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The above expression suggests that parallel resenin
between capacitor C and an inductor
Q.

O (9

L‘—L‘H

Thus, the equivalent parallel resonant circuitsislown in the
figure below, for

frequencies in the vicinity ¢ ? .
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Editor's Note:

The following chapters are important theoreticaitcibutions
to the understanding of Crystal Radio. Dr. Vargask
delves deeply into the math behind the workingthe$e sets.
The articles presented here reflect merely a spaatlof his
..(6) larger work at the National Engineering Universityima,
Peru. | urgently recommend any interested readeonsult
where: the original references and excellent web pageroVargas.

= (D)
is the inductor’s Q factor at frequeneg .

Eq.(3) can be written as:
‘Lr-r=0

C((ou

or

Original web location for book:
http://www.inictel-

uni.edu.pe/index.php?option=com_content&view=agtsti=
235&Itemid=152
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_ 1+ joC(R, + joL)
R, +jeL

_1-@’LC+ joR,C
R, +joL

_[l-e’Lc+ jor.CIR, — joL)
R+o’L

(2

Resonance is attained when the admittance funstjpimase is
zero. This is, when:

»'C+R’C-1L=0

e

The resonant frequency is given then by:

R}C)

L‘l, !
el L

LC

(8

@y =

The admittance at resonance is:

R +ao, L

..(5)

The input impedance at resonance isZ=1/Y. Then
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occurring, L' tends to the value L, so the tuneeqirency
changes. A new regeneration level implies a newevédr L.

Selecting a low value for Rg' = Rg // Rs will heipducing
frequency detuning due to Ro variations. Bias issusually
impose constraints on the possible values for therce
resistor Rs. So we are forced to minimize Rg, eithg
reducing Rr or selecting lower values for Rp. tiach easier
(and less expensive) to change the attenuatogs resistance
than changing a complete antenna-ground systennipdér a
lower Rr.

APPENDIX
Type-I Lossy L-C Resonant Circuit

Consider an L-C parallel resonant circuit with ssriosses in
the inductive branch.

The input admittance Y is given by:

Y= 1 + joC
R, + joL @
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Crystal Receivers for the MW AM Band
By Ramon Vargas Patron
http://www.inictel-

uni.edu.pe/index.php?option=com_content&view=artic&
id=235&Itemid=152

In this section we’ll focus on simple crystal ragifor the
540kHz to 1650kHz AM broadcasting band. We shadtst
with the very basic ones and then progress towahes
amplified versions. The designs will make use ob&wound
on a cylindrical or rectangular ferrite bar, thgeyfound in
portable AM receivers. This coil receives the geneame of
ferrite antenna. It has the effectiveness of awaied antenna
coil coupled to an outside aerial of several melmng.

Our first schematic diagram (Fig.1) refers to adasystal set
using a pair of 2000-ohms DC-resistance magnetic
headphones, with a series connected parallel Ri@onke
This network reduces the loading imposed by thelhieanes

on the tank circuit, increasing the selectivitytlod receiver, or
the ability to “separate” adjacent stations. Thif ae highly
appreciated by an operator trying to tune-in a waghkal with

a strong transmitter occupying an adjacent channel.

The variable capacitor we shall use is a salvad#phb unit,
usually a nominal 475pF double-gang capacitor (onky gang
will be required). The ferrite antenna consists56f close-
wound turns of Litz wire of a gauge similar to thatind in

home portables (we can also use solid enamellegetopire

#26 or #28 AWG). Prior to winding the coll, it ishasable to
wrap the ferrite bar with thin cardboard or twodes of paper,
in order to protect the wire from damage due tetish with

the bar. Turns may be held in place using wax oreskind of
adhesive tape. Around 185uH of inductance will beded for

1

Ry =(u+1)R, /R, ',% W= g e
The formula for Rg remains the same.

Explanation for why the receiver detunes when tken g
control is adjusted The tuning tank has serieselsmostly
attributed to the coil, if the tuning capacitooisa high-quality
type. The lossy coil L can be converted into anedent ideal
lossless coil L’ with a parallel loss rp:

L'= L| 1+ ‘

n=nli=0’)
where
_ol 2L
o, - -
The coil L' now tunes with the capacitor to the saftrequency
0 the lossy coil was tuning in conjunction with tegp:

2
When a coil has series losses, the tuned frequisnaffected
and will be given by a different formula. As candeen L’ is
greater than L, so, given C, the lossy inductorilLtwne to a
lower frequency than that obtained with a lossless

Now, the total parallel loss is rpt = Ro // rp. Aas been seen,
a manual change in the RF stage’s voltage gain caillse
variations in the output resistance Ro of the dfiepliHence,
the net parallel loss rpt will change, driving osasccommodate
regeneration values to the new situation. Regeinerpartially
cancels out parallel loss, which is a represematé the
original series losses of the coil L. When cantelta is
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4
Vaihy) Vg

Lntenna, losses and atternator
Fig.4 Antenna and input equivalent

Numerical examples

The following examples assume a JFET having tHewidrig
small-signal mid-band parameters: gm = 4mS, RD % 40
ohms,p = gm RD = 160. The antenna-ground system loss
resistance plus the antenna’s radiation resist&né& = 100
ohms. The source resistor is Rs = 1k ohms. Thetinpu
attenuator’s total resistance is Rp = 0.47k ohnasthe output
load’s impedance is resistive and equal to RL =@ldks.

KRP
K R, Re Av Avr Ro
0.1 0.082 0.043kQ 71.27 5.84 46.60kQ
0.25 0.206 0.0933kQ 62.84 12.94 53.68kQ
.5 0.412 0.138kQ 56.86 2343 59.48kQ»
0.75 0.618 0.134k0 5735 3544 59.02k0
1 0824 0,082k 64.55 5310 5224k0

Modifications of formulae for the bipolar case
The bipolar case (in a common-base configurati@ouires

thaty be made equal to gm / hoe and 1/hoe substitute’Bo
Also, Re should be substituted for Rs . So we naveh
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this coil to tune down to 540kHz with the said whle
capacitor. We can trim the inductance sliding taedboard or
paper cylinder along the ferrite bar. The detectiode is a
germanium device and types 1N34, 1N60, AA119, ety be
used.

2k phones

Li: 4 turns of Litz wire (see text).

L2: Main tuning ©o0il - 50 turns of Litz wire (see text).
L& Circuit’s common ground

The diode detector is a germanium type.

Fig.1 Basic crystal receiver

Strong locals within 5km from our receiver's siteosld be
heard through the headphones, especially if theseof a
sensitive type. Medium strength locals require thathearing
room be a quiet place. Sometimes local weather giti¢ us
surprises. We may also find that rotating horiztiytéhe
ferrite bar increases the volume of our signalsdecreases
them, due to the ferrite antenna’s directivity. sThiay help
reject interference from the strong ones when hgaai weak
signal. If our site is at respectable distance frdonal
transmitters (well, for our basic receiver that neaore than
5km), an inverted-L outdoor antenna may be tried fo
improved reception. A horizontal span of at lea@tnieters
and a height of 5 meters minimum above obstructigils
help. An additional coil will be needed for conrientof the
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antenna. Four turns of Litz or solid enamelled @vppire,

whatever has been used for the main tuning coil,dei This

winding should be separated 2.5cm (1") from thedtend of

the main coil (the end connected to the circuittsnmon

ground). One end of the small coil connects toatienna; the
other end should connect to a good ground systerméction
to a cold-water pipe using a suitable clamp coeldried).

If a pair of 2000-ohms magnetic headphones is vailable, a
piezoelectric crystal or ceramic earphone parallddg a 68k
ohms resistor can be used instead. For this atteenave
discard the 3.3nF (0.0033uF) capacitor and thellph&0k /
10uF network. Connections should be made as iretichy
Fig.2 below. This earphone is a high-impedance ,tysey
sensitive and should not be confused with the srioai-
impedance dynamic type commonly found in “walk-man”
players.

Ge
DIODE . ;
piezoelectic

P earphone

Fig.2 Connection of a piezoelectric
crystal or cersmic earphone

Usually, loose-coupling an efficient antenna to tilneing tank
renders a sensitive receiver having acceptabletsélg. The
R-C network used in the basic crystal receiverudised above
also helps to improve selectivity. This idea hasrbm use for
some years now and is a sample of what can be abtiee

3

Vo in terms of Vg yields an expression for the agk gain Av

=Vo/Vg:
Vi _ (¢ +1R.R,

v, (R, +R Jw+1IR, /R )+ Ry+R,]

which can also be written as:

(u+1)R,

i
V"R

(u+1)

The input resistance of the stage as seen towhed§RET's
source may be found to be:
% _Rp+ Ry
1) T (u+1)
For the case the generator is an antenna, if w&debe the
voltage induced on the antenna by the radio waResthe
antenna-ground system’s resistive losses plus thenaa’s
radiation resistance, Rp the variable input attenis total
resistance and K the fraction of this resistancéstiey
between the slider and the ground end, we get 4fig.
KR,
v, =V, -
R +R,

Rq:rR +(1-KR |//KR
Ca r) ®

The voltage gain from generator to load is :
Ve ¥V, ¥, KR

Avy :T =—

a P
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Small signal modeling of RF IFET stage

Fig.3 Small-signal models

In the figure above,
R,R,

Vo=

g ’gﬁ
Solving for ID gives:
_ (u+1p7,
2" (u+1DR, Ry + R,
Knowing that Vo = lo RL, where lo = -ID, we arria:

=(u+1), R, 1

7y = (e W, — 1 [(as1)R, R, ]
o=+ )’gﬁ— o4+ 1R, +Rp

The output resistance is then:
Ry =(u+VR,+Rp = (u+ DR, /R, )+ Rp
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*R,+R, (u+1)R'+Rp+Ry

headphones’ end to enhance the ability of our rem&eparate
signals. In recent years, attention has also biemgo the use
of audio transformers in crystal sets to step-uprdther low
headphone impedances to a larger value that wiébenatch
the audio source resistance, resulting in morerelfrom the
headphones, while still maintaining a good selégtivihe

audio source resistance is actually the diode pubuaudio
resistance and is a result of the detection ac¢#ikimg place in
the radio, whereupon radio frequency energy is eded into
audio frequency signals.

