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Wherever possible In Elektar circulls, wansisnors and diodes are shimply marked TUP, TR, ‘DUG" er “GLUS".
This indicaes that a tsroa group of similar dovicss can ba usad without @&ikment o the perioresnce of the
circoit. In this article the mindmum specications for this group are [EEed, with 1abhles of eaguivalent nypes.
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kinail recenily, tha spaid of & car éngang {r.pum.] wes measwred wnih an ansiogee system, I siands 10 reason that
a digital msehod would do aquslly veell, Inprincipie this can be dono with a comenon freguency mater.
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Literally thousands af eircuna lor trampistes-smplifiees heve bean developed, ofl of which were loter markemd
urder the bamner of hifi, The brasds that mest the Equa-standesds laid down in this isswe can, however, be
ented on the fingers of one = powgibly Teg — hands,
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Haturally, the slecranic candiy cen ba T with @ mareh (bor g pockel 1oreh will o the job wall; it eanba
Ebavin ause e "nigpid aut’ with tha fingers,

The “beain’ in the digitel cdock degscnibad e thes argicle s the clock-10 MMEI14, which neds asly 8 Fee
PERETNA| comipandants, The time ol dyy is indicated by serenssgment Ga-ds displeys. i

Tha digeortien in lacmare-produced or hamemads smplifiers & fragquently unbknown: designen sometimes gve
specifications, bt These are nor always celiahls, Since distartion meters sre wnelly exparmive Elskoar
Latiavanaries hve daveloped & simple, ingxpansive, but sffeclive imsbrument.
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The phenomsnon of ‘quadrophony” has atready bean 1he subjact of many publicamons, bur the confusian anly
Ssems to increase with every new artampt 1o cfanify tha Bsue. This srkcle may brimg a litde light inio the
darkness, by describing =nd comparing che mos2 impertan systems that have been proposs=d o far.

tunable serial amplifier . .............. .00 0 0 0.
Thgasrial amplilier describad in this article is characierized, among orher things. by ite low Aois sl (1-2 dB),
avoiaga gain of 10-30 9B, and a wide 1uning range [146-76 MHz).
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A important alternative 1o the machanical sairch — natsting or posh-oution — is the wuch switch, This has
the edvenipges of greausy relizbilivg aad a highar switching spead, 48 veell is bsing noossiass ond not subject to wear,
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The simplest pogsille Nashss device is a bimensl switch, This constroction &an Ge found in 'binker bulbs’ and En
the siarmar-switsh assnciamed wath = fluarescant lamp.

The posibdity immadiataly comes o mind of using 2 fluorescent-lamp stansr 58 & Nashar Tod Chrismas-es ar
other decorsnive lighics,
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E ILH waldely apcapred thet the loudspanker a8 the wankest link in the high-qualing audio chain, This i§ paricalady

Thi caid wf thé loemet working freqiessncies,

The manufactorer hai the resources and facilities 1o tzckle the problems s the mechanicalacousticsl sage,

This fireicle explains that she do-G-youssaif apgrosch that provides the best resulis 21 the kwest price is ovariaoly

the “slectranie loudspaaksd
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This shart articlo, inteanded o secampany thr “slicironic loudipeaker” i this issue, outlines the wey in which
& knowiedpe of the basice of slectsicsl enginsering can mve access to the ‘mysaries of the maviag-codl’,

I T RIITRY £ s o o oo s . B A S g R

Thisarticle deserites & simphe meathod of building 2n electronie cirosin of {ew componsns That will produce the
saiend of & resll steam train.

Many maded railways §1ill run on "eam’. For grester rezlism the steam locomotives ars nowadays often fiteed
withan zmificial smoks device. They betomsaven mans reslisic when an imisation sceam wihisshe i also provideo.
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B — oloktor decarsbar 1974 from DIN 10 equa-standasds

For more than ten years, manufacturers
on the Continent have been measuring
the quality of recard-players, amplifiers,

loudspeakers etc. against the West German industrial standard DIN 45800,
Proclucts that meet the published standards mey be sold as "hifi according
to DIM 45500", The editors of Elektor fesl it is time to propose a more
up-to-date norm.

Tt sevms ressonable to assume tho: ten
“iars idevelopment of, for example, am-
ghfiers should lead not only 1o extensive
mpditirisation but also 06 an improve-
menthin the guality of components and
circujye Thisconslderition gave the editors
of Fletor the ded of checking these DN
slandgirdsamains the present level of tach-
fioasty. Thisin torm fed to the formulition
afyilie new quality standards that are now
wiferadd for discussion

The basis of the new Eguastandards is as
follows:

[t must be possible in & siting room to
play back music with 2 recorded dynamic
fepge of 40 dB which loplies a required
gignal-lo-poise rmtfo of ai least 50 0 and
preferably &0 dR.

The level of background mnodisé in (he
eAtting oo i% taken to be about 32 4B
[sound pressure level); for headphone
listening 20 4B SPL.

The following standards can now bhe
proposed:

l. The (minimum) cutpul power of an
zmplifier, for vse in a fypical silting
room with typical loudspeakers, showld
he T wntte; the aqapment must be
ablz to maintain this power [avel cons
timoazly for at least |0 minuies, This
rquirement is the same a5 the DN
stundand.

The output power of an amplificr,
driving the k=ast semsitive headphomes

l.J

Tha raguiremencs and desigmae’eaim  values
scordieg 1o the Eguestendard, in comparison
vATh Ehé requiremants laid down in DIN 45500,
Thada 1I3n|:lard_.: =opiy 10 qualing-ampiifiars i
fenced for vse in domestic Aenirg roams.

shoald Be. ar least 0.2 watis; more
semsitive units  can however ofien
monage with | miliwate.

