % u t  

IoasltB;; Qo chouuLd c o t  Ims Vcfgr Ifwegs* T&W#; 3k sdbomileK be Izqrgsr*

12



Ihput and output loading^
The expression, for input impedance at .resonance^ as derived- 

in appendix 2c<, is ' '

I Zipl
' ■ I +  k . 

lc ‘
E  / l  4, 2/Q o -w

For small loading of the source | Z^p | must be larger Hence B  must 

essentially "be Iargee- Moreover^- for I otj loading both k and Q 0 -should be 
SBall as has already -been stated* Thus the values of k  and Q0Should be 

so selected as' to make a compromise between high .selectivity and low 
Inputi-Ioadiug0 '

The- output impedance. of the circuit at' resonance^, as found, 

in appendix 2c> is

1 ’ \ (l.^out)o I (I t  k) R /\J1l 4* l/Q0 o «.-«.** 2lj.g,

For low output loading also R  must be large*. Small values of . Q 0 and 
large values of k  are- desirable*.

It may therefore be mentioned that the values of k and 'Q0 

should be carefully chosen so as to mice a reasonable compromise ■ between 

network selectivity and input and output loading*

Effect of stray capacity*. .

It should be noted that the capacity of. the junction point G5 
Figi %  with respect to ground is not without -effect -since the impedance 

level of the point G at 

resonance is high* The 

capacity of the points 

A and B with respect to
T

ground are across the Fige. k



source and the detector*,. respectively^- and hence do not affect the 
circuit behaviour,, If the effect of c is considered* the conditions of 
resonance' are altered as shorn in appendix ha* They are

^  k/(eo) * c «‘v-'o’e- « o »""0,-», e i- e d' 6 * * o3*^o

2 _ k c -
co JLs I L  *.... .,-.**,**.* *»h0.toO L (I + k)G-J

These equations shot? that while the first condition remains unaltered 
the resonant frequency given hy the -second condition is slightly inoreas" 

ed by the term kc/(l+k)C6 In order that the effect of o  m i l  not disturb 

the circuit behaviour^ o must be very small compared with C, The effects 
ive capacity 'In presence of a is given by

O  %
C*

(1-t-k) G +kc s=-- <  *' I 7" •- «. O7-̂-' te-«.* a

Ydiere Icq is the correction term* and this should be small -compared 

with (Itk)Gp



Dritli;c;i-T IIetaxjrk T>pe 2*

The second brld^ed-T circuit thut was placed under irzvestiga- 
,h,-Tn I . . ST. -he 

bridging a m  in tills circuit 
ccffisists of a sinple resistance, 
while tlie shunt in; a m  consists 
of an inductance in parallel 
with & re !stance* As before, t!ie m m i t u d e  of k r presents the degree 
or 'v.-parturi fron a cymnetrical network* TIit two equations that tho 
circuit oust satisfy for mill trannniscion, or resonance, are developed 
in appendix 3a. The. are

25

BJip = V C tfCjfc ................  .
k I

*  ------- —  .....  .........................
y 1 + k (AC

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

-i-p - i/(«cf
«o Lp -  1/2*0,

vihidi are exactly Tuttle*o conditions of resonance. It nay be observed
fron ' q. 29 that t)ic resonant fre >:ncy is the i'reqm.-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 shunt in the source* Also, Eq* 29
is the frev-u .ncy determining equation which fixes tlie reoexiant frequency
of U «3 circuit, if Lq* 20 is satisfied the transmission will Lo uoro
at reao;.iancej otherwise it will ueroly pass tlroufh a mninun at the 
resonant frequency.

Fig. 5
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Circuit transmission^

$he expression for circuit transmission under no load eondi** 
tioiiy as derived in appendix 3b, is

f SS
1 5 r v— T r i n r t to»*0 9;D»«'0o « » a e

'ic" ' * d'
.30»

Henee the magnitude of T is

|t | 9 »■<»•«• to; «-'0 d » Qi

And the phase angle of Tjt i.e., the angle by Wiich leads or lags E4 is

Q - —tan-i T » Q c a  »  -PO »0 a  a *0 «r *• »: o  O ♦- W fllI ,#32.

-where -/represents the fractional detuning from resonance, i«e., the ratio 
of the actual frequency to the resonant frequency., Q 0 represents a ratio 

of the reactance of the coil at the resonant frequency to the resistance

Rpa I. e., Q 0 —  ĉ  Lp /Rp* •

These simple expressions for T and Q indicate that at resonance^, 

when y * I, the circuit transmission is zero and the phase-angle is ^90° „ . 

For high selectivity of the circuit, off-resonande transmission must be 

high which occurs when Q 0 is small and k is large. Moreover, smaller 
values of Q 0 and greater values of k will produce less phase shift at 

frequencies off resonance. Hence maximum transmission at a given fre­

quency m i l  also correspond to minimum phase shift. The phase shift 

characteristic is such that the phase angle decreases on both sides of 

the resonant frequency. „ ,

There are limitations against making. Q ff too small and k too 

large,.. If Q 0 is Very small there is heavy input loading. Under the
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limits of proper input loading* the best value of Q 0 would range from 
Oo2 to X i If k is made large the effect of stray edacity .will affect 

the circuit characteristics*- Hence in designing the circuit a compro­

mise should be made between Ihigh selectivity and low..!oading»'

Input and output loading. .

The expression for input impedance, at resonance* as derived 
in appendix 3c* is

I +■ k (O01
I l̂iol "'"Vl"" ■*' 7~r~' “ \--'* o.b e * o». ,, 36 a1 V L d  v V q0) ]

.For small loading of the source the input impedance must be ,large*. This 

requires that It0Ite be large and also E. be equally large* For good ' '■ 
compromise between high selectivity and low loading a desirable, value of
Q 0 is ;.!* whence

I +  k  tÔ Ii
, I Za n I —  e,
' , k

The output impedance of the circuit at resonance*- as found in 

appendix 3c* is , •

' : |(Zout)oh (Itic) CO0LpZVC1 * l/Q0] * ,0. * 0 * 3 7 .

For low output loading and should be large*,
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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. 
If the effect of this stray capacity c is taken into account, it is shorn 
in appendix Ub that the resonant conditions are

R.Rp = k/(<oc)a ............ 28.

and Ld * — ----- — ----------* ............ UU .
<o[(l*k)C/k + c]

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' = (l4k)C/k + c.

This equation indicates that c is effectively in parallel with the two 
capacitors C and C/k acting in parallel.



Experimental Setup,
19

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 
I Jhase angles.

Network

Fig. 7.

Network C.ReOscillo 
scope.

Fig. 8.
IIoninductive resistors of the composition type were used in

the circuits. Both mica and paper dielectric capacitors of high quality
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ViQre used, lienee the condensers were essentially loss-free* The circuit 

'elements were always measured in an impedance bridge to check their 

,marked values *. , The output impedances of the audio oscillators used were
■ V I

specified as 500 ohms and they were - practically free from harmonica* The 

&;*F oscillator had different output -impedances" at its different ranges* 

and contained appreciable harmonics* The input impedance of the detect^ 

or*, a vacuum tube voltmeter* was above several Hieghehms even at the 

highest radio, frequencies used* so that ho load conditions were truly 
fulfilled* , - *. ' ■ '

Circuit transmissions were measured in the usual way* The 
phase angles were measured from the dimensions of the ellipses formed. ,

'on-the oscilloscope screen*. If b intercept along the Z^ascis- from the
,; -

center, of the ellipse* a  =* maximum horizontal distance of projection of 
the-- - ellipse. along. the X-axis* ' .

* "l 1 '
1 . ■ The phase angle- is given as & £  Bin b/a .

I*. BoH= Schulz and IoTo' Anderson* E X B B E E E m  'IN BLECTBOliICS AND
c a m m c A T i o N  m c m m i i N G *  pp i65* ' . . .



Sgperlmant on circuit I 0

'21

Experiments on this circuit,, Fige, 3, were conducted to deters- 

mine the transmission and phase shift characteristics for different 

values of coil Q and for different values of Ic3, both in the high and 
low frequency region*

X e low frequency region?- Between 5 kc and 20 kc,

, The circuit designed for these measurements was symmetrical^ 

the values of H and p.s being so selected as to make a compromise between 
circuit selectivity and circuit loading* The series resistance R g and 

the shunting resistance,R had different values for each value of Q 0 
used. For each set of data Rg was first selected to give the desired 

Q 0 and the value of R whs finally adjusted during experiment until the, 

circuit- transmission was exactly nill -at resonance-* • At this point, the - 

resonant condition as given by Eq6 1S> was satisfied.

The inductance, of the coil, at 1000 cycles and the resistance 

Rq3 which includes the coil resistance-, were measured by an impedance 

bridge. The Q of the coil was measured- by the same bridge at 1Q00 

cycles and its value at the- resonant frequency was computed-, assuming 

Q - to be directly proportional to frequency within this small range of 

frequency,,
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Table 1 #:
Ci3?euit I, . 5

. CL =Gjc'= 0.0$ MFa . Rs 6 2  ohms
fo ^.13*82 kcw k # 1«; R **■ 870 ohms

• Q. ̂  Q*$ x 13*8$ ̂  6%92$,.

Y £fee .