Fig.3 shows a crystal receiver using an audio foarmer to
couple the headphones to the circuit. A transforhees two
windings, the primary and the secondary. N is theg-ratio,
or ratio of the voltage impressed across the psintarthe
voltage obtained across the secondary. Transforratss
change impedance levels, so sometimes they aréfisgeny
their impedance transformation ratio or N2:1.

The detector diode’s small-signal output audio stesce
ranges from around 40k ohms to about 150k ohms for
available germanium diodes. Diodes having the Hhighe
resistances are preferred for maximum sensitivityd a
selectivity. This means that weaker signals will detected
and less loading will be imposed on the tuning tank
Accordingly, greater impedance transformation satigll be
required to match the headphone’s impedance tditike’s.



Lz S00BF 2k phones

Fig.3 Crystal receiver using a coupling audio
transformer

Magnetic headphones have a DC resistance of ar2uptims
and an average AC impedance that is around sixstithis
value, or 12k ohms. Strictly speaking, AC impedaneges
with frequency, so we refer to a measured averadiee\over
the 300Hz~3300Hz audio range. If our diode has, §&%
ohms for its audio output resistance, then we wéked a
transformer having an impedance transformationo raif
60k:12k, or 5:1. A word of caution here: the tramsfer
should be a type that will work with the said impade levels.

We have commented the usefulness of the R-C netwbén
looking for selectivity improvements. The philosgpbehind
says that resistor R should be more or less equahe
headphones’ average AC impedance, and capacitdroGlds
be selected with a value that will by-pass audinais. The
capacitor’s reactance at 300Hz should be no mane RI10.
Values are not so critical.

When using an audio transformer for impedance nrajch

(term meaning that we are trying to make the tamséd load
impedance equal the source resistance) an R-C rietfiohe

5

FF stage using the MFF102 JFET

Fig.2 JFET-based RF stage

The small-signal models employed for gain and inapee
calculations can be seen in Fig.3. Vg is the ge¢agsasignal
voltage and Rg is the generator’s output resistaR€eis the
drain’s dynamic resistance and Rs is the sourda's éxternal
resistor. The JFET’s small-signal model uses a wactube-
like circuit model. Hence, we need defining as the
amplification factor, being. = gm RD. The quantity gm is the
JFET's forward transfer conductance for frequendieshe
mid band.
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Fig.2 shows the schematic of the RF stage. The 1B&H
choke in series with the antenna lead-in effecyiv#bcks FM
/ TV interference and a power grid-like annoyingiirong
interference at the author's location. The seriesnected
100pF variable capacitor helps attenuating verynsfrsignals
and will also improve selectivity.

The output impedance of the RF stage depends on the
impedances connected to its input. Having some gatrol
through the use of a variable input attenuator dsisable,
given the dynamic range of available SW radio digna
However, this will bring about changes in the otitpu
impedance of the amplifier, which in turn will causome
receiver detuning.

In order to have some quantitative knowledge of fewors
affecting the output impedance of the amplifiere thuthor
conducted some calculations assuming operatiorhenntid
band, so the device’s parameters could be considezal
quantities. For higher frequencies complex numbecsild
have to be used. However, the theoretical resblisimed were
coherent with the experimental observations at SW
frequencies.
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type described will be necessary. It should be eoted as
shown in Fig.3. Resistor R should be made equath®
transformed load impedance, as seen from the pyiside of
the transformer. With reference to the example apd®
should be 60k ohms and an adequate value for Cdwioeil
0.1uF.

Before going into the group of circuits featuringsp-detection
audio frequency (AF) amplification, let’s take akoto the
configuration shown in Fig.4. The germanium diode
paralleling the 2000-ohms headphones appears fodtéing
above ground. Apparently there is something wroiity the
schematic. However, if we realize that somethingstrioe
coupling radio energy from the diode’s cathode émdhe
circuit's common ground, permitting proper operatiof the
receiver, we will be on our way into solving thestery.

Zk phones

Ge
LIOLE

Lz EOOpF

Fig.4 Floating-diode crystal receiver

And the answer is that....... naturally occurring stray
capacitance from headphones and diode’s cathodenimnon

6



ground closes the circuit for radio frequency cuoise
permitting detection to take place in the usual wag we
happily get AF currents flowing through the headp®

Now we will give a couple of examples of crystaltsse
featuring AF amplification. The first schematic §F5) shows a
receiver that uses a germanium AF transistor. Geitma
amplifying devices exhibit at room temperature tre¢dy large
values of leakage collector current, or Iceo. PKdhdistors
find this current just sufficient for their amptiition factorf,
or HFE, to build up to a useful level. This is tbase of
European types AC125, AC126, AC188 and others. This
also certain for many US and Japanese types, su@N209,
2N188A, GA53677,...... , 2SB22, 2SB370, 2SB496,....... The
list is rather long. The good news is that we capehse with
the usual base bias resistive network, and stikema very
simple amplifying stage. The addition of AF amglkfiion will
give our basic receiver extra volume. It shouldhbéiced that
there is no DC path between the diode and the istan's
base. The 100k ohms potentiometer is a volume @bntr

Our second amplified receiver (Fig.6) makes usa 28N3904
silicon NPN transistor. We need external base Hasour
amplifying device this time, as silicon transistesibit much
less collector leakage currents. The 200k ohm tresksases
the transistor's base so collector to ground veltsgaround 1
volt. We also need here to isolate the base from th
potentiometer for DC currents. We use the 0.1lufaciegr for
this purpose. We must invert the 1.5V battery'sapt} for
this circuit, as currents in NPN transistors flow dpposite
direction to that of PNP devices.

Houser THOOS

1.
T

1000

Piezalesticceramic /cystal earphone

Liaputive grom comecion

L1:4uH - 9 turns of #24 AWG plastic-insulated solid copper 2.7 33uF
i 1

® Rammon Varges-Pawon

Armstrong-type SW regenerative receiver

Fig.1 SW regenerative receiver

Fig.1 shows the schematic of the author’s initig/ 8eceiver
prototype. Testing for better sensitivity, a veiypsle untuned
RF amplifier using the MPF102 N-channel JFET in omm-
gate configuration was added to the J310-based eiver.
This stage was capacitively coupled to the tunamktof the
regenerative detector. In order to take advantafjehe
maximum available voltage gain a 2.2-mH RF chokes wa
connected between the JFET's drain electrode amower
supply. It was found that tight coupling to the edtor stage
would give the best noise / interference rejectidn.low
distributed-capacitance three-section pie-woundccRéke was
selected for this application. Low-cost pile-wountiokes
affected the upper end of the tuned band, predjuttieir use.
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Small Signal Calculation of a SW RF Stage

By Ramon Vargas Patron

http://www.inictel-
uni.edu.pe/index.php?option=com_content&view=artic&
id=235&Itemid=152

rvargas@inictel.gob.pe

INICTEL-UNI

Our article “The Modern Armstrong Regenerative Resmg
presented a 530kHz~1700kHz MW regenerative detector
based on the J310 N-channel JFET as a counterpaheo
famous vacuum-tube homologous. The receiver there
described was found to be very selective and semsitests
conducted with different coil arrangements and amside
aerial suggested also excellent performance thautgkhe
entire short wave spectrum.

When testing the receiver, the planetary reductiove used

in conjunction with the 475-pF broadcast variabieved to be
very useful when tuning adjacent stations in thevced SW
bands. Although the author's SW prototype worked
impressively well, some variations were devisedking of
experimenters wishing to replicate the receiver lagking
maybe space for a decent antenna. Duly attentic girgen
for a minimum parts count.

There is the saying that a working receiver willdsegood as
its associated antennaground system. Situatiorst esiere
local conditions will render an outside randomwiretenna
useless for sending good signals to a receivethitncase, an
RF-amplifier stage ahead of the regenerative deteuitl give
the extra voltage gain required for a successfiibpmance.
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2k phones
Ge
DIODE

Lz 500pF 100k

Fig 5 Crystal receiver with AF amplification using 2
germanium transistor

ce
DIODE

1z S0OpE 100k

Fig.t Crystal receiver with AF amplification using a
silicon NPI transistor

Ramon Vargas Patron
rvargas@inictel.gob.pe
Lima-Peru, South America
May 16th,2005



Notes on the Demodulation of AM Signals 2

By Ramon Vargas Patron http://hjem.get2net.dk/helthansen/regenerative_wacwalve.
http://www.inictel- htm

uni.edu.pe/index.php?option=com _content&view=artict&

id=235&Itemid=152 Ramon Vargas-Patron

rvargas@inictel.gob.pe Lima — Peru, South America

INICTEL January 19th, 2006

A DSBC ( double side band plus carrier) signal nizy
expressed (Fig.1) as:

f(t) = A[1 + m.g(t) ] cosct ...(1)

where:

g(t) = modulating signal

m = modulation index (0 < m 1)

oc = 2fc

fc = carrier frequency

A = amplitude of unmodulated carrier

|

i

Fig.1 DSBC AM signal

Let:

g(t) = commt

om = 2tfm

fm = frequency of the modulating signal
Then:
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relaxation oscillator for high regeneration levelis is an 1) = A [1 + m.cosomt ] cosect @

unwanted feature. which may be written as:

This said, “grid-leak”- type of detection is virtiyacancelled.