3. The skpmal-to-gobie must be at least
50 dB; one should atm at 60 dB. When

a volume countred is fared, these re-
quirements shoirld also be met when

this control |s set & —20 dB. The: DIN
stondard in this case specifies 500dR or
bitter.

4. The frequency pespomse curve sioald
be fRat within 1.5 d8 [rom 40 Hz 1o
16 kHz; in sgreement with DIM, Maore-
over, the curve musi remain smesath’
owiside these limits, alihoupgh it may
roll off sradually.

5 The peak amplitude (not RMS!) af
hatmanic dslortion mast be 259 (hen
0.3%; one should aim at 0.1%. DIN
lavz down 1 harmonic machsnm dis-
tortion of 15 BMS. This isa) too lkph
and B meaningless! (See the oriicle
“Enua-amplifies ),

B. Ihe  intermadulation distortion
{mexsired a5 specified by DIN) shoukd
be less than |% rather tham the preseni
IE.

T. The sinhility muosr be unconditional,

open circl or wilh o reactive (in-
cluding fnductive) losd. (This = nol
mentioned i (he DIN sandand

8. The crosstalk between different nputs
mwst be gt lesst 50 B down from
100 Hz to 10 kHz: proferably &0 dB.
The DHY requirément i= 40 dB.

Bl The suppresaston of crosstalk between
o pair of stercochanmnels must be af
lezsl 40 dBE from 150 H:2 5o 10 kHz
{ DI standard 30 dB).

The toble compores the reguirements ond

degsignersaim  values according to the

Equa-standard wilh the DIN 433500 =

quirements

These standards were first presented by
Elkekior on the comtineni in 1971 as a
startimppodnt  for forther discession, It
his simee then become appurent that tha
us=fpdness of an IM distortion measure-
ment {paint &) and the requiremeeis for
steren  crosstalk suppression (point 10
give fise fo s0me queries,

In addition, a ne=d 15 felt Tor a relsrively
simple and precise megsurement of trns
gent distomion and transient intermyodo-
latkon distortion (slope overload. slew-rates
limiting)

with any load, (The DIN standard says H
nothing about this)
B, Mo domape may be cawsed [other than
Blown intemnal fuses!) by overdriving
an inpet up o 2048 (FOX) or by
aperating the outpul with & short or
Eaua-stndard ] oM
| Adsuimimeni Fhﬁl'rgf_ aim I
CHAEIUT [Oar S | 40 ot | Al vt | 10 swmte
e . | L 2 m 10 vant [ 2x Miwemer | 2o 8 wintt
| Signal 1o noisa 50 4B | 60 dB | B0 dB
| Peponse 1.5 40 Hz m 16000 He [HEr | it |
Harmeanici pesk Gl O.3% 0,1% s }
| Harmonics RMS lavel |= - | 1%
__Intermadulation 1% 03% 7%
Brebifioy compisie:
registive Inad .!!- infimite Dirro s
capucitive load 10pF-104KF Ditta =
T Winhgrand + 20 68 10 min, | pitga =
Vhthatanch loed lgylt 10 mir. Ditto -
Cregsnadk hatwaen:
different inpurs S0d8 B0 df | 40 d8
I sIErec-nalr &0 dit Dittn [ 3008 |
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tup-tun-
dug-dus

Wherever possible in Elektor
circuits, transistors and diodes are
simply marked ‘“TUP', “TUN’,
"DUG" ar ‘DUS’, This indicates
that a large group of similar devices
cin be uzed without detrimant to
the performance of the circuit.

In this article the minimum specifications for this group are listed, with
tables of equivalent Types. Also described are sevaral simple measuring
procedures That make It possible to find the connections and
gppraximate parformance of an unmarkad devics,

As far as possible, the circuils in Elcktor
are designed so that they can the built
with slandard components that most
retailees will have i stock,

I & well-known that (here are many
generl purpose diodes and 0w freqoency
transistors with different tvpe numbers
but very snslar technical specificstions,
The differsnce beiwesn the varous tvpes
is aften litile more than their shape. This
Emily of semiconductors 5 referred o
in the various artxles by the following
abbreviations:

TUP = Transistar, Unvesal PNP,

TUN =Tmnsistor, Universal NEFN,

DG = Dipde, Universal Germaniaem,
DUS = Dinde, Universal Silkzon.

TUF, TUN, DPUG aml DUES have 1o mest
cerizin minimum specificatbons — they arc
nol just ‘any old transistor or "oy old
germamum diode” . . . . The mnimwm
specifications are listed in tables 1a and
b, It i alweys possible, of course, Lo wse
z  tramsistor  with  better specificatpoms
han Uhose fisted!?

Simple messurements

1t iz advisable only to nse scentconductors
wilh a clearly legible type number, and
wilh known spsciffcations. However,
tronsistors withoot a fype number ar
often cheaper, and some simple tesis can
give an indication of their value.

The first lest serves fo find out whether
the [ransistor s o PRI* or an AN tyvpe,

=l Lo locats the bass connselion. &
miillmeler B Gised, swilcheéd 16 the
lowest resistance scale. The plus lead of
the meter & connected to one of the pins
af the transistor (fguie lal.

The mints lesd 5 then touched to e:ch
of ihe other tramsisior pims in Luon, 17 e
meter shows a low msisfancs 6 Both
cxses the transisior is probably = FNP
type, and the plus Jead froni the meter is
comnected 0 0% base. I the meter shows
A low mesisiance af only one of the (WO
remidining pins the iransistor is probably
an NPM type, and the minuz l=od from
the meter B connectad o its bass.

If the meier doesa’t show a low resistance
in either case, the ples lead from the
meter should be connecied (o one of the
other twoe  ping and the proceduase
ragaatad.