Transmission 

sin ôut TjcLOO s. 2b

phase angle ■: Rin ̂  10 volts*
2a b/a 0

0.66 8*32 10 V 9*7$ 97*$ 9+6$ 3$*7 0*27 1$,7°
0*7 9&70 •' li 9.1$ 9&;$ 13+3 3U.U 0*387 B2,&
0*8 10J3 . 8.8 88,0 17+3 31+8 ô $39 32^$
0#8$ 11*76 ft 7*$ ■ 7$*0«2 19*$ STfL 0*713 ; U$o$°
0*9 ft $*8 $8*0 18+2 . 21#$ 0*#6 $7,^
0*93 12+89 ft hah UUeO 1$.6 16+9 %923 67,$'
0*96 13*29 ft 2+7$ 27,$ 9*6 10*0 0+96 • 077+7
0*98 ft ' 1*3$. 13»$ 00; ■o-o: 1 e*
l-.O 13*8$ I* . Q - . 0 #*« 6'4 4 4; tpo"
1^02 1U0I2 Ti 1.3 13*0 OO i.V ' »e ' . e 9-
l*0h Ih+ii ft ' 2«lt 2U*0 9*0 9+3 OJ968 ' 7$*$"
l'*07 ■ lUo.82 ; tl 3 ,7 37*0 lU ,o l$aO' 0+9U7 71+2°

. ];*1 1$,.22 Tl $ .0 $ $0*$. 18,3 2 0 .8 . . 0»88 61, 7°
l $ , 9 l ft 6.1» 6U*0 18,2 23+3 6*782 ' $ l»$

16*6- Tl 7*L$ 7U.$ 18,3 27+2 0,673 .U2+3'

1 .3 16*0 ■ " 8,«-U$ 8U.$ 1 6 ,2 30»$ 0.$32 32+1

1* 19*1 ft 9*0 90*0 13*$ 30*9 0+U37 ' 2$+9'



. Table lit
Circuit l , ' • ■■

c ag/k= o*og jtB* , R g » 3 3 . 7  o b W ,
k = I. ^

Qo *  0*9^ %  3.3,85 -  13.0

R *  IgOO ohma,

• \ TrcnBmiseioti phase angle , •/■

Y f
&9 %a- 35&00 2b 2a b/a ' 'e''

0*7 9,70 IOv 9*8 V 98*0 6*0 33.3 .0*18 10*L
Oo8 10,8. it ■ 9» li$ 9L*5 m p .31,6 W 18*5'
0*8$ 11,76 H , 8̂ 8 88*0 13.85 29*5. O *k7 .' 28, '
0*9 1S»B Il 7*6 76*0 16*6 25,1$ 0«65b ' O-IiOiT .
0.93 %8p if 6*2$ 62*$. X6o3 .21*1. 0*773 . 50*^
6,% 13,8% U li*3' Ii3*0 1^*7 13*9 0,915 ''' 66,f .'.

-. 0*98' 13,56 11 2*3 23*0 »6 ' . ’Vti1 «i*
1*0 13,85 . tv O - ■1 O ■'. . * « *-i8 t#:
l*pe 1WL0 « 2*1$ 8l$» - #■*; '*»■

%h,88 ' r ' 5*7 57*0; ib.5 '1.7*9 0*81 . 5k̂ ."
l a  . i&ee « 7*2 72*0 16*0 2k*L 0*6$6 . IilfjC

l^g'15# it. W 81*5 .15*3 - 26 A 0*58 35»U'
•’ ' IpS; ‘ '16)» 6 tt . % 8 8$̂ ) 12*0 28*9 0 * W 2b,5°
1*3 18*0 it 9» U 9l$*0 9 #U 30*3 0*31 18%
IUi 19*b « 9*6 96*0 7*0 31.5 0*222 12*8°



IableJIIa
• ji . ■

. Circuit I#, •

Lg' = .5>25 mh, C “G/k~ 0,05 ̂ E6 E5 * 9,3 Obiasi
f0 13«85 kc, ■ 'k 1-- R ^ 5,500 .OhBiSo

. Q . ^  3*5 x  1 3 ^ #  =  '

transmission Phase' angle
Y f ■ Bia ®out Moo , 2b 2a . b/a 6kc
0*7 9,70 IOv IOVs 100, , ' 3*5 38J) Q,o9 a O' ' 5,2
QiS io,8 ii 9.9 99*0 5,8 37*0 0.157 9°.
0,85 11,76 it 9*7 97,0 9*0 36.7 o,2'b5 lb,2°
d\9 12,1|.6 it ' 9,1 91*0 13 *5 . 35.1 0.385 j O22,7
0*93 12.89 it i8, U ab»o 16,7 33.1 o*5o5 O30*3-
6,96 13.29 ii 7,0 70,0 19*5 26*3 0,7b2 b7.9°
6,98 13.56 ' ii ii,.6 14.6,0 ■ 17.9 20*2 . 0.887 62,5°
1,0 13,85 n O 0 ■a'lO ±90
1,02 lb,12 it 3*0 30*0 13.7 15,1 ' 0,908 ' 65i2
IsOii lhoh if 6,25 6^5 ■ 19,li. 26.7 0*727 "b6,7"
1,07 lb.82 ' it 8.0 80,0 17*1 30,1 0,569 '3ItYv
1*1 15,22 ' it , 8*93 89*3 lb, 5 33*0 0,b39 26,1
1,15 15,91 M 9bab 11,7 3b*b . 0,*3b ' 19*8"
1,2 16,6 Il ■ 9.7 97*0 ' 9,0 35,0 0*257 'Ib,^
1,3 18,0 U 9*82 98*2 5*3 37,0 0,lb3 8,-2
l,li 19,U . It ' 9*9 • 99*0 3*0 38.0 0,079 L5°
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'Si-High frequency region;- Between PO kc and 200 kc*

' ■ In these measurements circuits were designed for determination 

of, transmission characteristics for different- values of Q 0 and kn • Suit­

able values of Q 0'having a wide range were chosen* The experimental •. 

procedure was: exactly the same as before with the exception that the 

inductance of the coil and its quality factor were measured i n , a differ­

ent5 way* The coil and a variable dacade Capacitor were connected in 

parallel to form a ,parallel resonant circuit* "A pentode amplifier.using 

a 'type 6SJ? tube in a standard circuit with the resonant circuit as its 

' load impedance was built up* Measurements were taken at 'a frequency 
very close- to the resonant frequency of the bridged-T circuits under 

experiment* From a knowledge of the resonant frequency of the pentode 

"amplifier tank circuit1 and the gain of the ,amplifier^ the coil inductance; 

and Q 0 were computed as follows:—  ■ . . .

Ls = 1/(2 flfo f C9 

where G is the tuning capacity*.

- Amplifier gain1 = gmQ/2]tf0 Gji

where gm  = IbOO3 is the mutual conductance of the tube (measured value) * ■ 

It may be noted here that the resistance Rg included the coil resistance . 

plus the.• series resistance if any*, The Q at any other frequency : and with 

other values of the resistance Rs was computed b y  noting that Q ;is direct­

ly proportional to the frequency and inversely proportional to the resist*1

ance within this small range of frequency variation*.
: . ■ ■ . • ' 1.. .....

I* F vB 0Terman5 RADIO EhGIhEER*S HANDBOOK,' First Edition, pp U35*
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The experimental data is given in tables IV through X-, the correspond 
ding plots for different Q are shorn In Fig, Il and thqse for k in

Fig. 12.
Table IV, 

Circuit I,
Ls = 3 618 /<he.

f o =* 129.5 kc.

G "C/k™ 0,005 //F, 
Ic " I,

; Eg ■« li. 3  ohms-,:
E 2s 10,000 ,l 0

Measured amplification at IliJ

kc

kc —  IOli, 

^in

Hence, Q 0 107, 

TxlOO,

0,7 90.5 0,li ir 0 J1 v 100

0.8 103,5. it . »’ 100

0,85 110.0 Ii 0.398 99.5
0,9 ■ 116.5 0 , 5 0.1(95 99.0

' 0.93 120,5 « 0,U9 98.0

0.95 123.0 n 0,li9 98.0

0.97 125,5 tt 0,1(8 96*0

0,98 127.0 • tt 0.1(25 85*o

0.99 128,2 .» 0*32 ' 6 W ) ' ' "

1,0 129.5 ■ if 0,08 .......  1 6 » 0  ,
1,01 131*0 U 0.26 52,0

1.02 132.2 -Ir 0,38 76,0

1,03 133*5 fl 0,1(35 87.0

1,05 1 3 6 4 . 0 ■ S 0,1(8 96*0

- . 1*07 138.5 H o,5 iob

. 1U2..5.. ii . 0 ,5 , 1 0 0
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Table TL, 

Circuit --I,

L g  ^  6 1 8 c -  c / k ~  0*002  /*&* R g -  9 . 3

T 0  = ' 1 2 9 * 2  k c » . k  "  I *

.
Q 0 =  1 0 7  %  W / 9 , 3  ^  b 9 * 2 *  .