A VERY strong signal would be needed to overconeegate- flt)= Aco&(ﬂ{f‘*’gmi(@ +ta, +#c05(@, —o,¥

source bias and make the corresponding junctiocotaluct. - - -(3)

Detection now is of the square-law type. The naedr . X

characteristics of the JFET make this possible. “Ghd" R-C 1. Square-law detection of DSBC signals

components have no effect on the detection actizhreve The output of a square-law detector is of the form:

been maintained there for nostalgic reasons ortlg. rEceiver y=x2...(4)

seems to be a bit more selective if these comperastleft in . .

the circuit, although no explanation has been fdondhis. where x = input signal. , ,
Vaccum-tube diodes and semiconductor (solid steiejes

The modulation is extracted from the junction & F choke have this type of response for small inputs.

and the primary winding of the Mouser TM003 audio Substituting eq. (3) in (4) yields:

transformer acting as an audio choke. The 3.3-rfagitor, N . m'd md:

also a Mylar type, filters any residual RF compdnieaking FH0)=A ot or + = Fcostlo v, )t = eosT (o~

through the 3.3- mH RF choke and that may be ewéerito A’ cos @1 -cos(@, + @, +mA’ cos,1-cos(e, — @,

the AF amplifier.

WA cos(e, + @, )rcos(o, —a, ¥

The two-transistor amplifier has a voltage gain of
approximately 1000 and has an input resistance afténs at .
1kHz. A piezoelectric ceramic / crystal earphonevegi which may be arranged as:
comfortable fistening. P21+ cos2)+ I 1+ coslo, + o M 2 1+ s 2~
One final comment is that a ground plane undern¢ach nd® X A
circuit’s layout is needed for stable and hand cipace-free i [eos(20, + o, +cosa, ]+ 2 cos(2a, —a, ¥ +cos,]
operation. Connect the circuit's common grounchis plane. WA

+ T'[coslmcl + cos:mmr]
References

...(5)

1. Edwin H. Armstrong’s “Wireless Receiving SystenyS

Patent 1,113,149 The output of the square-law detector contains AB RF

components. After filtering out the latter we aé With:
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1 m’4®
D(r)=md? cos@,r+ Tcns e,

...(6)

The first term resembles the modulation. The sectmch
constitutes a distortion component.

2. Product (synchronous) detection
If we multiply eq. (3) by the term s(t) = B cost, we obtain an

expression for the output of a product or synchusntetector,
whose schematic representation is given in Fig.2.

s(t)
fﬁ)@% pit) % Dit)
L]

Lowr Pass Filter

s(t) =B cosdoct

Fig.2 Product (synchronous) detector
The output of this type of detector is given by) p(tf(t) . s(t),
this is,

mdB mAB

f(r)-s(r)= ABcos w.r + cosmr-cos(w, + @, ) +

which may be written as:

11

cos@,rcos(®, = o, )

Mouser THOOZ

,_lr',w

LT 200t erte s weurd it 25 /G
i nameled coppe wee oar
L2 4 s of #24 AW lasicssted soid I
oppe hoak.up e wourd e o L1 cold erd 1

T4 a1k oo s s tonsiomer

The prinatys used as an aucio choke

Grederpinaty \nlancewmwvmveham
cponse end ove

o lge s o vlage g of 1000
aninpul esistance of 6k ohm

Fig: Amstiong type M tegeneraiive receive usig the J310JFET

A vacuum tube is a robust electron device. It m&énd
reasonable signal overloading and some abuse%uddid-state
devices are delicate and need protection circuithe J310
JFET of Fig.3 is not an exception. We need to ihela source
resistor for protection and biasing reasons. Withthis

resistor the quiescent current would be too lasgee 30mA
according to the manufacturer. Really too big for purposes.
The gate-source junction would be also vulnerablevery

strong signals that eventually could reach ourivece

In the figure above, the 18-kohm source resistguletes the
drain current ID to 0.157mA when the power supiy4i5
Volts DC. So we get 2.83 Volts for the voltage demposs the
resistor. The gate-source bias-voltage is ther8-2dts. For a
9-Volt supply, the JFET's drain current increasedyoto
0.16mA. We get a very steady operating-point curreith
respect to power supply variations. The resistoedseRF
decoupling and that is the reason for the 1nF dapadt is
recommended a Mylar type. Greater capacitance satenot
recommended, as they can make the circuit operste a
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should be much greater than the carrier's periodFor
example, for the MW AM broadcast band, the lowestet
frequency is 530kHz. For this case, T = 1.887E-86, ®r
1.887usec. Clearly, t >> T. However, t can not be madbeto
too large, or failure to follow distortion will oac in the
recovered audio. If TA is the period of the highestdulation
frequency, then the inequality TA >t should becaoplished.
Let 3kHz be the maximum modulation frequency congmbn
Then, TA = 3.33E-04 sec = 338ec, which is greater than t =
100 psec. Thus, the selected values for Rg and Cg areato
Due to an important property of the voltage-clanpuit, the
tuning tank sees a parallel load approximately quRg/3, or
333.33k ohms in our case.

The solid-state Armstrong regenerative receiver

The Armstrong circuit has also its solid-state d¢erpart, and
historically speaking, it has been devised usingolar
transistors as well as junction FETs (JFETs) asdlated-gate
FETs (IGFETs or MOSFETS).

There is an important difference in the detectiotioa of the

solid state version. We shall base our commentsthen

Armstrong receiver shown in Fig.3 that will tuneeth
530kHz~1700kHz MW AM broadcast band.
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mAB

£e)-slr)= g(l—coslforrh

[cos(2@, + @, ) +cos @, 1]

4

mdB
+ 2 [cos(2m, — @, ¥+ cos @, 1]
4 )

After filtering out RF components we obtain:

D(r) _mdB

>

cosm,t

..(8)

and the distortion component of frequenayn2does not exist.
3. Single side band (SSB) detection
An SSB signal may be expressed by:
f{t) = A cos(@c + om)t
or ...(9

1(t) = A cos(@, - @)t

the plus sign used for an upper side band (USBjesignd the
minus sign for a lower side band (LSB) signal. Rizidand
mixer-type demodulators are used for SSB detection.

3.1 Product detection of SSB signals

Consider a product detector with inputs:

1(t) = A cos(@c + on)t

and
(1) = B coswmt

The detector performs the mathematical function:
plr)= £(r) 5(r) = ABcoso,r.cos(w, +@, I

which is identical to:

12



)= ?[cus(lw{ @, ) +eosw, ]

...(10)

Clearly, if we filter out RF components from p(tgwget:

D(!):A—fcosmmr
- -(11)

which is the desired modulation signal.

3.2 SSB detection using mixer-type demodulators

Here, a SSB signal at IF frequencies is mixed wWithoutput
of a beat frequency oscillator (BFO). This pernnitsdulation
retrieval.

Let f(t) = A cosfpc + em)t be the SSB signal and s(t) = B
cos(c +Ao)t the output from the BFO. The mixer’s output is:

p(0) = [f() + sOF .(12)
Then:

() =cos(e, + @, )+ Beos(a, + Awk]*

or equivalently,
plr)= %[H cos 2w, + @, ¥+ BT[I +cos2(w, +Aa)]
+ AB[co_s(zm, +o, +Ao)+ co;((_um —Ao)]

..(13)

After removal of the RF frequency components froe t
output of the mixer we are left with:
D(t) = AB cos(®y - Aot (14)

13

The final result is that a negative average voltegeal to the
carrier's amplitude develops across the triodefsuin If the
carrier is amplitude modulated, the average volfatiews the
modulating signal. What is interesting here to nist¢hat in
the absence of a carrier the control grid-to-caghedltage is
almost zero. After carrier detection, the averagkage turns
negative, so there will be a drop in the averagéepturrent. If
the carrier is amplitude modulated, the averagée pdarrent
will decrease in more or less degree, followingrtiwdulation.

It should be clear that an amplified version of thedulating
signal exists at the tube’s output in the formaMHfrequency
variations of the plate current. An RF choke présehe high-
frequency components of this current from circalgtihrough
the high-impedance headphones, which are actirmnasidio
load (Fig.1).

However, RF-choking action is not always 100% éfit, and
some RF energy may leak into the headphones awifiig
AF stages. This could give rise to some very seagffects,
such as low-frequency motorboating at some valuehef
throttle capacitor, or the receiver breaking intscibation
when the throttle capacitor's vanes are fully urimees
Usually, selecting an RF choke with enough indumawill
keep these problems away. A decoupling capacitor afso
help. In Fig.1, capacitor C3 bypasses any resida&l
components, leaving only AF currents flowing thrbuthe
headphones. For grid-leak detection to work propéhne grid-
circuit time constant:

t = Rg x Cg = 1M x 100pF = 0.0001 sec = 1E-04 sei0&
usec
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Usually, this occurs when the circuit is in theesirold of
oscillation.

Regenerative receivers need rather small operptim-
currents, and it is not unusual for them to opesatésfactorily
with low plate voltages. Low currents also makeereggation
control smoother.

AM demodulation is accomplished through grid-leak
detection. Fig.2 shows the key to understanding type of
detection. First, the triode’s input is modelled asdiode
pointing downwards. When the grid turns positivéhwespect
to the tube's cathode, due to the presence of disétiye half
cycle of the carrier, some electrons emitted bycdode are
attracted by the grid, flowing in the external gitdo the grid
capacitor. As a result, the grid capacitor replesssits charge.
During the carrier's negative half cycle, condustibetween
cathode and grid stops and charge leaks from tpaciar
through the external circuit (L1 and the grid resis The next
incoming carrier cycle the phenomenon repeatsf.itSéie
combination of Cg = 100pF, Rg = 1M and the equivatéode
act as a voltage-clamp circuit.

100pF
c The tinde detects AM signals using the arid-esk detectian

mechariom. Key to this operation s the vaccum Lbe's
input acting as a diode.
The 100-5F capacior, the 1M resitor and the equivalent diade
ot 2 a vokage-clamp cicut, The average voltage across the
diode has 3 negalive valus folowing the low-equency
modulating signal

Fig.2 L-C tuning tank and equivalent input voltage-clamp circuit
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We observe that the spectrum of the modulatingasignas
been recovered shifted down in frequency by an amntw/2r
Hertz. There the importance of the correct adjustnué the
BFO.