Having located the base connection snd
the probable wpe (PHP or MPM) 2
double check can be made acconhing io
flgure 1h. For an NFN ype, the mings
lesd from the meter |5 connecied o the
bage and the plug lead i85 touchsd 1o
zach of the other connections i tuen.
The meter should show spproximately
the zame (low] resistance value for botl
cases. After reversing the coaneciisns io
the oseier, The same Lesl showld show =
very  ligh  resisrases  (hittke or no
deflection) for boih cases. For 2 PNP
type, the first two measurements should
show a high resistance and the second
[wo showld show 2 low resistonce.

The mext step is to locote the emitter and
colleeinr connections. The mnltimaier is
now swilched o (he highest esisiance
scale and the test lead:s are connecied o
the w9 remaining iransistor pins jthe
base a5 mol copneclEd), IF the ransBion
is an MPM type and the meoter shows @
very ligh rexistance [ figuee 1¢], the minns
fead 15 connected 1o the collectar znd the
plas [ead is connected o the emitter. On
reversing the connections. (figure |d) 4
elatively low resstance value should be
indicated. If the tramsistor is a PNP type.
The measuremend resulis ome reversed

If amy of ihe teits ghow eero resistance
between Iwa pins of the irnsistor, Lhere

PP S
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Tahle 1a. Table 6.
type Uy kg hie Prog T MPM PMFP Caze Rlarmarks
mas LI i max muir, BC 107 | 8L 177 -
TUN NPN 0V | 100mA 100 100 MW | 100 MHz gc 108 | BC 178 @
TP PNP 20 V 100 mA 100 100 AW | 100 MHz BC 109 | BC 170 :
BC 147 | BC 157 - Prax =
Table b, BC 148 | BC 158 1@ 260 mid
T = = - = BC 148 | BC 159 i
toi
hing max max max M max Eg %g gg gg‘; : @
DUS i %V | 100ma 1A | 250 mi B pF |ac 200 | mc 208 |
DG Ge 2w 35 mA 100 us 2650 mW 10 pF
BC 237 | BC 307 -
BC 238 | BC 308 @
Tahla 2. Talbsla 5, BC 230 | BC 309 :
| BG 317 | BC 320 s .
1621 PN s BC 318 | BGC 31 G] RER i
ﬁ :g; I gg E ﬁ :g: BC107 | BC177 BC 319 | BC 322
BC 108 BC 178
BC109 | BC237 BC 408 Bc109 | Be 179 BL247 | B 30 :
EC 147 aC 238 BC 409 BC 348 | BC 351 :
BC 148 ac 238 e atal | Ve 45 v 4B W BC 340 | BC 357
| Be 149 BC 317 BC 414 | e E':"‘,:: 25V OC 407 | OC 417 Prramic =
BC 171 BC 318 BC 547 | 20 20V BC 408 | BC 418 I@ 250 i
| BC 172 BC 319 BEC 548 | Vab, v By BC 409 | BC 419 .
BC 173 BC 347 BOC 549 | &Y 5 i -
BC 182 BC 348 peggs] | ™ 5V 5 v P B B T .| Prase
BC 183 BC 348 BC 583 BC-548 | BC 558 ' 200 miv
8C 184 BC 382 BC 584 le 100.mA | 100 mA BC 549 | BC 559
8C 907 BC 383 mmax 100 mA | 100 mA BC 167 | BC 257 . @| 1897250
100mA | SOmA | |gc 168 | BC 258 G]! lernae =
Tablo 3. Prat 00 mN | 300 miW BC169 | BC258 | B0 mA
| max { A0mW | 300 mW BC 171 | BC 251 ~ l2m .. 3
7 . 300 mW | 300 mW BC 172 | BC 252 @ lew nise
| fr 160 MHz | 130 MH: BC 173 | BC 753
BCi67 | 8cmsa BCas2| | T
' | min. 50 MHz | 130 MHz BC 182 | BC 12 -
BC 158 AC 761 BC415| | ity ol It @ .
BC 177 BC 762 BC416| | BC 183 | BC 213 | *(-,] 200 ma
BC 178 BC 263 Bca1?| |F | 1048 10dB BC 184 | BC 214
BC 704 BC 307 BC418 | | max 10da 10 dB BC 582 | AC BIZ —
Bc s | ec3os BC 410 ' 4 48 4de BC 583 | AC 513 @ R
g | 2o S g
i
BC 213 B 32 BC Ei4 The lgtrars afier the type nurmber BC 414 | AC 416 ; Iov miol 58
BC 714 HE 332 B EET clarang the current gein; BC 414 | BC 416 @
BC 261 BC 350 BEC 55A - n:-:ﬁ‘,n,,e,]- 128260 BC 414 | BC A6
BC 363 B 351 scess| B a = 240-500 T ek
i = 450500 BC 413 | BC 416 @
Table 4. BC 413 | BC 415 ;
: BC 382
oS . I pus Tabls Ta. Minimum spacilicmions Tor TUP sl BL 343 @
|84 127 BA 318 oaBs | TUMN BC 384
|B& 217 BAXI13 oA el BC 437 Praw =
I_ BA 218 BAYET 04 9 ;f::l; Th. KMiinimaim spaciticacions tar DUS and BC 4718 B.’ 220 i
Aeas] | e craliae Tahin 2. W transistor & that msst Ui e 8
BA 222 1M4148 | « Warious ar types tha :
oAz | | Yomsetton o e 3155
i Tabila 3, Verlows trandlvtor types that meet the B 459 e
| s TLIP gpacification
e e B T BC 261 low nolse
- R
g Tabls 4. Various diodes that meet the DUS or BC 262 @
o ! DUG specifications. BC 263 i

Tabls 5. Minimum specilications flor 1
EC107, 108, -109 amd BCI177, 178, 178
Tamilias fefcordig "o tha  Pro-Electron
#ardard]. Mame thar tha BCTPS  dses not
micasgarily  moat  tha TUP  specifioation
|||:|']11“- EBO maAl.