■s

f • f  

k c
Ein E o u i

T x L O O *

0 * 7 9 0 ^ O i U  T O o U  V 1 0 0  -

0 . 6 1 0 3 * 2 6 * 2 0 * U 9 9 8 * 0

0 * 8 5 1 1 0 , 0 n
' 0  - .  U 9 9 8 . 0

0  * 9  ' . 116*2 f t 0 + U 8 9 6 * 0

0 * 9 3 1 2 0 + 2
n 0 * U 8 9 6 * 6

' o » 9 5 1 2 3 * 0 i f
0 * U 7 9 U . 0

0 * 9 7  . 1 2 2 * 2
H

0 ^ U 2 8 U + 0

( X 9 8 . 1 2 7 . 0 If 0 , 3 U 6 8 * 6

0 * 9 9 1 2 8 * 2 If 0 * 2 . U o * o

i , o 1 2 9 * 2 St 0*08 1 6 , 0

I a O l 1 3 1 * 0 Sl 0 . 2 U 0 , 0

1 + 0 2 1 3 2 * 2 f l
0 * 3 2 6 U e O

1 * 0 3 1 3 3 * 2
SI 0 * 3 8 7 6 * 0

i * o 2 1 3 6 * 6 . I f 0 * U 6 . 92.0

. , 1 * 0 7 1 3 8 . 2
i f

0 * U 9 9 8 + 0

I o l 1 1 2 * 2
Sf

0 * 2 1 0 0

i

Oi'2BSe



B s. = 15.3 Ohrase-

Table VIe
Circuit 1».

Ls 618 /th. . c OuOO$fF«
f o  -  129.5 Be*. . ■ k  "  I .  - -

O o =  107 %  B.3/15»3 30»

30

Y f
kc %n, Sout T x l O O ,

0 . 7 90,5 6 , 5 .  v 0 , 5  v 1 0 0

0 , 8 1 0 3 , 5
» 0.39 97.5

0 . 8 5 1 1 0 . 0 H , 0*385 96*2
116.5 0.5 0 . 5 7 95*0

0,92 119.0 if 0 . 5 6 92.0
0.9L 1 2 1 . 5

U 0.555 9 1 * 0

0L96 . 1 2 5 , 5 0,395 79*0
0.98 1 2 7 , 0

ft O 0 2 6 52*0

0*99 1 2 8 , 2 U'
0 * 1 5 5  ■ 3 1 , 0

1 . 0 ' 129*5 ' .11: 0*08 1 6 , 0

1 . 0 1 . 1 3 1 . 0 If 0*16 32.0
1 . 0 2 132.2 If

0 , 2 5 5 8 , 0

1*03 133.5 tr 0*33 6 6 . 0

1*05 ■ 1 3 6 . 0 fi
' 0 , 5 2 8 5 . 0

1 * 0 ? 138*5 H
0 , 5 6 92*0

l,i . 1)42*5 tl 0.5 1 0 0



Oircuit £&

G  <!/* 0,00!%#* Rg =  26 Oms*
f o «» X29^$ &G0/ fe *  I 4,.

4. *  10? %  W / % 6  =  1 ? ^

r I
&9 s ;m %#, Taoo

%? 90#S 0*L ? 0»Ji v ■ 100
o»e 103.̂ « 0*39 9?»S
0*85 o#2 &.&? 9W)

m6 ŝ » 0*1*6 .92.0
0a#- . 120*2 & . , o*W 86.0
OwPS 12^0 it 0,38 76,0
Gw97 1&S#2 0 0*28 26J)
W8 127*6 « 0#l8 36j>
0*99 328*2 . # 0,11$ R̂Lo
1*0 329̂ 2 ' .« 0*09 18*0
%*{& 131*0 'Si OJJ 26*0

132»& 8 MB 36*0
1,83 133*2 tt 0&2b JWLo
3̂ 8$ . 136*0 ' f<‘ 0*332 67.0
1̂ 0? 138*S a W92 79*0
W it MS 90*0
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Table VIII. ^
Circuit 1»

C' «  0.02/F» C/k - O.CX)5^F.
fo — 102,6 kco Es s  Uo 3 ohms^

Q. = 9 0 .

Y f  ■ 
kc % ut TxLOO

0 . 9 9 2 * 3 OftU  T O ftU T IOQ

0 . 9 3 9 2 . 2
W

o * U 100

0 . 9 2 9 7 . 7
Il

o . U 100

0 . 9 7 9 9 * 7
It

o , 3 9 9 7 * 2

0 , 9 8 100*2 ; W 0 . 3 8 9 2 , o

0 . 9 9 101*6 11
' 0 . 3 U 8 2 * 0

1 .0 IoaftO II 0.082 21.0

1 .0 1 103*8 n 0 ,32 . 80*0
1 .0 2 10U*8 H

0 * 3 7 9 2 , 2

1*03 ' 102*8 Ir
0 . 3 9 9 7 * 2

I eOU 1 0 6 * 9
if 0 * 3 9 8 9 9 * 2

W )2 1 0 7 * 9 2
ir

o * U 100;

Lg ■■= "6l8y.hb .
k @.1:U» ■
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Table IX. -
Circuit I*,-

bg 58 6l8/*b0 C - QeOlrF. .
Rs-" Ue3 ohms*. C/k ~ OeOOgrF..
f. ~ 112*7 kce,'

Q0 ■" 92.2.
k ̂  2*

r S - 

kb s I n ^ o u t  -
T f L O O

0 * 9 I O l e g O e  U  V 0 * U  I r 1 0 0

0 » 9 3 I O i i e g -Jf
@ . u 1 0 0

0 * # 107*0 11
o * U 1 0 0

0 * 9 7 1 0 9 # 3
Iff

0 . 3 9 g 9 9 * 0

Q ? 9 8  . I l O e - U V ( L 3 8 . 9 g * 0

0 , 9 9
TI • 0 . 3 1 7 7 * g

I f P 1 1 2 * 7
Tf 0*08 2 0 * 0

L e d ' 1 1 3 . 9  - o , g 0 , 3 g g 7 1 * 0

1 * 0 2 i i g . o
i t

Q e U U 8 8 . 0

1 , 0 3 1 1 6 . 1 Tt
0 + U 7 g 9 g * 0

I e - O g . 1 1 8 * U
Il

o . g 1 0 0

1 , 0 7 1 2 0 e g V O e g 1 0 0

1 * 1 1 2 U . 0
It

1 0 0



J a K L e X 5 , 

Circuit I * ■

ls~  618/41». r C W 0.005fF.
Ss k*3 ohms ," G/k -S' 0.01/aF,

io = 112.7 kc,'
Q, *92:24.

k 0.5*;

r £
kc ^in Eout ' TxlOO

0*8 90,0 Oe )4 w 0,4 r 100

0.9 101,5 it 0,395 99*2

0.93 10)4,9 11 0,39 97.5

Of92 107*0 .» 0,38 95,0

Q<97 . 109.3 . 0,5 o*la5 83,0

0,98 110.U u. ■ 0.36 72,0

0,99 . m » 5 u 0.214 !48,0

1,0 . 112,7 H 0,0? 1)4,0

1,01 113^9 ■If, 0.22 UHfeO
1.02 115,0 ft 0*3U 68,0

1,03 116.1 » 0,1*05 81,0

1,0S IlSwIi- Il O.ljS 96;o

1*07 120,5 It . 0*5 100 '

1,1 12U.0 « ' o*5 100
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DiscaSsion0

At this stage a comparison of the experimental results rail 
be made with the theoretical derivations. Resonant frequencies of the 

circuits used were calculated from Eq. 16, and the values of R- that 
correspond to null, transmission at resonance were • evaluated from Eqv 1 5 > 

The computed and. experimental values are given below for comparison*.

The experimental values- of R shown in table III were measured by use of 

an ohmmeter contained in a commercial multimeter.. Hence the measured 
values of B were not determined with a high degree of accuracy.

Table XI*
Comparison of resonant frequencies..

Reference- Calculated Experimental
to table Values values .

I to 111 . - 13*89 kes» 13=85 kcs=

BT to YII 126»- ' " .129*5 * .
Till 101 <„ 3 " 1 0 2 . 6  «

IX to X ■ 1 1 1 *2 '« 112,7 " *

Table XII.

Comparison of the values of B e

Reference Calculated. Experimental
"to table values values

I, .■ 852.5 ohms 8 7 0 ». ohms

Il , 1 , 5 6 8  " . ■ 1,500 ' " ■

III 3,683 « 5,500 "

IT % 5 P 0  " 1 0 , 0 0 0  ' « »
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Comparison of the experimental and calculated values of the 

resonant frequency and of the shunting resistance E reveals good agree­

ment within the limits of experimental.accuracy, thus supporting equations. 
l£> and 1 6 «, ■ .

It may be mentioned that capacities smaller than 0.003/F were 

not used in the circuits because the effect of c, the stray capacity at 
the junction point, was 'then -noticeable in altering the circuit perform-+ 
once.

The transmission and phase-shift characteristics of the cir­

cuit can be calculated from Bqs# 18 and 19 respectively*. Such calcula­

tions and results are shorn in tables XIII and X IT, -
The experimental transmission and phase-shift characteristics 

are compared with the . theoretical curves in Fig*, 13« It is evident that

the theoretical and experimental curves for CL- 1 3  differ'only slightly
- . ' ' "

and in only certain regions, the maximum deflation not exceeding 7  percent,. 