4. Detection of DSBC signals using a regeneratageiver in
the oscillating mode

Usually DSBC signals are detected in regeneratgeeivers
adjusting the regenerative gain slightly below deeillation
point, the nonlinearities of the active device eirsponsible
for the demodulation process, usually of a squavetype.

However, in the oscillating mode, DSBC signal detecis
also possible. When tuned to the same frequenayeraly
oscillating regenerative receiver will lock onto atoming
carrier. Both signals will be present across tim tircuit and
hence will be mixed by the active device.

If A is the amplitude of the unmodulated carried @ is that
of the oscillation across the tuned circuit (havihg same
frequency as the carrier), then, using eq.(2) vie ge

(1) = A (1+ m.cosopt) cos@.t + B cosam.t ..(15)

for the signals across the tank circuit.

Eq.(15) may be written as:
Fl)=(4+B)e
...(16)

¥

After square-law detection and filtering we aret hefth the
recovered modulation and an unwanted distortiom:ter

14



Dt)=mA(4+B)cosw,t + el

cos 2@,
4 ..(17)
Usually, harmonic distortion levels are tolerable.

5. Demodulation of SSB signals in a regeneraticeiver

Detection of SSB signals requires the receiveretevbrking in
the oscillating mode. Strong oscillations are nelede the
receiver doesn’t lock to the incoming signal. Otlise, the
recovered audio will have the known “quack-quackiet of
sound. Alternatively, input signals can be atteedaby the
operator.

Detection is, again, of the square-law type, a#iemixing
process carried out by the nonlinearities of thevealevice.

If A cos(oc + om)t is the SSB signal and B cas(+ Aw)t the

receiver’s oscillation, both across the tank ctrctlie mixer's
output will be:

plr)=[4cos(e, + mm)l+BCOS({JC+AUJ)T]1 as)

yielding after filtering out RF frequency comporent

D(t) = AB cos(on - Aot a9)

Again, careful tuning of the receiver will be nesay so that
Aw—0. Also, the oscillation’s frequency should be vsigble.

Lima-Peru, South America
August, 21st, 2005
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RF choke
3. 3uH

Hiz headphones
ANT
Wbk

L1: Main tuning col
L2 Artenna coupiing col
L2 Tickler [feedback] col

C1: Main turing capacitor
C2 Thiottle capasitor for regeneralion control
C3: Fillers residual AF leaking through the RF choke

Fig.1 Basic Amstrong Regenerative Receiver

With reference to this circuit, the passing radives induce a
voltage on the antenna. Induced currents flow thinou2,
which magnetically couples the RF energy to the C1-tuned
circuit. The grid circuit elements, Cg =100pF and R 1M
couple the tuned radio signal to the triode’s inpAmplified
RF currents flow in the plate circuit, setting upmagnetic
field around L3 which couples energy back into thek
circuit in phase with that imposed by the radio &av
reinforcing it. Now we get stronger RF currentsoasr L3,
more energy fed back in phase, again an amplifinati...

If enough energy is fed back and enough amplificatis
obtained from the triode, the circuit will breakdroscillation.
For DSBC (double side band with carrier) AM demadioh,
we don’t want the receiver oscillating. The missminthe
throttle capacitor C2 is to limit the amount of @nt flowing
through L3 so that the circuit won't oscillate. §2djusted so
we get maximum amplification of the incoming radignal.

92



The Modern Armstrong Regenerative Receiver

By Ramon Vargas Patron

http://www.inictel-
uni.edu.pe/index.php?option=com_content&view=artic&
id=235&Itemid=152

rvargas@inictel.gob.pe

INICTEL

Lee de Forest's invention of the Audion in 1906 e
marvelous developments in radio receiver technol@t it

was not until Major Edwin H. Armstrong conducted a

thorough investigation of the principles of opesatof the new
three-electrode tube that the technological jumpk tplace.
Mr. Armstrong applied in 1913 for a patent on tegenerative
receiver, one of the most famous radio inventiomaintaining
a long litigation in the courts with the inventdrtbe Audion.
However, he managed to develop a large number dib ra
circuits utilizing the principle of regenerative plification or
equivalently, positive feedback in amplificatiomatiits.

The pioneering work of Major Armstrong on the regetive
receiver has come to our days in the form of thecaited
Armstrong circuit, the most popular receiver usegt b
experimenters and Hams throughout the world. Itstrbasic
representation is depicted in Fig.1 below.

91
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On the Reduction of Detector Diode Losses in a Criad
Radio

By Ramon Vargas Patron

http://www.inictel-

uni.edu.pefi php?option=com_content&view=artict&
i 52

rvargas@inictel-uni.edu.pe

INICTEL-UNI

Current design techniques for high-performancetatysdio
receivers call for the use of quality componentshe RF,
detection and AF sections of these radios, togetfteroverall
good antenna-ground systems. Sensitive magnetic or
piezoelectric  headphones, low-loss audio  matching
transformers and R-C equalization networks, or tiesi, are
mandatory in AF ends. RF stages require high-Qs caiid
low-loss fixed or variable capacitors. Interestiogiote here is
the fact that varactor diodes are finding widesgreae as
replacements for capacitors of the variable typa mumber of
shortwave crystal radio designs. Detector diodesthe other
hand, should be high-quality sensitive types, ugual
germanium devices optimized for radio frequencyragpen,

i.e., having small reverse currents and improveteadion
efficiency. Very good performance has been repoiftgd
employing Schottky-barrier diodes in the detectstages,
although these require the use of rather experaige turns-
ratio audiomatching transformers for optimum powensfer

to the operator's headphones.

A simple feedback technique using only passive udirc
components can improve the efficiency of a cheapdaality
germanium detector diode. For this means, a fraatibthe
detected RF energy is directed back to the tun€ddircuit, in

17 90
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phase with the incoming signal, increasing therteyloaded
tank’s Q. This subtlety has been recently studietitasted by
the author in a ferrite-antenna based simple drgstausing a
number of germanium diodes commonly found in aesparts
box. Experimental results suggest a reduction tfader diode
losses, after an improvement of the receiver's rgini
characteristics. All tested diodes gave broad gumésponses
prior to utilization of feedback, selectivity impriag
noticeably thereafter.

Fig.1 shows the schematic diagram of the modifiegstal
receiver employed by the author. A passive feedl@ml can
be observed to exist in the circuit, that which poises L3.
This coil, wound over the cold end of L2, acts asoat of
tickler coil, feeding back to the tuning tank RReized
currents of the same frequency and phase as thdseeid by
the incoming wave. An equivalent circuit for carrie
frequencies is shown in Fig.2, where vA(t) and yKite the
diode’s anode and cathode potentials to groungentively.

Shockley's diode equation states:

ip=1I| ™ 71‘

()

where iD is the diode’s current in amperes, vDhis diode’s

anode-cathode voltage drop in volts, IS is the rswe
saturation current in amperes, n is the diode’sligefactor

and VT is 0.026 Volts. IS is a scale factor, suwt if we wish

iD in microamperes, for example, we need only [Ruinl these
same units.

18



Pensitive headphones

/
2
"

WMatching auckio trapnsformer

= 365pF 0.00LuF

Ll =4tuns - lom from12's cold end
12 = 240uH
L3 =1/ of the number of taens of L2

Wind 13 aver [ 2's cold end

Connect L3 as to enhance selectivity.
All coile wound on a suitable ferrite rod

All values are relative to the left side pink tap.

Fig ¥ Crystul set with enhanced selectivity

Color Impedance @ 300Hz
Eq.(1) may be expanded into a Taylor's series: White 40k ohms
Gray 20k ohms
IV IR Violet 10k ohms
pT T T ATR e (2 Blue 5k ohms
Green 2.5k ohms
where Yellow 1.5k ohms
Orange 900 ohms
v = vt =velt) Red 500 ohms
-3 Brown 250 ohms
and A0, Al, A2, A3, ... are constants having\akies: Pink (R) 8 ohms
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All values are relative to the black (blk) tap.

Color Resistance  Inductance XL @ 300hz  Rounded Value
White (WH) 1424.3 ohms 24 45.239k ohms 40k ohms
Gray (GRY) 886.4 ohms 1204 H 22694k ohms 20k ohms
Violet (VIO)  516.5 ohms 6.06 H 11.423k ohms 10k ohms
Blue (BLU) 260.1 ohms 3.04 H 5730k ohms Sk ohms
Green (GRN)  81.8 ohms 1565 H 2950k ohms 2.5k ohms
Yellow (YEL) 56 ohms 787 mH 1.483k ohms 1.2k ohms
Orange (OR) 38.2 ohms 398 mH 750.2 ohms 600 ohms
Red (RED) 26 ohms 197 mH 371.3 ohms 300 ohms
Brown (BRN) 182 ohms 98 mH 184.7 ohms 150 ohms

| =

Pink to Pink 0.5 ohms 5.23 mH 9.86 ohms 8 ohms

Coefficient Al is responsible for the tuning tanR& loading
at the carrier's frequency and is equal to the el®d
conductance at vD = 0, or zero-crossing conductaDeethe

Pink other hand, coefficient A2 is responsible for thpiae-law
AM demodulation of the incoming RF signal.