Tabla 6. Vardows ogulvalems for the BOI10T,
<108, . . . famiEzs, The data are those giren by
the Pro:Electran standard; individual manu-
fopterers will somsbmes give betier gpucile-
cations for thair own producis,

Figura 1. A simple method of finding tha rype
|IEMP a# MPH] andd the bam, amattes asd
ol lestar ping of an unknown TrensETGr,

Figura 2. A smple methad for adimating the
curmnl amplifisation fastor of an walnown
LFANETALAF,
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is aminternal short clirewil in the transistor.
fv is then shvetimes suitable as o dicde,
biat wswally can only be used as a very

- elepant Kind of jumper wire . . . .

|+, Io practice

the RCLOT/BLYTT

It skonibd be noted that in all the above
tests the positive lead from fhe meter iz
the one connecied 1o (ke terminsl marked
the woltage on this
terminal iy megative with respect to the
tErminal markad !

tvpes { Vepo = 45 volts) and the BC109)
BCIT% are low-noise, If these differences
are mot important in a particolar circadt,
the vanious types are interchang=ahle.

The code: letiers A, B of © afier the type
number on  these opsisiors denole
various  eument  amplification  faetors,
For the A-iypes this = fram 125 to 2al,
for the Baypes it is 240 1o 500 and for
the C-Aypes 450 o #00. A BCI109C is

therefors not o direct equivaleni for =
BCIO%E, for instance, although in many
praciical circuits it will meke litile or no
differsnee.

When using the eguivalent types BCLET,
-168, 160, BC2ET. 258, -259 or BC46T,
AEE, 469 |t should be noted that the
bage, emitier and collectos . leads are in
& different order (see table ). »

' when the mali-

a b

=

matel B switeled Lo resistance measare-
ment. The measuring procedure is basmd
op this polarity inversion,

An izdieation of the current gein of the
spkpown Iransistor cam be fouand In a
similar way (figure 23, The mulibmsier is
swlichad o the highest registance scale
the plus kead & connected to the emiiter
ard the migus kead to the colizetor (31 the
transigtor is an NPMN tvpe: otherwise the
vonmections are reversed), If the previous
tezis ware carmied out correcthy, the meter
should slow a fairly high resistance

The collestor and bas:e connecticns are
now brdged with ome flingsr, so that
carrent flows viz the kin resistance io
the base of the transistor ander test, The
maiet ghould now register o fairly low
tesstance. The kigher the curment gain
iand the lower the skin resistarce’) the
lower the indicated resistance vahae will
be. A comparative measurement with a
Lrznssbor of known guallty will pive an
indication  of wheiher or pot  ihe
‘measared’ current gxin was sufficent.

Specifications and equivalents

A number of transistor types that mest

the TUN specifications are listed in
tabla 3. This list is, of courgs, bcomplelo
— there &ré far more possibla Dypes.
Table 3 lisfs a number of possibilities for
usz a5 TUP, while table 4 gives equivalents
for UG and DHUS,

A furthsr groug of belter quality tran-
sistors are the BCI107 - BCIOA - BOCIO9
{MPM) and BC1I7T - BOCI78 - BOI7O
(PNP) families, The minimum specifica-
tions are Hsted in table 5. while table &
gives a list of equivalents. As will be
obrious from the specifications, the main
differsnce: between the types are thai
are  higher wvaltage
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digital sovolentko nes o0 snio

swinging
inductor

using one
op-amp

__digital

Until recently, the speed of a car engine (r.p.m.| was
measured with an analogue system. It stands to reason that

a digital method would do aqually

wall, In principle this can be
dione with 3 common
frequency meter. Since in this

cpse the number of revolotions per minwte (rp.m. ) is to be measured, the

tima bese will have to be somewhat adapted.

The princlple of simupiating an inductor
with a espacitar plus & gyrator |5 wall
known. With the usaal gyrator circuits
there is, however, the objection that one
reeminsl of e resoiline inductor is con-
mecield o eircuil earth. A Cswinging” or
freewnded inductor can only be abtained
imdirecily znd wilh zome complication
The -accompanying dogram  shows a
swinging inductor that reqguires two capa-
ciiors 2nd one aperational amplifier. The
Imclectancs eppearing belwesn points A

mnd B is.given by L=M X 7, where 7=
Bl % Cl =(RI + F2¥CL Pl will de-
termne the 0" factors.

The rules of the game are! the external
impedamwes befween point A and cincuit
garih must be less than 2 k. whale the
load on pobnt B st be rougkly equal to
the voiue of PI (47 kKO im this case ). Wih
the wahass given mn the circual diagraom, the
inducrance oblamed iz vamable aver a
ranze of approximately 1. ., 100 Hearles!

The contact bpeaker in every ¢ar (exoopi
diesziz] und on every ongine closes and
opefts 2 certain numhber of Gmes per
mingte. This number is determined by
the following factors: the number of cy-
linders, the t¥pe of cnglne (Iwosiroke or
foar-strokad and the number of revo-
lations per minuate. [T the first two daia
are known, it can bo calcubsied how
many pulses a ¢eriain contact beeaker
gites per smcomd at a certmin number of
revodu tions per minuete,

A onecylinder two-ptraks englne rhos
one pulse per revolution. A one-cylimder
four-stroke enging produces cne puise per
bwo revolutions. 50 & fourstroke engine
gived hall the number of pulses ag ihe
same number of revolitions, This lesds 1o
the formula for the number of pulses
per szoond any tvpe of eaging prodeces
at o cerlain nomber of revolutions (per
mifLie 1