This deviation is due to error involved In accurate measurement of Q 0.,

The curves for Q0- 107 differ- appreciably ,In the region between ,IiQlf0  

to IiOlif0 . In this case the method used to measure Q 0 at these high, 

frequencies was subject to high percentage error which is- responsible for 

this wide deviation.. The capcity c also has a small contribution to 

this difference*; The experimental curve for Q 0 - 107 is slightly dis—  ■ 

placed towards the right* This is probably the result of a small error 

in the determination of the exact resonant frequency since the minimum 

transmission occurred over a narrow band rather than at one definite 
frequency. Moreover, this experimental curve does not pass through zero 

transmission at resonance; this is due to the R.F. oscillator harmonies 

which were not suppressed' at resonance of the fundamental-.
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Table XIIIe.

Theoretical Data,- Circuit Ie

Qo = 13, k *- Ik

r A= lyf © =S —tail1 A*

0.o? 1*37 0*211 1.-OUU 9&.0 "11.9
0«,8 2*22 0*-3U2 1*117 "18.8

0,9 U.-7U. 0*728 . 1*517 81.3
,0

-36 '
0,92 ^*9U 0.903 ■ 1,815 7 W -Us0I-.

0,9U 8*1 1.2U5 2*55 63*6 "51.2 -
0.96 12.3 1 ^ 9 U.5& U6*7

0.98 2U>5 3*78 15%3 25*6 —75.2 .

1,0 CO 00 . 00 0

1*02 «25.3 -3*92 16 A  ■ 2U.7 75,7 -

I0OU -13.0 -2,0 5*o : ■ LdioS 63,U :

1^06 -8*85 -“1*36 2A5- 5 9 A 53,17'.

1*08 -6.76 -I0QU 2.08, 69-4'U U6.1

1.1 —5.2U -0.807 1*65. 77.8 39' -

1*2 -2.73 -0.U2 1*18. 92,0 22.7°

1*3 —1*88 -0,29 I0GSU 96&0 16,2°

l.U -1SU6 -0*225 i.o5 98*0 12*5*
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Table IlTi- 

Oireuit 1» 

Theoretical Bata

Qo =  107, k  -  I*

Tf
O , f
OaP

r
i  - T i

U, 7U

A=
. o i i i

■ .0*882

dCO 7 ^■ « OvlPl

0*96 • 12-.3 0 * 2 3

0.98 2U.5 ' o,U27

(L99 U9*^ Ga-922

1 . 0 ■00 00

1.01 -20.2 ^0i#9U2'

1 . 0 2 -22,2 -0.U76

I eOU: -13.0 -0^2U3

1 . 0 6 - 8.82 -0.162

1 . 0 8 — 6 . 7 6 - 0 , 1 2 6

1 , 1 —  2.2U - 0 ^ 9 8

2  c ? ^ s ' ih i

H-fx- 

1,008

I 0 0  

1 0 0

0--tcuit fi- n.'iif'- v.fg
1 . 0 2 3 9 8 * 8

Cq1

1.023 97*2
1.209 90*9 — 3-7')
1,826 73,2.

0 0 0 I t9o°
1*887 72,7 43̂ +
1.227 • 90*8

1,029 97*0 13.7'

1*027 98.7 ■ 9,f
1 . 0 1 6 99.3 i . y

1.009 100 6.
4.9
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ThB transmission characteristics shorn) in Figs.» 9 and 11 

obtained from experiment^ clearly indicate that higher values of Q 0 

result in higher circuit selectivity,/ The phase-shift curves in Figai 10 
show that higher Q 0 also leadsto less phase shift at frequencies off 

resonance*, Figpre 12 indicates that greater values of ,Ie lead to higher 

selectivity* These results are exactly in agreement m t h  the theoretical. 

conclusions cm page 12* Of course for figure 12, higher values of jfc were 
accompanied by slightly lower. Q 0 due to sma3.1er resonant frequency^ yet 

the improvement in selectivity is quite noticeable* If Q 0 was kept fixed 

for the different values of k, the curves would show more selectivity 
as k was made larger*: This agreement between the theoretical and .experi­

mental, results verifies "Eta*

In the higli frequency region the phase angles could not be 

■" measured because the H 0F oscillator contained appreciable harmonics 

which, together with extraneous disturbances, produced patterns on the 
oscilloscope screen that were of very irregular Shape6l
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Experiment on circuit 2* ■

Experiments on this Cirenitjl Fig» iyere, conducted to determine
the transmission and phase shift characteristics for different values-of 

Q (defined as a pure ratio of the reactance of the coil and the resistance 
of Ep) and k, in the low frequency region between 850 cycles and 50 kc* 

Circuit parameters were so, chosen as to make a suitable compromise between 
circuit ,selectivity and loading* The shunting resistance Rp and the bridg­
ing resistance R  had different values for each value of Q 0 used» In each 

case. Ep was first selected to give the desired Q o and then the value of R  • 
was finally adjusted during experiment until the circuit transmission was 

exactly nil! at resonance,. At this point the resonant condition as given 
by Eq„ 28 was satisfied*

The inductance of the coil and the resistance Rp  were measured 

at 1000 ■ cycles by an impedance bridge, Q c was computed from the relation*
Q. =  RKfoIp/Rp* .

., Experimental procedure- was . exactly the same as before,; Results 
of these measurements are given. In tables XV to XXI* and the corresponds 

ing curves are shown by figures IR to 17, -
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Tatile XV0 

Circuit 2»,
Ip = 5.25 mb. C-G/k -  O „02 /tF. ' Ep s 370 ohms.
£0 =  11.25 kc* k  Tl.'

Qo " I .

Y ' f 
kc

Transmission 

Si» Eout.

E
2b

Ehasa angle 
in ?  3 volts..

2a b/a • e

Owl 1.125 10 V 9 .8 TT 98,0 3.0 0.176 10.2°
0.2 2.25 : 61 9.3 - 93^0 5«U 16 - 0.31*8 19.70
OeU U.5 - Tl . 7.U - 7U.0 •8.o 12.5 0.61* 39.8°
0.6 . 6.75- tr C

O

-3 1*8.0 '7.1*5 8*55 0.875 61°
0.8 9,0 ' . «■' 2.2- 22.0 • 9.0 9 A 0.958 76.5°
0.9 10.125 M 1.1 11,0 'O v o .

IeO 11.25' M G,.005 o.5 ■ «. b, 6 - i90°

1*1 12.38' U 0.9 9.0 ■ ,oi,,©-..

1.2 13.5 ' 11 1.75 17.5 6.0 6.6 0,91*7 71.2°

‘leU 15.75- H 3.15 31.5 9V7 12.0 0,81 ‘ 51*. 1°
1.6 18.0 11 U.35 U3.5 10.6 15.3 0.692 1*3*8°
1.8 20*3 fl 5.5 55.o 11.9 18.9 0.63 39°
2.0 22.5 M 6.1 61.0 12.U 21.0 0.59 36.2°



Table XVI.
Circuit 2.,

Lp = 5 »25 Ohti, C"C/k -  0 ,02  AF, R_ »  ?ltO ohms»,

=  11,25 kc* k

Y f
3cc

Transmission

/ o u t 2b

Phase
Bi „ = 3

2a

angle ' 
volts.

b/a e

oil 1.125 10 Y 9o9 Y 99-- 2 . 1 19 0.11
0,2 2.25 Vr . 9.75 . 97^5 3.7 18.5 0.2* 31,5
o,k L 5 5 Y . U,!i5 89 7^2 17,6 o,ltb8 2U$1
0 , 6 6,75 ir 3'.65 73' 9.0 13.8 0^652 ltO,7°

0 , 8 9.0 V 2 , 0 Uo' 6,8 7.8 0,87 60.5°
1.0 11.25 U O 0 W e & e t90 '
1.2 13.5 TJ 1.8 36 • 11.5 13.it 0.85 59.3
IoU 15.75 Ii 2̂ .9 58 15.5 21.5 0,722 U6.2
1,6 1 8 . 0 ti 3.6 72 15*8 26.5 0.596 36*^
1,8 20,3 If It.o 8 0 Htbi 29.3 0 ,U8 28.8'
2.0 22.5 » llo25 85 12,8 30oU 0.U21 Slto-B



TaMg %9II.

Jbp *  2 * #  all. O C / k  =; ! L *  3*720 <8 3 9%**

i ^ * 2 & * 3 k G t /  . . B  # 5 # o h m .

frsrisoilssicsi ftese az^Le 
*  3 v*

y t
ko b H 1 4oa& Tg 2a b/a ' 0

0*1 ' 2*$3 ' S v  - 100 13.S 0*092 k .7
0^2 W * & , U*98 98.6 W 13.1» OtiB? 7*6°

8.92 « W S 97^0 3*2 12»8 0*25 l k ^ °
0*6 13 3̂$ m k S  . 90*0 W 12*0 W 2S 20*2°
0*8 37. # to 3*& 68.0 9*0 W * 2°
IsO ' • 22*3 - @ 0 O *6r ■a-ti
% 2 ^ * 8 tr . 3^ S 63.0 6.3 B*k " 0*70 W . S

31,2 . to W B 83*6 . W io*S ' O ^ S S ' 33*0 °
1»6 ' W 2 W Halt & , w 2kck
3^8 # * 2 # W ItilO 13*8 % 2$ 16,9°
2#0 % » 6 R k*B $6.0 2.S 12*0 0*308 12°



k?