Pirk EAU N (1)
i) v ||
Tysin(wé) L t Ty ‘Eiup

I,
I

Fig.2 Egquivalent circiit at earricr frequencies
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In Fig.2, IIN sinft) is the RF signal current induced by the
passing radio wave and driving the tuning tank.istes RL
represents the tuned circuit's parallel RF losddsis the
mutual inductance existing between coils L and LCuid LD
represent L2 and L3, respectively). We are intecesh the
fundamental frequency component of the diode’serurri.e.,
the carrier-frequency component iD1(t). Thus, we mate:

i) =y = A4 =g lr)] (@

In the frequency domain:
Inljo)= 4V lje)-4re) ®)
From Fig.2:

( 1)
IN(ja):Il(]m)—lfd(j(a)-‘ J(9C+R7 ‘+IDl(j{9)
\ L)

..(6)

Vjel=Ljo) jel +Inlje) joM @
and:
Veljo)=In(jo) joly + Ii(jo) joM .(8)

Substituting Egs.(7) and (8) in (5):

Ip(jo)= AL (jo) jol + 4Ty (jo) joM - 4T (jo) jeLl, — AL (fo)- jeM

=4 5(jo) jolL-M)+ 41 (je) jolM -Ly)
Then:
Inljo) -4 jo(M-Ly)]= 45(jo) joll - M)

21

Impedance transformation ratios are then N2 = L1 /for
each tap. The impedance ratio at 300 Hz or whatever
frequency in the autotransformer’s pass band isoajpately
equal (for k ~1) to the inductance ratio. Eachisagcognized

by its impedance. | find it useful to calculatentyg at 300Hz
and then scale the figures to the desired frequelicy is
desired 40k ohms to be the maximum impedance piien, it

is a simple matter of calculating 40*L1 / LT in kob to find

the corresponding impedance for the selected tap.

This is the methodology for determining the coroesfing
impedances assigned to each tap in the Bogen T-725
autotransformer (and for any other useful autofcanger for
audio applications).

The Bogen T-725 Autotransformer

Bogen Specs.
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L R,

A e (R
V. JelLi+L,+2M)R,

_ 3 ) L
Joll, +L,+2M) (L, +L;+2M)R

1 1
Tjoll,+L,+2M) [ L M)
il - ){l+i+_'—uiﬁf
| I

which suggests the following transformer-like netkvo
equivalent:

N
+
Vg LT BL

LT = L1+L2+2M
M= L™ =1y

N = 1 +{L2/LT)(2MULT) = LTILT
T B

Transformerlike network equivalent of the
autotransformer loaded by a resistive load BL

LT = L1+L2+2M is the measured inductance of the lgho
winding and L1 is the inductance measured frontapeto the
lower end of the winding.
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and

AL (jo) joll -M)

Ipljo)=
)= o —1,)

...(9)
Substituting for ID1(p) in Eq.(7):

; 2): jolL - M )jal

v, (jo) = Lo} jor +2hU@) joll —M)jaM
1-AjolM —Ly)

AL(je) o (L-MIM

W
O T oM ~ 1)

4@’ L1y —1)+ jol

=1(j)
ad 1- 4 jo(M—-L,)

where M =FIL, and k = coupling coefficient between L and
LD.

Then:

[1-4jol-1,)]

Ljo)=V,(jo
e)=r.be) 40 L (7 —1)+ jelL (10)

Substituting in Eq.(9):
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A jolL-M)

Inljo)=V,jo) ——r—5——"
mJel=taue A’ L[ —1)+ jel

(1)

Aolp(l-k)<<1

If then:

1‘|j,,),:r,rd'm]‘w
Jjal (12
Eq.(11) reduces to:
Inle)=7,(jo) J,I’hﬂl\
Lh o as)
Comparison with Eq.(5) yields:
Veljo)=Vjo) il
L .9
Substituting Egs.(12) and (13) in Eq.(6):

). -4 jolis —1,)]

1) M)
Iyljo)=V,(jo + r’,[m)“ joC+—-|+7, o) 4121 |
| P e Sy

jeL
5 [, M A4M-I
(1-0*LC)+ jol| 4 M), L AM-TG)
. (il 1™ ) R E
=3 (G}
it JoL

At resonance:

1-0’LC=0
which yields:

23

(R, + joL ), = jolL + M)I.
Then,

Iz Jp)'L‘,Jr-U)I;
R, + jeoLy (3

Eqg. (1) may be arranged as:

V, = jel.(L + L, +2M)— jel, (L, + M)
Substituting eq. (3) into the above expression:
ot M)

R, +jal,
_jol (L +L. +2M R, =0’ LI(L +L, +2M)+0’ (L, + MV L,
- R, +joL,
jal (L + L +2M)R, + @’ L{M* ~L L)
- R, + jo,
The mutual inductance M of L1 and L2 is given by=\Vk
(L1L2)0.5, where k is the coupling coefficient. R@lues of k
very close to unity, M2-L1L2 nearly vanishes and :
_ jol(L +1, +2M )R,
B R, +joL,
The input admittance of the autotransformer netwdsk
computed as:

V., = jol, (L, + L, +2M 97}

v,
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Useful Calculations for better understanding the us of The
Bogen T-725 Autotransformer

By Ramon Vargas Patron

http://www.inictel-

uni.edu.pefi php?option=com_content&view=artict&
id=235&Itemid=152

Consider a lossless autotransformer driven by &gelsource
Vg supplying power to a resistor RL. See figureoiel

Lossless autotransformer with
resistive load

Mesh equations describing the above network cawritgen
as:

V, = jolL, + M) + jolL + ML, ~1,)

(1)

1, :i[mL,u'z —1,)+ joMl,)
B .2

From the above equation:
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1
Oy =—F—
Jic | (1s)
The tune circuit’s admittance aR is:

,IL\

Y(joy)= = L

Ialime) (3 M), L (Mo
Vo) U L) R L

{ L.
=A,‘1—l£+—” b

Ifk =~ 1:

B B
umﬂ):o(m‘t)dillf e | -y

The diode’s conductance at resonance is then:

somi{1- 2]
.(17)

...(16)

A smaller GD means reduced parallel losses in thed
circuit due to the diode’s zerocrossing
resistance value.

We conclude that passive positive feedback in thetal
receiver acts reducing
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-
detector diode losses by a fact“, L) and, within the
range of frequencies for
which the equivalent model is valid, it won’t chartge tuned
circuit’s resonance

radian frequenc, VL€ |
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Optimization of the LD/L Ratio of a Selectivity-Enhanced
Germanium-Detector Crystal Radio

By Ramon Vargas Patron

http://www.inictel-

uni.edu.pefi php?option=com_content&view=artict&
id=235&Itemid=152

Our article “On the Reduction of Detector Diode $es in a
Crystal Radio” described a simple feedback techmidor
reducing the zero-crossing conductance of a geumanrystal
diode. The present report will show how to maximibe
signal voltage across the diode at resonance watile
maintaining improved selectivity. This will also vgi
maximum detected audio output from the receiver.

Under the assumption the aforementioned artiwbeved that:

s (. [Esif. i
Izv(ff’ﬁ’:73[}(91)‘%:[1* TD‘ —E]

where oR = 2tfR is the radian resonant frequency of the
tuning tank.

(1)

The diode’s anode-cathode voltage drop is:
(, M)
Vjeog )=V ljog )=V, (joy )| I_T‘

. I |
¥ (og) 1= 22
7o 1

assuming a coupling coefficientkl.
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transformer. Accordingly, the optimum values for & RL
should be:

R, =220 = 3 35kohms

R, = 22.35— = 0.954kohmns

Technical data was found recently on this transésrm
describing it as a Philmore 20k:1k 50mw input tfanser (no
more info available).

Case #2

Our second real-world example deals with the Ca#fa/00
audio transformer, specified by the manufacturea 490k:1k
matching device. Measurements were taken to vegifiinical
data found on the Internet. Results are tabulagémib

[ Windin{ | Wire Color Code | | Copper Losses |
[ Primary | Green-Red | 1p=525H | Rp=2.llkohms |
| Secondary | Green-White |  L1s=055H | Rs=69.60hms |

Calculated reactances at 300Hz are Xp = 98.96k a@ndsXs
= 1.036k ohms for the primary and secondary, reamy,
very close to the rated transformed and load impeeta(100k
ohms and 1k ohms).

The above values suggest that, under rated loadimg
matched conditions, the Calrad 45-700 will yieldloaver
corner frequency approximately equal to 150Hz.
Acknowledgements
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From eq.(7) we already know that at f3dB the priysar
reactance equals Rg/2. At two times f3dB, the eema will
equal Rg. This is a useful result, stating thahatlower end of
the flat passband the primary’s reactance willdigaéto Rg.

We can use the above results in the following wapm the
formula for a coil's reactance:

Y=l (9

the impedance of the primary winding at 300Hz (eetihg
resistive losses) is found to be Xp = 36.757k ohifise
secondary winding yields a value Xs = 1.57k ohms.
Accordingly, Rg should be 36.757k ohms for a -3dB
frequency of 150Hz, the optimum load being RL =7k.5
ohms.

A hearing device having an effective average airdjgedance
around 1.5k ohms will be matched to a detectorel®dutput

audio impedance of 30.....40k ohms. This is likelyatue for

a typical germanium 1N34 diode in an average pedmice

crystal set using a tapped detector coil. If highead

impedances are used, the —3dB frequency will bé&eshi
upwards and there will be losses at bass frequencie

For core losses to be neglected, the transformextl lo
impedance should satisfy the following relationship

o L X,
R, =N°R; >T’RE =TfR[.(R:

In the present case, Rc was found to be 447k otiresnfethod
for taking this measurement will be discussed ifuture
article). As a gross approximation, a value fordgeal to 20
times N2RL nominal may be assumed for a good audio
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Substituting Eq.(1) into the expression for thedeis voltage
drop we obtain:
2
V (jog ) =Velfog )= Iyljog) m————
-] 5

= Inljoy) Rix)

(2

Ly
Xx=,]—
where L . we call R(x) the detector diode’s transfer
resistance at carrier frequencies.

Maximizing expression (2) will yield stronger detet RF
currents. Therefore, optimization of the LD/L ratiaf the
receiver proves itself a necessary task.

A typical graph for R(x) is shown in Fig.1, wheransple
values for Al and RL have been chosen as ohmdRéand
LD
y=.|m2
100k ohms. The independent variat = ¥ L takes values
between zero and unity. A maximum in the graph mgeen
to occur at:

1

TR g

Y=y =1-

that is, at xM = 0.3675.
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Diode's Transfer Resistance
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Diode's Transfer Resistance

1
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Fig.1 Typical diode transfer resistance graph w 40 and
RL= 100kohm.