HXE
i —
P E0ua
where p=  pulses per second (pops.)
= [CYS periminuie (f.pom, |
c=  pumberof cylindses
@= | for twostooke, 2 {or

forur-siroke,

By meanz of this formula we dan ow zel
up Table | which immediziel shows the
fixed rpanipps o for each tvpe of
engine. For inslandce, a mosl common
engine is The folr-cyvlinder four-sitoke, At
6030 rpm. lhis enpgine produces 200
p.ps. To expreds the ropom. in four digits
will therefors rake saane 30 ssconds, This
is, of course, out of the yoestbon becanss
within fhe time span of 30 seconds the
mumber of rpon. 5 subject 1o variatiodn.
Consiquantly. the nombér of digits
shown B reduced to two. The meamunng
time is then only three icnths of a
secomnd. The enpine speed can thus be
measured with an acouracy of = 1%,
which & amply safficient,. BNobody will
care whether an enmine makes 3418 ar
3437 rpm

The circuit
The pulies produced by the contact

breaker are wgsually a bil frayed dwe o
coniact ‘chatter', and the voltage pro-
duced i variahle hecagse of the resulfing
inductance voliages

Since elecironte ciraunls an general have &
severe dislike of inductive volrage peaks,
tkese voltages will have 1o be supproessed,
or at leask limited. A Zener wilh a capa
cilor in parallel for the shirp peaks
provades saifelent protection. This proe
tective network 15 formed by By, Oy and
[y (Eee figure | ), Thies The indactive peaks,
and Lo some oxlon! also ¢ontact challer,
are suppreied. The nemaining chatter &
suppressed by means of 2 monostable
matttivibraior, which wses hakf of a 7400
1C. This omne-shot responds 10 pilses with
a whilth of Y0 s o more, In addiilan, the
aneshol paszes pulses wider than the
chamcteristic pulse time for their entire
tength, =2 thal spurious pulses have no
effect.

The timebass is provided by a simple, yet
relatively sfable LT -gseillator, lis puls
widih can be adjusied over & wide
rangs by means of potentiometsrs By and
Ra: the first ic for coarse adjuciment, the
second for fine, In some cases the walue of
Kr mus be changed (larger or smaller) (o
etable [ha required pulse width 1o be 521

In contrast to the wsual cirouits, the out-
put pulse is not vsed fo drve o counter
gate, The signal to be counlsd js fed comn-
tnumesly to the cowmter jnputl of the
dipitnl counter uwsed. This & possible
because the measiting time i =0 long thal
the memsurng error due fo the katch-and
remel time is negligible,

The sagnal [or the bilier meémory nsed i
the coonter is derived [oom the discharg:
pulsy the LT produses scrom Rg, The
tramiistors Ty and Ty provide 3 level
suitable for TTL circuits.

The latch signal thus oblamed & 2
positive pulse. The negative edge of this
palse i used for Lriggering o one-shot, so
that a reset pule can be peodiuced after
the latch pulse. The decade counter. type
7490  (generally  applied in  digital
counters] musl be reset with a postive
milse. Howsser. the oneshot produces a
negstive  pulse. Momeover, the  delay

=
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Beiweon lotch and reser e oo emall jo
ensure optimum funciionieg. Therefore,
the positive troiling edge of the megative
pulse is used, After differcntmtion with
Cp oand Ry 0 useful sgnal appears on the
resel outpul, [Mode Dy sappresses the
differentjsted puole couwsed by the
pegriive fank.

%0 far the overall contral eirewit, g
layout is shiown in figure 2.

In peincipe any digital decade coamter
can be wsed, snd ope that is eminently
guiiable = the minitron counter. This
decade connter oonsisls of @ display boand
with aeveral counter hoords mounted
it ripht angles 1o it. For rhis wpplication
the displey board is shorlened o about
5 em, 30 thar it can accomodate only two
minitrons. The complete  minitran
counter with two decadss i3 then a bhock
of po more than £ % 6% em. The
dimensions of the control circuir Board
are reduced cormespond ingly.

The dizgram of the minitron counier is

shown in figure 3, The T4%0 is connected
¥ 0 normal divide-by-ten circnit. The
buficr memory, or latch, s a 7475, This
IC contains four D-flipflops that store
the atformation from the 7490 or pass it
on  contineously, as  reguired.  When
mdsnting the IC on the board, pin 8 must
b2 cut off; or, if IC sockets ane usad, pin 4§
Cin be removed from the IC sockei.

Via the Ta415, the BCD informartion is fed
to the T-segmeni decoder 7447 which
drives (e miniron directly. The board is
ghown in (Ggure 4. By means of soldered
oanfeciions the display and counter
circukt bogrds sre joined 1o fomm a kind of
block. Ft;gur-e £ shows how ard where
the soldered connections must be made,
The widih of the contiol ossd marches
thet of the counter boards se that that,
ton, can he soldered to the display boand.

Supply
The m=v, counier operates on the usual
voltnge for TTL-ICs, thar is 5 ¥,

Figura 1, Cirsyis dipgram of the cemtrod circart,

Figurz 2. Printed circult boarnd asd componant
ley-aurt Bar the controd ciroait.
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Ajustmant

There are several ways of adjusting the
v, counter. The most accurate method
& by usng the mains frequency or a
crystal fime bage. Unfortunately, The
latter will not always be available.

Another possibility is to use a tone gener-
ator, Bolth mams frequency = and [one
generator adjusiment are discussed below.

Adjustment with the tone generator
Faor this method of adjustment. i tone
penerator with calibrated tuning scale far
redasonable accuracy is a first requirement,
Tehle | gives the frequencies cosres
ponding to o <oriain Dvpe of enmine
running al &000 or EO0O rpom. Further-
maore, each freguency corresponding 1o a
cerlain enging speed can be calculated

with the formula glvea above. 5o far s
gond,

Howewer, the circail resposds only o
square  wave  walizpes, so0 the tone
generalaor will have [0 preducs 8 Ssquars-
wave output, or the coaventional sine-
wave must be converled inlo a3 bguErd
WIveE,

This can be done with ge - simple cirooit

3 (8
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Engine typs | e Endicarion |
st B pps
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2 oyl 2-sircke | 1500
dcyl. 2-atroka §O00
1 oyl 4-stroks B0
2 eyl d-stroika A000
& cyl, &-stroke 1500
| B eyl &-ppoka 1000
| 8 oyl Lepircka To0
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in fignre 6. The output sigmal of this
circuit -is about 10 V. which & sufficiznt
o operaie the rev. couniar.