(MAsnit 2+

a  2*2$ *&+ . GtdS/Sc =  OdOQjg Bi %  3?0 o W 8 *

Sq  -ist' 22»3- ko* • Ic» 1 #  E  x  ̂ Sf>0 ohms .'

Qe*a...'

Transmission Phase angle 
Ein = 3v

Y f'
kc ej» - Sb 2a b /a 8  •

Oal 2a23 Bv W t 9  v 91*8 6*0 13*6 (JolsitS ' 26*2°

0^2 L t W # W t 7.0 m o 0*636 39*5"
W i 8.92 'n % 3 2  . W . B ii*2 12*9 0 * # 2 63*1

O ^ 13*38 'n 1*2? 29*4 6*89 7*0 0*98 78.5°
0,8 l?*8k » d # 10*6 ' 3.8 3*85 0*9$6
1*0 22.3 SI O O .. t90
1*2 2&w8 ft 0*0fi % 0 -2*8 2*9 0*96$

Iali- 31,2 if ( W 16*0 4*6 . ^  - 0*92 66*9"
1#6 39,6 Tf 1*19 23*6 6*0 W 0.87 , 60.3°
1.8 W . 2 if lisli 28.6 7#1 % 7  ' 0.B16 I O
2*0 8 . W  ' 3 W IlwO 9*1 0*785 ^L*7°



T R A N S M I S S I O N  CH A R A C T E R IS T IC S  ,  CIRCUIT 2 , ,
C O N S T A N T  k  = I .

4 8

1.0 I
F R E R U  E N C T  .DEVIATION Y

Fig--H-
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PHASE-SHIFT CHARACTERISTIC!.,  CIRCUIT Z 

CoMSTa n t  k« I.
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go

GisfoiJit. 3»
G  *  C W  /P* . , K y K T W  O t W k

q/ka:(kkB2AF* '
%  ar 0^398. 
k  =  O.L76^

B  K  52$ ohme

$3?QBsmissioa Bias© SBRle
%&- 3

Y £
k@. & , 08& %g ' - @& 2a . e -

Oyl o#@@g S v 4*98 v 99*6 1*8 13.1 0JL38 7*8°
D#& l*7g A- 96J& .%h I W 0^66 15̂ 4°
Ofh- 3#58 * 4*3 #6* g#n$ 11*2- o,49 29*4"
0*6 2*3? 3*27 ^*4 6Js 8*7 o#735 41*3°
W 7^6 % 3V 0 35* 4*3 4*7 0*91$ 66*2°
W 8*9$ ■«= O S -*$ #*> - %#

H ' 1*4 28* 3*6 3*8 .0*947 72*5°
12*S3 tt 3*38 47*6 - 5*3 6*4 0*63 5 6 ^

%»6 1L^32 a 62̂ 6*0 8*0 0*75 48*5°
16*1 S "3*5 70*, 6*2 9*3 0*667 4L̂ 8"

2.0 17.9 Ji 76*4 6*2 ioa 0.613 37*8'



Circuit 2«

L 0 =T 5a2g mild C = Od02 /*F, R -  7li0 ohms. '
p P -

I0 - 13.2 kc. C/k =  O 6Ol / P 6 , E -  I^OgO Lhms6,

Q =0,286.-o
k =  2. .

2L

Y fIcc

Trsnsmission

. ’ 2b

Phase angle
Bin = ̂  ;

2a b/a e

0,1' 1.36 10 Kr 9»92 T 99.2 1.8 17*1 0,12 6*1
0.2 2.61 ft- ■ 9,8 98 3&2 17»2 0*2 11,6°
OaIt 2.28 If 9*2 , 92 6y3 12.8 0.398 23,3°
0.6 7.92 H 7,2 72 ' 8.3 13*0 0,639 39.7°
0.8 10,26 2 v 2.12 lt3 ' . 6.6 7*k 0.892 63.1°
1.0 13.2 , M o,oo2 I . ' -e:» *■» e <n +90"
1.2 12.82 ft 2.1 It 2 6,3 7.1 0*887 62,2*
i*U 18*20 H 3*1 62 9*2 12.8 . 0.7b2 1(7*9"
1.6 21,11 . " 3.6 72 ' 13.7 21,0 0*679 lt2*7°
1.8 23.8 !I U.2 81t ' • 10*8 ‘ 21.lt o*2o2 30,3°
2.0 26,%. $< lt,lt 88 9A 20,8 0,lt37 22*9°



5%
m & e %
'CireniS 2»

' l p  s s 5*25 Sib*- O # 0,02 /*?y . EL % J h rQ . 4&B&*,
£̂ ? $$j &o» 0/Ac *”»= OiiOO^ /mK*, O q  O c535«' '

k # & * ,  -.

% .£  c  3  "vv

V £
W

% a  - &  ^eu L ,
8 ) 2 A h/% ©

Xoh3 5  v 1**95 #
'4

I t i S 1 3 . 6 0 * 1 1  . 6 ^

0 * 2 2 * 8 6 JT W 9 8 2 * 5 , 1 3 + 6 0 * 1 % 1 0 + 6

0 * 1 ; 5 * 7 2 S’ W 5 9 3 3 2 ^ 0 * 3 6 2 2 1 # 2 ° .

0 , 6 8 * 5 8 -W 3 * 9 8 7 9 * 6 6 * 6 n * o 0 * 6 3 6 * 8 °  '

0 * 8 IS U liS W 2 * 3 5  - k ? ' 5 * 7 W 0 * 8 5 5 8 * 3 °

% $ 0 ' l k * 3 It O O •ffb- Sf+f- -+-&

1 * 2 1 7 * 1 5 » 2 * 1  . l # U#9 5 * 7 0 , 8 6 5 9 * 3 ^

2 0 t$ 3 . 2 3 6 k * 6 6 * 3 9 * 0 0 f ;7 Mie.B

1 * 6 2 2 ^ W 3 * 9 # 5 * 8 . W 0 + 5 9 7 3 & y

1 » 8 2 5 * 7 ft W % 5 * 2 1 0 * 6 0 * k 9

2 * 0 2 8 * 6 Tt k a l i 8 8 k » 8 1 0 * 7 Oie-MiS 2 6 . 8 °
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k „  0.476,  « e= o-"$96.

l.o I
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phase - shift characteristics . circuit t

k = 0-476 ,Q =  o,338 

x  k - 4  ,  Q .=  o , C 3 y .
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Discussion^
At this point a  comparison of the experimental results and the 

theoretical derivations: ivill be made  ̂ Resonant frequencies of the circuits 

used were calculated from Eq4 2 %  and the values of R that -correspond to 

null transmission at resonance were evaluated from Eq0 28, The calculated 
and experimental values are given below for comparison,. The experimental 

values of R  shown in. the table XSIXX were measured by the use of an ohmmeter 
contained in a commercial multimeter. Hence the measured values of R were 

not determined with great accuracy*

■ ' ■ TABLE SSIIi
Comparison of resonant frequencies,

Reference Calculated Experimental
to table . values values
SE, SVI 10,98 kcs.

• -
11,* 25 -kcs *

■ XVII3.. SVIII  ̂ 22,0 " 22*3 w ....
SIX ■: .8*82 * & , #
SS 12*7 " ■ 13^2 *.
XSI 13*9 " lli. , 3 • " ,

Table XSlII9

Comparison of the Values of R,

Reference Calculated Experimental.
to table values values

. SVII 5U7, ohms 575 ohms
XVIII 5*35o % '
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Gomparison of the resonant frequencies in table XXII reveals 
that there is good agreement between the calculated and experimental 

' results5 and the-resonant condition given by Eqe 29 is verified* The 

slight difference between the two is due to errors in accurate determina­
tion of Ip and C 6 Ba table XXIIJ9 the values of E agree fairly well and 

hence verify the resonant condition given by Eq„ 2S9 the difference being 
due largely to an inaccurate determination of B„.

'In this case also,, capacities smaller than 0«,0G3/F were not used 

in the circuits because then the effect of %  the stray.capcity of the 

■" junction point* was noticeable in altering the circuit performance*
The transmission and phase shift characteristics of the circuit

■

"can be calculated from Bqs,*. 31 and .32* respectively* Such calculations 
. .are shown in tables XXIV to XXVXe The calculated points are plotted in 

figures 18 and 1 9 * '

Comparison of the experimental and calculated transmission char­

acteristics in Fig* 18 shows excellent agreement*'* Hence Eq„ 31 is fully 

verified* ;" . , ' ,•

The phase shift curves in Fig* 19 show close correspondence
1 , 1  .

between the theoretical and experimental■results only for frequencies 

below the resonant, frequency* At frequencies above the resonant frequency 

the experimental curves deviate considerably from their corresponding 

theoretical curves* .The reason for such a wide divergence is quite obscure* 
However3it at the higher frequencies the small cap/city c has a- contribution^, 
but not to such , an extent revealed by the comparison*



Table T m ,

Theoretical Data5 Circuit Z6
Q0 I5 k -  I,.