This is exactly the value of x for which the moelifi zero-
crossing conductance of the diode equals the coadce of
the tuned circuit at resonance, according to theimmam
power transfer principle, i.e., :

1
40— ==

L @)
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technical info was available at that time. The dkpwn fact
was that the external connection to the windings waet of
flexible green, red, white and black wires.

With the help of an audio generator and an osciips some
basic measurements were made. First, the greenviexs

were identified as corresponding to the high-impeda
winding (primary) and the white-black pair as tipaitaining
to the low-impedance side (secondary). Then, amoxppate
value for the turns ratio N was obtained. A 0.1Valpe
amplitude 1kHz signal was applied to the primariying

0.022V peak across the unloaded secondary. Thidegiea
4.54:1 voltage transformation ratio or N. Howevdr,is

recommended the turns ratio be measured under-ldd
conditions (impractical at this point of our wods we knew
nothing about the impedances of this little transfer).

The author could also get a hand on a B&K 875A LiG&er
for inductance and resistance measurements. Thé- hig
impedance winding measured LP = 19.5H and DC resist
losses of Rp = 1.236k ohms. The low-impedance stdeved
LS = 0.833H and DC resistive losses of Rs = 153 shm
Applying eq.(8) a value of 4.84 for N was obtain&His value

is believed to be a better approximation for N.

As mentioned before, the minimum acceptable barttiwid
should be 300Hz to 3000Hz, flat. In practice, atopk
response variations of +/-1dB relative to the mitbaare
acceptable. For the response at 300Hz to be withis
tolerance, we must select 150Hz as the —3dB frexyu@t two
times the corner frequency, the response is withiB of the
value found at mid frequencies).
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The above equation tells us that, under matchedigoms, at
the lower —3dB frequency the reactance of the ntiming
inductance equals one half of the source resistance

Then:
@Digg =
and:
1 R
T

" (7)

If the shunt inductance Lm and the source resistdg are
known quantities, f3dB can be readily obtained. tBa other
hand, if Lm and the turns ratio N are known, séhecf3dB
will yield the corresponding values for Rg and tyimum
load RL, recalling that Rg = N2RL.

A useful approximation for N is:

3
N= L—‘
R ()]

which requires that LP and LS be known. Also, being 1,
we may write Lme LP.

Working out some examples

Case#1

Some months back the author received a small audio

transformer having the code ST-11 stamped on ds. sNo

7

1
Ny =lo———
* 4R

Ly
OPTMIM

The maximum of the curve in Fig.1 is given by:

)= (1-xy)

2 1
ERIES +R—

2
For the said sample values of Al and RL, R(xM) =633k
ohms. The net parallel resistance across the tur@ng at

Ry = 2L = 50k00
- P
resonance i 2

Ramén Vargas Patron
rvargas@inictel-uni.edu.pe
Lima-Peru, South America
May 25nd 2009
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Analysis of the Tuggle Front End in three parts:

By Ramon Vargas Patron

http://www.inictel-
uni.edu.pe/index.php?option=com_content&view=artic&
id=235&Itemid=152

This article analyzes the Tuggle tuner, of commsa i high-
performance DX crystal sets. An equivalent circioit the
antenna-ground system with the tuner connectedhdsvis in
Fig. 1 below. It must be recognized that thereoime stray
capacitance of the rotor and frame of the two-geagable
capacitor to ground. This should be shown as alfoapacitor
across the bottom variable capacitor. Its preseviteeduce
the maximum frequency to which the circuit will &n
However, in the present analysis this stray capacé is
neglected.

Leose-coupled
~Ea is the voltage induced in the

antenna by the radio wave

“La s the equivalent series
inductance of the antenna
Detectorside g, ig the equivalent series

capacitance of the antenna.
-r accounts for the antenna radiation
resistance Ra and ground losses Rg

Fig.1 The Tuggle front end connected to an antenna-ground
system

The mesh current is described by:
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Fy'=N2E; =Fg

Fig.7 Eguivalent circuit for
calculation of The -3dB Ireqguency
Analysis of the circuit yields for the primary’s ltage:

JeL,

R,
- Jel,
A-1

whereo = 2xf is the radian frequency ai i=

Then, for the half-power point [eq.(5)]:

.
i SRS
4
Simplifying:
R
- =L,
2 ...(6)
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If the device has been manufactured for audio f&equ
operation (there are reports saying that small 60kzvoltage
power-line transformers have been successfully uasd
matching devices), then chances are that it wilraduce
frequencies up to at least 3000Hz. However, atté@naat
lower frequencies will be strongly dependent on the
magnetizing inductance Lm and the value of the a®ur
resistance Rg (high-quality units may reproducejfemncies
down to 50Hz +/-1dB, referenced to the midband).

The equivalent circuit shown in Fig.6.c is very uatle for
evaluating transformer operation at frequenciesowoethe
midband. We will use this model for calculation fof the
lower -3dB frequency (please see Fig.5). At thesjfrency, the
power delivered to the load RL will be one half tiat
available in the midband, this is, it will be 3dBveh.

Computing the half-power point

If we lower the operating frequency, eventually fhienary’s

magnetizing inductance Lm will start shunting theaiable

signal, reducing the output power. Recalling thatnad

frequencies Vp = Vg/2, the half-power point of tlesponse
will be described by that frequency at which theplimde of
the primary’s voltage falls to:

..(5)

With Fig.6.c in mind, we may draw the circuit ofgFi to help
us in the calculation of the lower -3dB frequency.
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where:

or:

Then, | = jyax When:
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o) i) o
wCa) \1-&’LC) aC
This is, when:
(2
1

L _
“{La)rl—aﬂc]_“{ caC ]_O

Ca+C

which is satisfied at certain radian frequengy

At this frequency, the L-C tank circuit behaves as

equivalent inductance

_ Lt
1-w’LC

Usually, L is much greater than, for antennas used in crystal

set work. Then,

L

La<<———
1-w’LC

Equation (2) can be written as:

wl 1
1-w’LC w[ CaC ]

Ca+C

We can then write:
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L1 I owa

Thor fny  BMedeluschil when,
T BL nominal SE<Red

R‘L‘ 3 % l By b} Mode! valid for midband
} frequencies

(c) Model validt for frequencies
below the midband

. (@) Model walid for frequencies
L
above the midband

Fig.£ Siplified equivalent circuits
for the audio transformer

We are interested in knowing if a specific transfer will
efficiently match the given impedance levels Rg &id We
would also like to know if the 300Hz~3000Hz bandthid
(minimum) will be accomplished by using this audio
transformer.
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Also, at rated loads, the effects of C1, C2 andstimuld be
noticeable only at higher frequencies, beyond thitband.

A typical amplitude versus frequency response cdovean
audio transformer is shown in Fig.5. In this figudelB refers
to the output level at midband frequencies. At fitpies fL
and fH the output is down by 3dB.

f fy

Fig5 Typical amplitude response
of an audio transformer

For a load resistance RL equal to or greater thenrated
value RL nominal , but much smaller than Rc/N2, the
transformer may be represented by the simplifiediet® of
Fig.6.
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w, L - Ca+C
1-w’LC wCaC

After some algebraic manipulation we obtain:

..(3)
wLC 2Ca+C -1
Ca+C

The equivalent capacitance resonating with L is:

2Ca+C
Ca =c( ]

Ca+C

Clearly, GC.

Following is a numerical example illustrating theeuof the
above results.

Let C be a variable capacitance with€= 20 pF and Gax =
475 pF. Let also the

200 pF. Then, G varies between Gun = 38.18 pF and
Cequax = 615.74 pF.

If we wish to tune the MW broadcast band starting30 kHz,
then the required inductance L will be:

L= 1

2
Wivin quMAX
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= 14645uH

The circuit will tune up to:

CBWM\N

1
C 2
fuax = fMIN[ NMM]

= 2128VHz

If we use for C a variable capacitance witlC= 20 pF and
Cuax = 365 pF, then

Cequin = 38.18 pF and Guax = 494.20 pF, giving for the
required inductance L a value of 182.46 uH. Theudtrwill
tune up to fiax = 1.906 MHz.

AcknowledgementsSpecial thanks are given to Ben Tongue
for his comments on the manuscript and for engyinga
further mathematical analysis of the circuit regagd
bandwidth variation with frequency, which will beore
shortly.
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« L1 is the equivalent leakage inductance referredthe
primary side. It results from magnetic flux not ity linked
by the windings and contributes to losses at highuencies.

N is the “turns ratio”.

* The copper loss (resistance) of the primary aewbisdary
windings is represented by Rp and Rs, respectively.

* Rc represents core losses. Contributions to tleases come
from eddy-currents and hysteresis behaviour.

« Cl and C2 are the intra-winding capacitances @nds the
inter-winding capacitance. These three are straraitic)
capacitances. They also contribute to power loaséise high-
frequency end of the response.

« If the windings are DC-isolated from each othée short
connecting the lower ends of the ideal transforimerthe
model should be substituted by a second capacitor C
connected between the lower input and output teaisin

Selecting a suitable transformer
For crystal set use, a good transformer should reviat
response from 300Hz to 3000Hz (or better) when ddad

following manufacturer’s specs. Accordingly, thdlof@ing
relationships should be satisfied:
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Modeling a transformer

An equivalent network for an audio transformer barseen in
Fig.4. Here, circuit parameters have been defimettims of
the inductances LP and LS of the primary and semgnd
windings, the coupling coefficient k between thesedings,
stray capacitances and losses.

ce
m
1

Erimary | L., Seondary
side side

Ideal transformer

Fig.4 Equivalent circuit for an audio transformer
showing compenents that tailor the frequency response

The following relationships apply:
L,=FL, (31

L=l (32

< ..(3.3)

« Lm is the magnetizing (or shunt) inductance fiie value
is responsible for power losses at low audio freqies.
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Analysis of the Tuggle Front End — Part Il

We shall now consider the Tuggle tuner deliveriogver to a
load. First, we must account for the parallel REsé&s of the
unloaded tuned circuits. LetRepresent the losses of the tank
circuit comprising L and C, and R those of L and G
(please see Fig. 1).