Adjustment with mains frequancy
Her again The suxiliary circoil of fgure &
i uséd, for the mains voltage &5 a sine
wave, A simple ball icansfommer, or some-
thing - similar, will provide the reqgueired
maltage of 6 V.

The sguare wave oufpat from the circuil
5 applied o e inpul of the coninod
CAFCLEiE,

Table 2 chowi what the rev. coimier
should indicate when wsed with a given
type of engine, and operating ona 30 Hz
imput  signal. While the mput sgeal is
gpplied, the counter can be scedpaiely
pdfosted by means of Bs and Rg. Adjust-
ment must be such that the reading
flwctuate: a5 ligtle as possible between
varicus vahees, As is usual for most digital
coumnlers, The lasl digit can jump phas or
NS kG,

Engines with several ignition coils

Some empmnes have mose (han one
ignition codl and ¢oniact breaker. Io this
c2te  the various c<hamnels from  the
coptacl points shoukd be cowpled with
capacitors. Flaure T shows how thes is
bezt dane, A little of expenimenting may
mmetimes be necsssary vo find the best
values for the capaciiors, -

Figurs 3. Circuit disgram of - thee  minitron
dacids,

Figure 4. Primbed cirewit board and oormponmr
loyout for enwentar plus duplsy. Far this
particular application the displey board ean be
iheranad 1o saout 5 om.

Figuraé T, The photograph shows clearly how
the soldossd comngctioms Batwaen the mwo
Boards mwst ba meade.

Figeara B, Auxiliary croait for adjusting the ey,
sounter h'|r meand ol & Weng ginacEtar ar with
1he mains frequency.

Figure 7. If the erging ha more ihen one
igniien ooil, 1his suxiliary chrouit can be wasd
i phalam @ corest ypgeed incEion.
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Literally thousands of circuits for transister.
amplifiers have been developed, all of which
were later marketed under the banner of hifi,

The brands that mest the Equa-
standards laid down in this isue
can, however, be counted on the
fingers of one — possibly two —
hands,

A feedback loudspeaker system (‘electronic lowdspesker’) places very strict

requiremants on the associated amplifier. Thiz consideration, among others,
lad the editors to develop an equa-amplifier, with a circuit that could be
easily adapted 1o give any output power up to 100 Watts,

A hiphgquality cmplifier must meel severl
Equirdmenis (sl are nol haid down by
the [HN standard for so-called hifi-
emplifiers, With present techpiques it is
not very difficelt 1o build an amplifier
10 sarisly ihese requiremenis

Quality requiraments

In the first place, the omplitude-freguency
response curve of an amplifier should be
flaf awver (he enline audio-range, 52y from
0 po 20004 He, Ouatsade this range the
Curve il reimdin Csmoorh”, wliich 5
actually the regult of meeting o require-
ment placed wvpon the phase-frequency
response inside the ramge. (This Lstier
poinl ix the vital one; bui the amplitede
cuarve |5 pssier 10 meaasure]), A& rollofl slope
of, say, 12 dBfoctave below 30 Hr apd
above 20 kHz will not in iiseli inflaence
The guality. (01 will freqoently prevent
subionic or whrsonic overdnving, anpd
produce an audible improvement.)
Secondly, the distortion mast be 50 Jow
lhal # camnol be detecied by earn.
The threchald [or this is tvpically 0.5 to
1%, A problem hére is (hat our hearing
respoads 1o Lee amplitode (e, peak level)
of & dtortwen componenl and nol (o ils
REME level, Theérelore, the amplituds of
any distodtion component must remadn
below 05%, The uspal distortion
measurement gives the BMS resuli of all
unwanted componsnts; this doss not
Hways give a meaningful, mever muimd
sccamabe, impression. We will refumn to
this point in 1 moment,

Finaly, we mmust aleo 2t up & régquirement
houl reliability, This can be sammed up
in general erms a8 follows: the amphifier
must be unconditionally stable, with any
lﬂ-l-ﬂ'p b omssl alse be prolecred Entermally
against overdriving, excessive loading and
yollage suirges by induchive loads.

The output stage
In principle, output stages can he kit
| in many ways. With [wo or neome

Iramsistors, a super-emitter-follower, the

so-called Draddingron pair, can be made.

In figure fa this & shown (o two NPN

transistors; figure |b shows the perfecthy
R

complemeniary arrangemsnt using PNP
trancisiors.

Arother possibiliiy B 1o we complemens
tary fransistors in cach half of the owipul
sipge. This principle iz shown in figare 24
with an NPN power fransistor, and (n
fignre 2b with a PNP power device. These
circuits cam be seen ax amplifisrs with
faifly high opendoop gain, using 1005
negaiive feedback fo schieve a wvolrzge
gain of uniny. This behaviour resembles
thai of an smitter-ioltowsr; the perior-
maonce 18 however mather better,
particularty with small signals.