Y ft = % ‘ I+ A2,
T * 7 & '

© =- —ira/n *A

0,1 0,102 0.20k i.bks 98* - 1 1 ,5 °
0*2 0*208 0.kl6 1 4 ?.. 92,6 -2%.5°
0,U O.bT? 0,95k . ... 1*91 ' 72*k “43,7°
0.6 0,937 1*87- k,5 ■ k2+2 -61.9°
0*8 2.22 hckh . 20.7 21.9 -77,3'
1,0 CO OO 00 • '' O . dgo'
1,2 -2.73 -5ek6 30,8 0H". 79*6°

I M . —2*92 9*5 ' 32.k 71,1°

1.6 -1,025 -2.05 5,2 kk.2 ■ 61t,l°

1.8 -0*80h -1.61 3 , # 53.5 58,f
2.0 0 ' —0*666 -1*33 2*78 59„8 . 0

53.1



Table XK9.

Theoretical Bata, Circuit 2*

Q0Jjs-0*5# k s’ 1«

y y
I - Yx A - l + A 8'

T % ’ v r f ^
Qc=-Tam A-

Ool 0 * 1 0 2 0 * 1 0 2 1 * 0 1 1 0 0
, O

-5*8

0.2 0 , 2 0 8 0 , 2 0 8 l*0b3 . 98. -11*7°

o , b 0*477 0*b77 1*227 90» -25*5"
o : 6 0*937 0.987 i;8% 73 * 5 -U3o2°

O0S 2*22 2.p2 Ul., -65.7°
IoO Od- 0 0 GO 0 t90"

I o  2 -2,73 -2.73 8.b5 3b,5 69.7°
lob - l . W -I0W  ■ '3*13 S5,5"

1 . 6 -l*02g -1*025 2,0b 70. t o . /

I o  8 -0.80b -0.80b l * 6 b 0
CO$>• 38.8

2.0 - 0 * 6 6 6 - 0 * 6 6 6 IoUb . 83» 33.7°
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Table XXVI.
Theoretical Data9 Circuit,2*

Q0= Z9 fc = I.

Y Y
1-1* A= ̂ H-A5iz I —»/© = -i<w A

0,1 ' 0,102 0.108 1,166 92.6 -21.7*
CL2 0,208 0,832 1.69 76*9 —39*8

0,li?7 1.91 1.6 16.7 -62.1

0,6 0.937 3.71 15,0 25.7 -75 -

0.8 2.22 8,88 . 79,7 ■ 11,2 -83.6

1*0 00 00 GO 0 ' l90e

1,2 -2.73 -10,92 121. ■ 9.. 81.8°

IoU -1.L6 -$.81 3$. 16.9 80,1*

1.6 -1,025 —1.1 17.8 23,2 76*3°
1.8 —OoSOU -3.22 11,3 29.7

O
72.7

2.0 -0,666 — 2,66 8.2 3$.2 69.1 .



o.8 l.o 1.2 I.B
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The transmission characteristics shou>n in Pig* lU clearly indi­

cate that smaller values of Q c yield greater selectivity. Also5 higher .
e

values- of Q 0 produce less phase shift at frequencies off resonance as is 

indicated by the curves in .Fige 15« The curves of Flge 16 show that high­
er values of k produce higher selectivity* These results are in exact' 
agreement with the.theoretical' conclusions on page 16« Of course for 

Fig* 16 higher values of k were accompanied by increased values of Q 0 so 

that the improvement in selectivity was slightly masked by increases in 

Q o * In Fige IT2,.. with the increase of k the corresponding increase in 

Q 0 was such that the improvement in phase shift is only slightly notice? 
able* If Q 0 was held fixed and k increased,, higher selectivity and less 

phase shift would be more distinct for higher values of k?: as concluded 

from theory* .
It was intended to extend the present work into the radio Ire? 

quency region,, but many complications arose. For. example, the R eF* osci­

llator harmonics, distributed coil capacity, other stray capacities, etc,, 

disturbed the experiment. In order to conduct experiments in this region, 

precautions must be taken to minimise and avoid those disturbing effects*
'Complete elimination of these' effects would require a separate study! 

consequently experimentation in this range ±s incomplete and is omitted 

from this paper*.



S1Oggaay sad Conel'asiQasg.

iawesfeigatioti of #e bridge d"® BeiaosKa wee based m  a 
sound ITatKeiaatieal theory Sevdloped i n  & perfeet-ly generalised my* 
tSiOtigli only two tgpissal e.irGuifcs were selected S m  ea^esinento., the 
theory is quite gems&l and could be applied' to any Iasidgeiwf mtefosk. 
and its obasacteslstico ieteraained theomtlcally* fho dieeuspion® ootrosw 
ad Wth the syaimtsieal and nonsymietslcal edtrenltŝ  inelading the dotes®** 
!nation of all their olmsacterlstlcs excepting the actual. ̂ eamWnent of 
the -input and output iupedanoos* 33m theoretical oonolueions wore sell 
supported by ô ssir̂ utcil sesdlfs.̂

fho circuit sdloetivity and phase shift cliuraoteristics can 
be -easily controlled by variation of ...circuit paranetesc* The component 
vflms were, almyc so chosen as to Wke a compromise between selectivity 
and loadaiig of the circuit*.. 3S' oWek" to- avoM the -effect of stray 
capacitŷ , the circuit capacitors were large cohered with 'the stray 
caraoltancac*

Tlio asst salient feature of WldgBtMi' networks is their in*»-
f i n i t o  a t te n u a t io n  cor s e r e  tra n sm isc ie n  a t  th e  ro a e n m t freq u en cy  though

considerable dissipation, .eslets Sm sum of the CSÊ omnta0i la contrast 
to cm aiitircnomnt wave t r a p ^  where the IspoSanee simply passes through 
itc naiilama at rosononec9, ttio raGonant impedance of bridged**̂  c i r c u i t s  

becomec infinite* This MMs for lew audio .frêusuoies.* In order
4%o have oadb h ig h  %%mcwca%& inpe&mqeB I a  th e  au d io  ISeecpacwacgr reg io n  b y

a parallel resonant Oircuit9 a  Mga coil of impracticable else would be 
needed*

63



6a
Zbosg eirouiSs JiSffo SCleeiiw response over ■& bond, of fire-' 

^ucmoiGs a b o u t t &0 im o n a H t fp&guengRp tb a  d e s ir e d  db& caeto riB tiqs 

bea3GQ&*aiaB&#&%Bri8K%xaP43x&BB4%2<2 sad  k* Eba u b g y a a e tr ia d l c i r c u i t s  

u l t h  h ig h e r  valweo o f  k  ^ d e ld  IK ddar e a & e d tie ity  aod I a s s  phase  a b i f t  a t  

f r e q u m o ie s  o f f  aNsSksSHaoee*, IEci ffieur o f  IWbdLs jaaGLewetdCes* re sp o n se  property^,, 

these Gireuits Gtm be u se d  as tirade filters bav ing  the desired frequency ' 
response over the d e s ir e d  bend* They c m  also be used as feetKoack 

c i r c u i t s  ±&%WLcb c c s c  th e y  o u s t  h av e  Iktwe re q p iro d  freq u en cy  rcsponso  

end phase s h a f t  oSgaisasdboadLEdkicM; ovmr t h e  d e s ire d  freq u e n cy  razyga*

Xn q p a r a t lm  these c i r c u i t s  ore v m y  S itsp lcfl the generator 
Siti the load being connected directly across the input cmd Cutput8 

re s p e c tiv e ly *  She input md  output tcmlmsie have a cobbob g r o # 4  
*DB8Gqp8dQkF4X%q#Ub%tawao@aBaRPigr a a r th  coB aeo tloas o re  n o t

m  tuircdo. care c h o u M  be takam to eliminate direct coupO-isg

IiottBDU the source m i  the load end alec to ovoid th e  effect- of waaatei 

capceitlce, G m  Cf the disadvantages o f  these circuits is- Ibat5 unlike 

antiresanart vibrio t r # %  they lead both the source end the detector 

OBBGBSidbidb th e y  e# a  in s e r te d  and bonoa have  In Q ertio n  lobe+

3 b  Id a #  o f  tl% air p e r f e c t  a n i l  ^ a n e m isa io n  a t  t h e  re so n an t 

freq u en cy , b rid g e d * ! c i r c u i t s  C sa be u sed  a s  ra v e  t r a p s  f o r  a b so lu te  

o iip p rcss icu  o f  any e i n # e  f r e  -uenoy r/hore- th e  Cre-^ucney t o  b e  f i l t e r e d  

eo rrc sp o ^ d - t o  th e  mcononfc o f  th@ c irc u it* , %%r -m suit-*

u h la  f o r  f i l t e r i n g  a  su p p ly  .Gon^L%tU% many d i f f e r o n t  frequcncieD  oimca 

th e s e  c i r c u i t s  n i l l  su p p recs  orily  a  v e ry  n o r r m  band o f  fm q u e n c ie s  due 

t o  t h e i r  h ig h  s e le c t iv i ty , .
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They can also be used as bridge Iaeasui-tIng instruments for . 

measuring inductance^, capacitance^., resistance^ dielectric constant^ 
quality factor and unknoY/n frequencies^ In these applications Tery 

little attention need be paid to circuit characteristics except to 
obtain a perfect null at the desired balance point0
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;p ;jen ix .

I .  General Theory.