I
¢
La l
1 12— gz Semr = Fowerdaliverad
T toaload

B

Fig. 1 Lossy Tuggle tuner delivering
power to the secandany load

The load consists of a diode detector D in seriigls an audio
load R (usually an audio transformer matching a pair lof 2
ohms DC resistance magnetic headphones or low-iamped
sound powered phones to the detector) and is cduplehe
tuner via the magnetic coupling existing betwegnahd L,
being M the mutual inductance of the coils. Theoseary is
tuned to the same radian frequency as the primAry.
schematic for the load can be seen in Fig. 2.
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Matching Audio Transformer

dl

T1

=
e
z

Magnetic or
Sounc-Powered Phones

Equalising R-C Netwark

Fig. 2 Load coupled to the Tuggle tuner

Usually, it is assumed that optimum RF power transftcurs
when the antenna-ground system resonance resistaige
matched to the unloaded-secondary resonance paralle
resistance Ry, with the diode detector’s input resistance
matched to this combination. Thus,

1 1 1 1
=+
R()PT RTNK R'I'NK [ RTNK j
2
or R’
%P’f - 4
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Next, consider the situation where RL differs fr®g and we
still want the maximum available power deliveredRb. At

audio frequencies, it is common practice to conaawatching
transformer between the source and the load. Thisce
permits transformation of impedance levels, sucht tthe
generator “sees” an equivalent load RL' = Rg. Maxim
power is then available and it will be transfertedRL. Please
refer to Fig.3.

The transformer should be a low-loss type, in otderestrict
power losses to a minimum. Usually, a speciallpted steel-
laminated core is used when higher permeabilityiesmland
very tight magnetic coupling between windings iguieed.

M = turns ratio
Ry'=N°Rp = Bg

Fig.3 Audio transformer coupling the load Ry, to
the voltage source

In a crystal receiver, Rg represents the detedtmtets output
resistance at audio frequencies and RL, the effecverage
impedance of a pair of 2k ohms DC resistance magnet
headphones, sound powered headphones or piezaelectr
ceramic or crystal earpiece.

RL must be matched to Rg for maximum power transfehe
hearing device.
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This is the overall parallel RF resistance of teeomdary tank
under matched conditions, and suggests that tluaded Q of
this tank circuit has been reduced to % of itsealu

In this case, the net parallel resistance to bepleduto the

primary is:
Ry
RTNK[ 2K
Fig 2 Generator delivering power to R = Row
aresistive load R R +( 2 j
The average power dissipated by RL is:
- R @
B - v’ 3

@) )
We shall work on this later.

where VL is the peak value of the voltage acrosslaad. VL Some circuit equivalents
is computed as: a

In Fig.1, let’s replaceLand the coupled secondary circuit by
the equivalent shown in Fig.3.a, which in turn tenreplaced
by the transformer circuit shown in Fig.3.b.

vy
Substitution into eq.(1) yields:

(R, +R, F
Maximum power is delivered to the load when RL = Ry
this particular case:

(2

This is the maximum available power.
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n
N (-RA2ILL g
Ll Lz CZ 2 RZ (H*Z)L1. nz
o —[ o
e
Fig.3.a Magnetically Ideal Transformer
coupled eiremits N=R(L1/L2)0.5

K=Coupling Coefficient

Fig.3.b Equivalent transformer
eircuit

In the transformer circuit, the impedance coupled the
primary side consists of a capacitancé 82 in parallel with a
resistance RR,. Both are in parallel with the magnetizing
inductance KL, (please see Fig.4.a).

(1-KZ) L1 L1

ce/(utz) % (NhEiRe (W21 Rz

Fig.%.a Eqmivalent circuit as Fig.#.b Reduced equivalent

seen from the primary side atw=wr

K2L; and G / N? resonate at a frequency
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Audio matching transformer
Detector diode

LIl
‘H Headphones

+— R-C network equalizes DC and
AC loads to the diode

L 1

Fig 1 Basic xtal set with headphories impedance-matched
to the detector

This article will present technical material thethar believes
could be helpful to the hobbyist when selectinguitable
audio transformer for his set or when studyingizstion of
the one just found in the spare parts box.

We shall begin making some basic power calculatiéitst,
consider a sine-wave generator delivering powe tesistive
load RL, as shown in Fig.2. Vg is the peak ampétwed the
source voltage and Rg is the source resistance.
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Optimal Loading of Audio Transformers for Crystal Set
Use

By Ramon Vargas Patron

http://www.inictel-

uni.edu.pefi php?option=com_content&view=artict&
id=235&Itemid=152

Crystal receivers have attracted for decades ttentan of
radio enthusiasts, mainly because of its low pectsnt and
capability for long-distance reception when conedcto an
efficient antenna-ground system.

Overall crystal set design (and construction) detéry to get
the most of the RF power intercepted by the antémwathe
headphones, ultimately as audio-frequency powés, gbwer
being converted into sound by the hearing element.

In recent years, utmost importance has been givethé
utilization of matching audio transformers and ahii¢ hearing
devices for ultimate volume improvements in theseeivers.
Fig.1 shows the schematic diagram of a basic drysta
featuring an audio impedance-matching stage.
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1
“= c
KZLl(N—sz
1
- —a
L2C2
as .
NZ=k2h
LZ

The equivalent circuit of Fig.4.a reduces to that~@.4.b,
taking into account that for crystal set use, ndiym&<<1.

Up to this point, in the tuner side we have theiajant
circuit depicted in Fig.5.
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La
L1

Ca
(N"Z)R2

Ea

Fig.5 Eguiwvalent circuit of the
tuner with coupled secondary load

The series-coupled resistancéRb can be transformed into a
resistance R in parallel with R. Using the known series-to-
parallel “loss resistance” transformation we get:

(2
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.3

BW = 2Aw= 2r(1+i

in radians per second.

Next, we shall compute the bandwidths at threeuteegies:
530kHz, 1IMHz and 1.7MHz. Results are tabulatedwelo

Freq.(| BW | Q Re(kQ) [AkQ) [C [cCa [r Ly
kHz) | (kHz) (PF) | (PF) | (Q) | (uH)
530 5.004( 105.9 354.37 15550 450 200 [30 52

1000 | 13.47| 74.24 558.7] 190 190 2p0 B0 152

1700 | 24.83| 68.49] 487.072  406. 31 200 B0 52

Results for BW are very close to those obtainedmfro
simulation of circuit of Fig.1.b.

Ramon Vargas Patron

rvargas@inictel.gob.pe

Lima-Peru, South America

April 11" 2004
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PN

Ro, = K ZQZ

Next, we compute the equivalent resistangeoRthe parallel
combination of Rand R. It is given by:

__RRy
R +R,

Substituting R, by its equivalent given by eq.(3):
(A), L1
s(s)

w L.
Rp+ Tl
K*Q,

RT=

- Reay Ly
WL, +K*Q,R,
Letting (unloaded Q of |-C tank) we obtain:

R
Q=—

ol

R (4

F Tikoq,

If (please refer to part | of this

w, L
>l =—2 1
R Y 1-wlLe
study) we can redraw the equivalent circuit of tbeer at
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resonance as indicated by Fig.6.a, and, by virfubeabove
inequality, the resonant frequengy will still be given by:

2ca+C)_, ()
Ca+C

waic[

Applying a parallel-to-series transformation, thguigalent
circuit of Fig.6.b is obtained.

s La
R Leg
c
% &= Rse
v c = c
e =

Fig.6.a Equivalent circuit of  Fig.6.b Equivalent circwmit
the tuner when Bt 5> wyleg after transformation

The series transformed resistanggifgiven by:

R.= 0
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20, (C; +C)LAw

(i) - 2w, L,CAw
2Ca+C

=+4CR

which simplifies to:

C
2|_1[(:T + C(li w,Cr Re)]sz *Cr Re(zcai Cj

Now, if 3CrRe<<1, then:

Mw:t%[cﬁc][zczcj

this is:

Am:+&[ Ca J[ Ca )
“2,\2ca+C )\ 2Cca+C

)

SR )
L,\2ca+C

From part Il of our study we can obtain the follagi
expression for B:

_ A
o)

Then, the 3dB bandwidth is given by:
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2
N I "R T
R +[1—w2LlC wcTJ ®

or:

(1)
o, 1 _,

1-«’LC aC, R

Let w3 be the resonant frequency awnd = w + Aw the
frequency at a —3dB point on the amplitude curvee Teft
hand member of eq. (1) can be written as:

WL(C, +C)-1_ [w® +2ma0)C, +C)L, -1
f-wLclec,  li-lw?+2w80)LClyC,

with the following approximations:

(@ +aw)C; =wC;

(@ +D0) = w® + 20 Aw+ Da? = @* + 200w
Then:

@ L(C; +C)+ 26, (C; +C)LAw-1
(- w’LCc-20 L ComuC,

:iRe

or:
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Let Ly and
Rs:(“'R‘”) Ro=(w Ly
P

R; is the series term due tg-Rnd R;, that coming from the
coupled resistance’R,. Now, maximum RF power transfer to
N?R, occurs when:

)2 KQQ,
Ry

or when:

or

From part | of this study we know that:
L,

Ly=—2t—

“ 1-w’LC
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being

w2=_L[Cat+C
" “Lclecatc

Then:

2
(@Lm)zzi[Ca+C)le(2Ca+C)
LCl2ca+C Ca

oS

Eq.(6) is now written as:

...(8
LSl )R ®
rC Ca Ca) K*QQ,-1

Letting , €g.(8) takes the more

A= h(2+ S](1+£)
rc Ca Ca

compact form:

U
KQQ, -1

Solving for K we obtain:
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3dB bandwidth calculations

We shall now proceed to calculate the 3dB bandwinith
circuit of Fig.1.b.
Mesh current is given by:

IS
S dy 1
+ _
R J[l_wzl-ic (‘CT]
where:
- CaC
T ca+C

The amplitude-frequency relationship for | is detired by:

Ha)= 2
e 1
Ve )
At the -3dB points:
__E
I(m)—\/E

The corresponding frequencies must satisfy thetequa
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Xa: 1.637Meg)b: 2.315Maga-b:-521 €k 9
Yeilds.r  Yai-llz.7 e-a 3.333 -

which gives the value of the coupling coefficient faximum
—] RF power transfer to the secondary.