A very popular output stags configanration
15 The combination of bgure Io with
Mgare 24 10 Torm the “guasiscomplemens
tary” arrangement. This has the advantage
thal the power fransistors are identical
WEPN types, which are msually easier and
chexper o gel hold of than their PP
complemenis. 11 has the s=rious dis-
sdvaniage, however, Thal the 1wo halves
are not really complementary — which
invariably causes increased disioriion

The half stages of fjgures laand b = two
Darlington arrangemienis - can he com-
tined 1o provide a perfectly complemen-
fary circuin, The combingtion of figures 2a
and 2b is, howewver, the preferred armnge
miénl. The individual cireuits themss=lvag
are  betler than Darlingfons, and the
complele oulpul slage is alzo complémean-
tarly - symimebrical, This  srrangement
thergfore was chaosen for  the Equs-
amplifier,

The Law of Cuossedness tequires that
this circuil shoold also have chiectionatle
aspects. Well, 1s has. O practical ohjec-
tiom is that the ontpui 15 taken from e
power-transistor collectors, which means
Thal the deviee cooling mrfaces carmy
audio vedtage, To avoid stability problzms
the transistor muit be mnsulat=d by mica
washers, and the heaisink ifself should be
connecied (o eireuis eani.

Crossover distortion

The distortion in a power amplifier is
wsteally determingd by the output stage.
Oy wellknown effeet (5 ( primary b cross-
over distorthon, Thiz occurs with class B

ourpul sages In The neighbourhood i
zero-crosaing of the sipnol wovefoom
Boih lealves of The stape are (hen aporat-
ing tn the non-lisear area close fo cut-pff
To avoid distariion It must be arranged
that the stage-pain (sctually lts trins-
condeciance) does mor vary wilh rhe
position on the signal wavelorm. Ad
greater axoiursions ane hall of the out-
pul stage & amplilying and the other i:
et off. The active half will show itz
ultimate vahze of transconduciance (o7
“shope™) over most ol ils working range

If the stoge iz sufficiently  symmetrcal,
the vltimate slope will be essentialiy (he
same for both directloss of swing. In the
‘grossover” region near the zaro-crossings
both stzge halve will condoct, This can
lead io three situalions (see figure 3): The
sum of the wo slapes ecan be - gresrer,
less shae of equal to the ultimate slope of
one half stage during grester excursions.
Cleariy, it i= the third sitwaiion that s
required for minimum disiorrion, This
condition iz most closely opproached by
arfanging  that both sections amplify
with half tbziruliimate slope at the agtaal
point of zero cmssing This is achicred
by, among other things, seiling the
corresl vahee of standing (“wulesceni”)
aurrent.

Secondary crossover

Less wellknown b5 the so<culled second-
ary crossover distortion. This i cased by
charge-siorage in the bases of, mainly,
the cutpul transistors, The effect & that
the cutpul sections ‘cul off too late® and
lurm On o0 late”, I FII'I'_'IIIL'II:’.'.'S- st
distortion. noiches, shown for one half
stage 1 figare 4 [exagperared for elarine ),
This digtortion is virtuzlly ignored by the
‘normal’ distorion measurement!

The DIM standard spocifies § messure-
meni of the RMS valoe of the todal of
distortion products. Suppose now  that
the amplilude of thess notches (s 59 1Y)
of the signal smplitude. This & distinetly
audible, During sach cycle thers will be
only 1wo noléhes, which are very shori.
Suppose now (sl the [ofal polchiine
s one fifticth of 2 eycle.

i
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An BMS measurement now gives he
ffective vakue 85 0 proportion of the total
effective valie — less than 0.17%. Such an
amplifier  Ihersfore  meets  the  hifi-
standerds und may be sold & a hifi
insimument. But a high-quality amplifier
it Is not! In the Egoa-amplifier cerfain
procautions are taken 1o keep this Kind
of dislortion us low as possible.

A firt pood step in this direction is ro
inlroduce low-value resisiors beiween hase
amdl emitter of the output ransistors.
This allows the charpe 10 Dow of f more
qusckly.

Afier this, compenslion networks ar
Inserted in the cmitter circuits of the
driver trangistars. Thesé nelworks are
designed 10 smulate ihe owtpul fran-
sistor’s  bass-cmitter junciion willh Qs
shunt resigior,

O balf of the ouipal age fhen has the
circmit shown in figure 5. The choice of
diode and other components depends on
the properties of the associated power
transidor. The idea b (0 select the values
20 that, provided on owlput transistor of
the specified type {5 ussd, the worstcase
iotel smplitode of the distortion will be
less than 00 1%. Using good |nstruments
il 13 possible fo trim up an individood
amplifier te shouf 00151 One mast,
however, have sccess 10 1 pood distartion-

Figure 1. The Dardingion sirsuil for one hali af
in oulpul iags. It can be bailr wp wsing two
MPM (sl ar two PRP (o) oansisoens,

Figure 2, Anshermatie cresin far sutput stage-
halvas, Cine &all s built wp wing & PRP
Tallewed by an NFMN, vice wedsa,

Figure 3. Thme pospsible crossover charietar-
litick, diepending on how the sutput transstons
ari bingpedd, The ouiput signal bs slweys the sum
«f tha signals fiom the twe stage-hakves,
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meter, a low-distodion oscillator and an
mscilloscope. We hope o publish designs
for sich instruments shortly.

Protection circwits

Each hali of the pwipui siags & fiEted
with o profection cirepit, Figure § shows
the arrangement fer the upper haolf, The
cirenit fa o three functions. Chiendriving
the input andfor excessively loading the
output will gouse 3 large current to fow
through the oulpwt (ransistors. The
wvollage drop across the cmilisr resspor
Ris oppeors belween the points Band C,
I this volizpe drop cxceeds abowi | wvall,
T will stam 0 condaci, This shoot-
gircuils the dnve o the osulpur stoge
and bmils the outpul curtent swing. The
mzxximum out pot current is about

lpnax = amperes for positive

1

“I-‘- | O B'.r.!i
{or negailve] swing. Taking Rig = Ry =
I ohm makes this current abont 1 A
with 1he values Rig = Kyz = 0.22 chm
# approachés 5 Al

The tkind funciion is coanecied with (he
experiencs that back e.m.is. prodieced by
mductances at the output can hlow ol
ihe driver transistors; the baseemiiler
jumclion s exposed 10 an excessive Teverse
bias and th resulting breakdown desiroys
the tramsistor. I this amplifier, when ihe
base-emitier voltage of Ts goss megative,
the base-collector junciion of Ty becomes
forward-biassed. Thi sfely limils ke
teverse hias on Tg.