Let E1 represent tfc lapreeaed input voltage and

the output voltage of the britiged-T circuit liown in Fig* I* The 
disposition of the component impedances and the polarity of the 
voltages are as indicated in the 
Vipurt . -Iyirt , Lrrhho f ’s 

laws to the different mashes 

of the circuit, the voltage 

and cuin-ent relations become

( 3) “ • ...... la«

- - ( ) ......  lb*
" — I I-; — T~ *■ ̂  3 I . ...... lc«

placing them in matrix form.
■JI

-1Ga =

O

3 

T
If D, the determinant of the impedance Er.trim, is nob zero (which 

sill hold true under ail the circumstance • to be considered), the

-.7.

It

Is

I3

matrix may be inverteu into the form
Ii I
T
1 S P
In

t

where, = (the cofactor of the ith row and jth column of * )- dj^
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iTkerefere5

D 3k

"Zg -Z1

Z3 +Z3 . -%e.

-Zg . %l+?2 +%*

*•*7’3

—  Zq. ( Z1Zg J~ Z 3  73  "f* 7' i'Zĝ  - » « + * = * Sb *

"^3

-^a Sf ̂7.^+7,^

~ Z-I1Z3 + Zg&3 f t̂g1Z3 + Z3Z^ -fr EgZ^ « Zbe

dIl "

% a  ” tV l  *

Asa "

Z'3

%  Zi+2a+%4

— ZliZ3 "4" ZgZgi-4; Z1Z3 4” ZtgZvg1 e> e:-*-:e- * '* OO'o'

Zx^Z3 . , -Z1

-Z1 ZgyKZg-rZa

—  Z1Zg 4" ZgZg ^  Z 1Zy 4* Z1Z^ 4* ZgZ4J » -ei-e-.e-i*- SSa

Xa., Ketwork transmission- and rosoaaaoe.

Eroia tke above deductions an expression for the 

circuit transmission. 1’ -  E3ZE1 .> will be derived under conditions &t no 

load* From Flg „ I it may. be seen that no load condition is given by

Xg - 0.
I

St1OB Bqv 25, Xg — C ̂ g1B 1 — as--a") ■•■
’ D

Henee under no load condition^ for X3, - O5 -

A r - A  “ - G
d

TkerefOX1B9. T - — s'i

Er

2i%s +  %a?3 +'ZiOs +  Z 3 Z4
.-,,.,It ..... ..

Z1 Z 3  4- Z 3 Z3  +  Z1 Z 3  4 Z3 Z4  4 Z 1 Z-A
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lb. ciutv Llcnt !-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, nd T4 of Fig, I

such that this ^-circuit may be an

vi uivalent representative of the + f"
I

original oritiged-T circuit. It is ft
I

clear from a comparison of Fig* I - -

anu rig. 2 th,.t I1 is the same as Fig. 2.
I , I2 is the same as I- , but I3 / If...

From q. 2 I
I1 - - C u H 1lI - d 12 I-) ......

D
6&.

I
( ‘‘is I -1 )• ......

D
6b.

From Pig. 2 F  V  - V  ■ ‘i

*. - 1C ) ' "F=>
or. 1A = e I ^ A  * 1C ........... 7a.

1B * f 1C ................... 7b.

Torn Eq. 6 {( " ) I ) J *

row Pa, 7 I - Xb  = E1A a  + E2A 8 .

ince I1 - I2 = I  - In , these two equations givea o

7A “ d
D

ii d is
,

B — Ci-i
8b
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If ia this eqltatlcm values'of !̂ ,.anci I are substituted from Eqs, 8 
and. values of Zft aad from: Eqs, ■ %  and slaice I1 & %_ aad I2 «

^ia ^:u • ' -.
"C = '"*5 -* B 1 «■ Sg.,

applying ICircMuoff s law to the meshea of the eireuit In Fig^ 8* ■

' ( V V z0U i o aslA1I +  W

•el'jf. ' I<3 = Bi ,ti" ̂ s4' ( I q S-
i & W i i g  c b W A W  Iqr (mb^iWstoni of % s *  T* l a s t i n g ,  the value of

from above and reducing:^.

■ ♦ 1 Zq  —  D/d-^g * *.*e.ww*tw ■ -Sc*"

i H  equations 8 are perfectly general and applicable to mgr eomplez

network.' ■ ' , '

tf In Eqs* 8 the values of D and d’e are substituted teem Sqa.- 5 and
reduced^-

.^A = ,«• * *•»■*

zB =
Zi%e t- KgZg t %i%3

%
. : . . . •  *».*# Whlf-

^  (  -’3 .-2  +  '' S i--S "r *4./!s )

C ZiZ* +  ZgZg 4» Z^Za +  Z3 Z4

$%* .

Sc*
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le> s^oreasloa, for t r a a s masioa..

...........  EBom t&e eq liiva lea t F l^ e ir o o it  th e  expression

fo r  trarisrjission m^y 'be derived a s  folXoweig—

From Eqs, .7..... %  =  %& ^

Ba =  - K a C l B - I c ^  '
Applying ICirchhoff a laws to the central mesh of Fig* 2$

"(;) t  Clg ■*■ Ig) " KqIq i 55 0*.
hader no load coaditioBS Is ~ 0», Henee the above equation
reduce# to

^  Io) ~

or,
l a - i c %B + Zc

o.'ww M o- ILQss. *

'* j6 O V..O ■
(

Co^iaing- Bqs^ 7 and IOb^ - the expre^&lon for T ^ d e r  load' ccmditiote

beaofiseB
t Ŝi ‘ '^B7* 3"» V iH .j. .TOfr».« ip  B y »ip 'BWi nw,iHi.>ii<i-ni.w.»a JSS-' ̂ ^ w M s e e w a - f * , - * - ^ .

^  ^  V^c %+^o

' or, - T *=----r-u^--- *  » * » » » » » .  II,
I +  Zg/2g

If in this equation the Values of and 7 are Inserted from Eqs6 9,. 

the expression.' for f m y  be seen to W  identical With % ,  4*.
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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. I

Z 1 = 1 / > C  = -jig,----IUa

Zx = k/joC = -JkXc----Uib

Z3 » R,--------------------- -Hic

Z 1 = R3 *• JtoL0 " R3 + JX3,-Hid
ere 2 n f  = av ular frequency.

rT3Zl

Fig. 3.

2a. Resonance.
Upon substituting the values of the component impedances 

froL. Eqs. Hi into the condition of resonance* given by Cq. 3, and 
rearranging the terms, the condition of resonance for this circuit 

becomes

(-kXc + RR3) + j (RJLs - R X c - 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/(tocf ,

and Xs - (1+k) Xc, or. w i g  = (l*»-k)/toC
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2b. TranoriLuaion.

Substituting the values of the component iRpedance" from 

• Il4 xiis-o the oner-1 expire 'ion for tran. uxasioi! -Lvnn by >  4,

T =
I + -• + jx.)

- ^ - t + :l)

I t t

\*er< A *
XcX3 - ,IR8Xc

-- Xe) f [Xg - (I-Hi)Xc]

It nay be noted, b,. mibstitutins the resonrmt oonditiMW in the above 

CXil=Eosnion 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  tiierefor:; be written in the form
H.i -3 s -.Xco .15.

Xgo — (1+k) ->co •
Bow if t 51 f Zf0 wad Q0 *c COaLsZfe8,

“CO . X jj0
the numerator of A = — — ~ v agQ - j ---- -

• V w tx- ^ vV '
Jt-O-

i JUS.

X,

and the denominator of A a  [ k X ^  -  IcXco/ r1- + jX[rX„0 -(1+k) XayZrj

i d  . f.
>  ^  = j Z '■ r -^ = r  y “ -
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M L
IcX,

(I -  I / / )  I- J — L t x SQ ^  2 soA ]

<*%Kco (I - V ^ )  +  jk%co*Qo^(l *  1/^)'

A %
Xgo (1 +  1/jYQo)

% o d  -  i A  ) (i -  j/q, )

%c•—' ------"a-
.%(, r -I

■*-'

I ' I ^ k
*« ^  J -— 6 ------ ----X ii    -5“ *%.

k  I ™-v Qq '

Hence^

1 +  3
I  4» k

I -  Y : *
l

Q„

•<y- e'x> ̂ oJ- / ©

2c* Input and output impedances^

The component impedances of the equivalent Pi-circuit of

Fig*, 3 become^, on substitution of Eqs=. IU into Eq*,. 9&
kX% + j(l*k) S%_

%
-W-Sl ‘o ofc o’ 'Q'-'e' © e-os o.«&V_©

Zg J-
%Z_ J j(l*k) BI,

3%r
fôeiZe.̂ o e 21^

[Ba +  j ] Q  I)! *  +  jd+k) BieI

KIe + J(l+k) BIe  J  B(Ra + jig)
*<■ *,'*«* vtiu * o 22 o

It should be noted here that from these equations the value of T could 

be found*-
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The input; impedance of the circuit at resonance Is8: from Stations 12 
and 20>

Z i o - Z A
k%CO +  J (%*%) BZco

‘j^co

I  t  Ic
“J^eo + Efrk

uince Q0- —  X so/Bg 8 it .is evident from the resonant conditions that

■3-, *  k  „ B
1CO CS - »

Th e ref ore. I  +  k  •“““7"“̂  B (I " 5/Q0) * k u

Hencear the magnitude of the input impedance at resonance is

I t k .... r------- -• I %loI s' Ryl + 1/Q0 «, 23.