Power calculations

The RF power delivered to the secondary load ofiRigll be
at a maximum at resonance when eq.(6) is satisfies,is,
when r + R= Ry;. The maximum available power is then:

] i .
R TR 2
i o e P =t
S S, T3 B 2Ry

a0 8 g2
= &R,

..(10)

where E is the peak value of the voltage induced in the

antenna.

The power delivered to the secondary loadisRthe same as
that dissipated by the coupled resistané®NTo compute

this power we need the voltage acrogstresonance. This is
the same as the voltage acrosgih Fig.6.a. Then:

...(11)
jo Ly

Saies P e ey Toines E, =—2=
Ref=Ground X=32.1k(db)/Div Yevoltage(db) 1352% Leq ZRSL

Fig 3£ 2dB bandwidth for a resonance
frequency of 1.7MHz is 2473kHz

£ oy Teshey
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From Fig.5 we obtain for the voltage acroSRN

. E,
B = NR,
joL +N'R,
In crystal s,ets,NzR,2 «<wl; due to the loose coupling
between L and L. Then:
Elq

E, =—<N?
* el R

Ein {(w, Ll)z}

- joli| Ry

E
:.ﬁerl
I
Bearing in mind eq.(3):
. E
E =K

Substituting the value of &, given by eq.(11) into the above
expression we obtain:

1oL, K?Q,

E, =B
2Ry
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Xa: 993.9%
Yei-85.67

Xb: 1.290Megach:-291. 0%
Yai-sz.67  e-d: 3.000

-

ey

Y

D Lamey Tomay 2 ishey
RefsCround Xe43dk(db) /Div Tevoltage (db)

Fig 3 Frequency response for cireuit of ig 1 b
when resonance is adjustad to IMHz

Xa: 1.007Megb: $92.9% a-b: 13.77%

Yei 4520 Yai-0v o

a2z

10. >

p

=

n

e

s

E E B saer e o E

ReteGround ¥e25. 1k (dn)/obv Yevolsaga idnt 17254
Fig 3 KB bandwrideh for s resonance
requency of Mz s 1377434z
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Xa: S32.1k Xb: 608.4k acb

Yo 1467 va:

5000 c-a: 6.

76,30k
67

Som = o5 5 T2y Hes Tittey
RefsGround =252k () /Div Tevoltage(db) 185t
Fig 3 Frequency response for circuit of Fig, 11
when resonance is adjusted to 530kHz
Xa: 5346k Xb: 529.6k ach: 5.037
Ye:i-17.56m Ydi-a.048  e-d: 3.030
& L
-2,
-
-
-is.
15,
-2,
ET E BT EG S itk B
RefsCround X=8.8k(db)/Div Yevoltage(db) S307%
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Fig.3b 3dB bandsridth for a resonance
frequency of 530kHz is 5.037kHz

We can recall that:

Then:

Then, we obtain:
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- 2N7R,

Eq.(12) can be written as follows:

or:

P ca Y
NRz_[zcaijs1

Substituting this equivalence into eq.(13):

according to eq.(10).
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Figures 3.a through 3.f show simulation results diocuit of
Fig.1.b at resonance frequencies also of 530kHzHA Mnd
1.7MHz. Again, r = 30 ohms and Ca = 200pF.

Re = 2Rsg, and it can be easily shown that:

_ A
weeg)

The Y axis on the graphics represents voltage acRes in
decibels, with Ea being a 1 volt-amplitude unmothkda
carrier.
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S L iR Puax is then dissipated by 2R, and by consequence, this
power is delivered to the secondary load.

Some experimental results

Two coils, Ly and L, were wound on 4.5” diameter styrene
forms using 660/46 Litz wire.,.Lmeasured 152 uH ang,[222
uH. A two-gang 475 pF variable capacitor with bitkel
\ insulation was used to tune.LL, was tuned with a 480 pF

variable capacitor with ceramic insulators.
Unloaded Qs for each of the tuned circuits were swmesl at
] ] three frequencies. Accordingly, the correspondirig IBsses
were calculated. Data is tabulated below.

o RO T = f Q [ Q2w | | Recac | Rinkeac ] C | ©
i el 530kHz | 700 810| 27¢ 354.32598.816| 450 | 406
kohms | kohms | pF | pF
o 170 1 ceanesac 2500 1 MHz 585| 630 | 210 558.7(0 878.766| 100 | 114
“ © kohms | kohms | pF | pF
594 1.7 300 | 318 106| 487.072754.065| 31 | 39.5
MHz kohms | kohms | pF | pF
C : two-gang 475 pF variable capacitihvbakelite
e insulation
C, : 480 pF variable capacitor with ceramic insulation
= Qo : unloaded Q of kC, combination
/ Q., Q : defined in the text
= Rep, Rrnk: defined in the text
= Using the tabulated data, values for the optimurapting
coefficient K will be calculated for a working cigs$ set.

eeey Tones sty
Refiround Xe23.9%(4b)/Div Yevoltage (ds) 18154
Fig 26 3dB bandwidth for a resonance frequency of
17MHz is 25.02kHz
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f = 530 kHz

L= 152 uH

Ca = 200 pF (assumed)

r = 30 ohms (assumed)

A = 1.555 x 18 ohms
Q1QA = 2.938 x 16° ohms
K = 4.165 x 16

Check:

——5—— = 828kohms >> @ L, = 2214ohms
1+K*QQ,

f =1MHz

L, =152 uH

Ca = 200 pF (assumed)

r = 30 ohms (assumed)
A=1.9x16ohms

Q1QA = 2.334 x 16° ohms
K =5.663 x 16

Check: R
——5—— =113kohms >> w L, = 2387kohms
1+K*QQ,

f =1.7 MHz

Ly =152 uH

Ca = 200 pF (assumed)
r = 30 ohms (assumed)
A =4.068 x 18 ohms
Q1QA = 1.29 x 16° ohms
K =8.324 x 16

Check:

——5—— =15%ohms >> w, L, = 349&ohms
1+K*QQ,
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Xa: 999

S 3b: 1291Mega-b:i-291 0k

1088 va: som:

Tamey Teg B
ReteGround Xed3dk(db) /Div Yevoltage (db)

Fig 2 Frequency response of circuit of Fig.1a
when resonance is adjusted to 1MHz

Xa: 1.007Megip: 3523k a-b: 13.78k
600 Ydi-llez c-d: 3.022

Yei-e.
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E Toites Toaes
RafsCround Xe17.6k(db)/Div Tevoltage(db) 2454s

Fig 2d 3B Bandwidth for a resonance
frequency of IMHz is 13.78kHz



Xa: 531.9k Xb: 608.1k a-b:-76.20k
Yei-68.38  Ya:-72.05 e-d: 3.667

-1

-l
fr e 3 3 Izsmay Tasmay L7ty
RefsCround X-258k(db)/Div Tevoltage(db) 181t
Fig 2a Frequency response of circuit of Fig.1a

“rhen resonance is adjusted to 530kHz
Xa: 345k Xb: 529.5% a-h: 5.0k
Yei-leds Y4174 e-a: 3008
Fl
s 2an B2 Saon Sask

= B S
Ref=Grownd X=4.74k (@) /Div 59575

Fig 2b 3B bandwidth for a nominal
resonance frequency of 530kHz is 5.005kHz.
Actually, the resonance frequency is 532KHz.
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Comments:

The values obtained for the coupling coefficienthld for
Ro ' 88 discussed previously. The transformed antenna-

Nl

ground system resonance resistance, as seen frem th
secondary, will be equal tOZRJrRrN , as we are dealing with

3
maximum power transfer to,RUnder these conditions, the
loaded Q of the secondary circuit will be 1/6 o tinloaded
value. For other load conditions, the respectivia gaould be
entered into eq.(9).
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Analysis of the Tuggle Front End — Part Ill

As a first approximation, the 3dB bandwidth of #netenna-
ground-lossy tuner system under matched load donditcan
be computed assuming that the-@ tank behaves as an
equivalent constant inductance Leq in the 3dB passbthis
inductance being in series with the rest of theuiir However,
this approach leads to large errors in the resatssuggested
by a SPICE circuit simulation.

A precise model for accurate bandwidth computaioshown

in Fig.1.a below. Ris the net RF resistance in parallel with
the L-C tank atw = w , as found in part Il of our study.
Ground losses Rg and antenna radiation resistanceer
accounted for by r. However, calculations on thisuit are
rather tedious. Simulation shows that the circepidted in
Fig.1.b can be alternatively employed for bandwidth
computation with equivalent results to those given the
circuit of Fig.1.a. Here, Re = 2R¢please refer to part Il).
Circuit calculations in this case are much morepsm
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Fig 1 a Equivalent circuit for
accurate 3dB bandwidth
calculation suggested by simulation

Fig.1 b Alternative circuit for
bandwidth calenlation as

Simulation results

Figures 2.a through 2.f illustrate simulation résdor circuit

of Fig.1.a at resonance frequencies of 530kHz, 1Mtid
1.7MHz. Assumed values for r and Ca are 30 ohmsa0gF,
respectively. The values forrRare those obtained when the
secondary load Ris impedance matched to the primary side
(please refer to part Il). Notch frequencies odogrrabove
resonance can be observed on the graphics. The i& ax
represents voltage across r in decibels with Eagbailvolt-
amplitude unmodulated carrier.
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