Oimilarlya. the output impedance of the circuit at resonance isa .from. 
Eqse 13 and 21a, '

. < W o  S zB ® W A-: .
°r» ( W o  = (Mc) B (I - 3/90)-

Hence ,the magnitude of the output impedance at resonance is

I (Z0-Ĵ)0 I s /̂ l t 1/Qq .= . O t * O 2ito



3. General

Bridged-T Network Type 2,
75

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,

Z 1- 1 / > C  = -JXc .. 25a
Zj- k/ju)C - -JkXc 25b

P • .1 û-T) PpejXp
Z = ------- =  ---- - 25c

V J<JLP V jxP

Re .. . • 25d
Fig. 5.

3a. Eesonance.

Substituting the values of the component 

impedances from Eqs. 2$ into the general condition of resonance 

given by Eq. 5» the condition of resonance for this circuit becomes

^ 4  t . W e + so
Rp JXp Rp ♦ JXp Rp + JXp

z kXcRp%p*XpapXp»RRpXp
*kXc + ------- ---- ""I---- -—  + *"

fiP + Xr

RRpXp-kXcHpXp-X^pXp
= 0.
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For this condition to be satisfied, both the real and imaginary parts

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

(i*k) X0Iycp ♦ KipXp » <  CeJ: ♦ xp).......... 26.

Equatin1 the !imaginary part to zero,

R-Rp = (1+k) xc.xp . .......2%
Insertiiig Eq. 27 Ln Eq. 26,

K - V eP ' xP 1 ' “ c (Rp * Xp),
and since Rp + X p  ^ 0, R eRp s kX^ . .......... 28.

Substituting Sq. 28 in Eq. 2^ ,

Xp = [k /( l+ k )J  Xc . .......... 29.

Hence, tlie two conditions of resonance for the circuit are

R..’̂  = k/(«>cf.....................28.
and co - p = k/(l+k)eC. ...................... 29.

3b. Trans; ilrriion.

Substituting th values of the component impedances from 

Eq. 25 into the general ex ression of transitLssion Iven by _'q. U,

I +

~ t . X £ L r m W ,
P  + Xp E p  +  Xp

I t A »
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where. A .  __________________ J ffltC ______________

< ( RP *  - V tP (Bp -JXp) [(I-B) Xc - JK]'

If the inductive and capacitive re ctances at the resonant frequency 
be denoted by Xp0 and Xqo, respectively, the conditions of resonance
nay be put in the form

li.Hp •  B1Xjo ................................. 26.

I po -  [ V ( I - B ) ]  X co...................29.

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

the i*eson_nt frequency be denoted by 4o i.e. if Q0  » «)L /?. ,

the numerator of A = JRXcIip (I >r Qq)

x '̂ pe
Qe

CO 
„ %

CO
r

= j
;o^po

y Qo

Vl + A S )

(Ifk)XpoCl + 7 % ) .

the denominator of A = kXc[RN-Xp-(Ifk)RpXpXc-RRpX^ f j [(Ifk)RpX ^ X - R R p p]

= - T -  Bp(IfX p fe^ ) - ( I f k ) - -2 2  X _ X _  -  k x i y % l  f
^ c o

J. PO CC
^o

CO PO JBpjtP t art5xCxP - V ]

•  a + '«o) - - ^ r K o - B ' X X  *  J‘V p t ( lrt>X ccXpo - N *

Since the last term in the parenthe. zero by Sqs. 28 and 29, the

above is

k (i + / 4 ) d  - ^ ) / A &
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Therefore, A =

(I ♦ --1Qo) (I- r )/r2

Hence,

I + k
I - r

I

T- . Q,o*

T -

I + j-
1 + k

I -Y

3c. Input and output impedances.

Component impedances of the equivalent Tl-circuit of Fig. 5 
beccne, upon substitution of Eq. 25 in Eq. 9,

. W p / ( a ; . x;) ........ 33i

JKtc

3  kxC - W - P  (Ep-jip / (if + X p  3U

= R [ - <  * x Cx PrP a ^ ) ( V j \ )  / ( ' : > < ) ] .......35>

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 

Eqs. 12 and 33,

„ - k a Co  " a Co x PorP (1+k) (iiP-jxDO ̂ fV xpfi ̂

kxCg(liX jQ) -
J k ( E V X ^ i)

-  (X*k)Xgg(X )-(X+k)X_ (X-jQg)
J k ( H - J o )

= LI!. -JL1-
k it«j

The magnitude of the input I  pediince at

.J0(I-JQ0)

resonance is.

I f k  ------
I xIol = — ----- xP o V V l d ?

3
I + L-

k
36.

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

Eqs. 13 and 3 I4,

^  o u t u *

(W)0 =  zB = kzA

1 *  L

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

(2OQt)9 = (1+k) ° • 37



h. Capacity Correction.
80

In the foilOiTdLti:' analysis the actual resonant conditions 

m e  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. I gives
Z i = -jXc. ------------------------------ 38a

Zx, = -JkXe . ----------------------------- 38b
Z3 = —  jx y(jL-jx), (wiiers x = l/oc.)--- 38c

Z4 =  R6 4- jXs. --------------------------38d.

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

Eq. 5,

-k%c -
JRx

(-JX1. - JkX^ + Rs + j X j  = O
R -  jx

or, X 1-) + IOyet + R*x (Xs-(Ifk)Xc  ̂ - j [R1XRs - Rx^(x^-(lfk)X^] = 0.

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

R-Rs/ x = X b - (Itk) Xc .................. 39.

Equating the real part to zero,
-k x£(R V x' t l )  4. RR8 + (RtZx) ( x s  - (I tk )  Xc 5 » 0 .

Since c is very small, X i > >R . Tlierefore,

-kXc + RR8 + (RVx) {X g - ( I t k )  Xc ]  = 0 .

Substitutin'' Eq. 39 in this equation,
-RXt t  RRs (I + RzZxt-) = 0.
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He^Lecting S /rx coqpared with unity, the above equation reduces to

EeRs « kXg. .............15.
'I is roso: ant condition therefore remains, to a JEirst ap; rexi:ration, 
unaffected by the stray capacity*

Inserting ;5q. 25 into Eq* 39
X8 s  Xc (1+k) + kX^/x,

b m  Mke eeeei Ieee _.J/z eeppwwle tie e ##e#Mkee (m r %  M H i  is 
negligible only wiien C is nuch larger t an c. From the above e uatien,

X8 = Xc C (l+k) + kc/C]

or, Uilg s [(l+k)/w C][l + kc/(lfk)G] ......UO.
Thus the resonant frequency is slightly inorea ed by c, The effective 
circuit capacity in the recenee of c is, froxa Eqe 1*0,

, C z
C M -------------- . ........... Ule

( I - H c )  C + kc
where kc is the correction term. If c negligible

C 1 « G/(l+k).

as obtained earlier. For a symmetrical circuit, k = I, and henc: the 
effective caj acity is

C' s cV(2C 4- c).
as obtained by Tuttle,
U-. C-rcuit 2. Cor^mrison of Fig, 6 with Fig, I gives

Z 1 *  -  ----------------------------- U2a
d a = -  JkXc -------------------------UZb
z, -  [Rp.JIp.Hxy / [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* +
XpX j(V p-V )

[ - jd*k) ;:c] =  a

or, - k X ^  H- R* (l-Xp/ x f  J ♦  V p X K > X " (l+k)HpXc(V x)

-1 { RRp (Xp-X) *  (l+k)XcXpx } ]  - 0. 

Fcr this to be true both tne real and ima unary narts m s t  vanish. 

Equating the imaginary part to zero.

Rilp(I-XpA )  = (I-Hc) XcXp .U3.

Equating the real part to zero,

- k X e x ^ x ^ p d - X p / x f ]  + UfXpX ^  RXp^ d - H O V c  (I-XpA ) ]  ” C*
Substituting from Eq, Isl and dividing b/ xzt

-kXc [ V R p (l-Xp/xf] *  BRp [ x ^  (l-Xp/x)3'] = o.
Sinct +■ R (I-X^A) Tt 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

k X g d - x y x )  = (i+k) XeXp 

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

coEp = I A[(?>k) C A  +■ c] . ............ Ul4..or
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2

•where 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 liq. UU,

If c is negligible.
C Z = (Ihk) C/k + c. 

C Z = (Itk) C/k .

U5.

as obtained before. For a symmetrical circuit k = I, and hence the 
effective capacity is,

C Z - 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 Rezvfc 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,

I--- 'vwL'--- -
^-Lwvn— i— AVVvI— .

I V

I "

a

I / 2  +- - 1 ) / 2  .

j =  ( , 2 » - 2 - I .

= ( Y  2  + V s  » 1 ":,) / .
gain combining ” 4  with ? the coi onent icpe ances of the e, uiv- 

alvnt Pi-circuit are

- ( )
= ( T a  + ?273 +

( >
^  --- —  <• * »  1-— ■ ̂  I —  —  ,» —  . I, m . I -mmmm -mm-m. —

-
which are exactly the equa M o n s  obtai?v on . e G: .

Ie . • v Pitt, U'i : ,
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