For hiph-powar wersions it i advianble
io add | & seres resisiors in the base
connections of Ty and Ts. Thess are
shiown dadlbed in feure B,

An exies protection by means of o Tuse
in the supply roll 5 oot just lusuny,

Stretly speaking it is unnecessary, buat il
doss pravide a copvenient messaring-
point  for the standing current. The
milliammeter can be csimply connecied in
place of ithe D=,

The complate amplifier

Figure & shows the complete cireuit of
the amplifies, Several details mest the eve
that have not been disciissed as vei, The
four capacitors Ca, s, Ta &0d Uy are
inctuded to comrel and improve the
hiph-frequeancy performance of thi# cifouit
(sizbility and impulse Tesponse o pa-
piciklar b,

The feedback rmesstors By and R
determine the amplification. This 18 sei
by the specified valucs af abour x20.
Bedincng the value of Bs s allowed;
it wifl incresse the pain (and therefore
the imput sensifivit¥!) bor will also
incegase the distortipn. For this redson &
oinimitm value of 100 ohm i specified
for Bz, The distoriion B then still accepi-
able while the gakn (s tn the order of 106,
Transistor T conirols the ouipul siage
standing current; the required value is set
bw adjusting Pa. Befome switching the
amplifier on for the firsg tlme, Py should
be set al micimuam. The amplifies can
then he swliched on and the correct
gubescent eurrent sef inc aceondance to
table 3.

The circuil around Tg 15 wasualk in this
application. I is shown seporately in
figure Ta. Fundamentally it iz a combi.
nation of a current-ource and a gyrator,
providing a Tadrdy high impedance for the
collector boad af Ts. This enables T3 1o
fufly drive the oulpul sioge withouwl
‘running out of current’. The vseal way

Figure 4. The sigral freem o hall of an owtpst
stige, Tha weondiry cromover distortion s
chaarly wisible 2 smal motches supsrimpowssd
af the helfzimowass. & ‘normol destortion-
muasieement virtually igranes thin afiast,

Figure 5. Tha same chrouit 2z figura 2, But row
ingluding the compensation-mivwerks. The cor:
et companant valugs depend on the chame-
teristics of the powar tRosistors. This frrangs-
mieak i isad in the sgqua-amplifier,

Figurs . The protaction rowit. & nebwork of o
this Kind i sdded to each half of the output
simgs. It pratects the amplifier ageing e
driwing, excwidive leeding ond industive back
voltagey at ths SuLpiat. |

Figurd 7. To achlsve a high salketor fred.
impadance far the pea-driver transsior Ty the
sombination of gyretor and ounenNt-SeoIGE
shaws Gn figure 7o moay be uied. Theo classie
sslutien I ‘bootstrapping” & shown  in
figurs Th We befiews the fiest olroudt i
prafomable, but the circuit boaard can be used
writh aither:

Eigure . The coamplate amplifor. Wik the
wpacilied powsr transistors the maximum aue
gt powar rating #s abowt 100 waEs  inao
4 whins. The compensation neiwerck is deasgred
& mateh thaeo franskstors.
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af providing thiz high impedance & ke
‘hontstrap” circuil shown im figare Th,
Thiv latter crotil can be expecied o
have a greater instabilily-nsk; bul praciiczl
enparipnce has vel (o demonsimale any
difference. The cincuit hoard is suitable
for either arrangement althowgh, in our
apinion, fgure Ta s preferahle,

Finally, the louwdspeaker connestion  is
parallell=d by a metwork congisting of
Hyg, Rjg amd Cypy. This puamniess the
stability of the amplifier when it is
cperzled without a load.

The proof of the pudding . . .

Spweral ampliffers were bullt according
10 this recips, using randomly-chosen
components. The Worst-case mensiies
ment results were as follows:
-".||'||'||:|rI!-|1-:"-r"r\-.'|:|L'E1|.q.'!.' rexplange curve flal
within 1 4B from 20 Hz io a0 ¥Hz.

Table 1. Tha roquind supply volteges snd valuss
ol R and Rj7. for various lowudspeskers
tremimal] impedanees and output power rEtingd,

Ouiput Loodmesker Supphy B, Bo

avelr  impedance woltage  [ohim)
twaltl  alm| [sali)
1a &....18 iz 0.47
2 d....18 () 0.33
40 .00 @ G 0.23
Ta s B &0 0448
o 4 a0 il it

Peak distortion l=vel below D.O7% (typ-
0350

Stability maintained for

resistive load {all values from dead shorn
10 open clrcuiil,

capacitulive load from 10 pF o 1000 gF,
knductive boad from 10 oH o 2040 mH,
any combinatlon of valses.

Output power |

The maximum owipuf can be selected
with the a:d of iable 1. As will be
appament, ibe absolule maximim B
100 watis {sine wave) into 4 ohms. For all
narmal Hstening in the itling room hawy «
ever, The 20 wall versaon s amphaticilly

Table 2. A numbar of pomibly compensation
neiworks, sinbkle for power tronaisticrs BMJIE)
FEENLIIE) 3055,

O3, Dg HEE-'REE GE.I'.I_J Cites- Famaris
clvt
Gifrant
=iy 602 2Fn ISmA  recomm.|
B 148 2200 1%n MEmA  culiable
BY 127 100 x a0 M |:|~'.'|-55|I.|-I|:|'i
Tahle 3.
. |
Test poiris [fig. Bl |
1 G0 af 20
LLRET 100 58 EXIT BEIE)
z L] 18 =8
X it i | 105
q [#%gy — OCT
] a0 ¥ | 115
B a8 i@ =8 1
7 1.26 1.6 1.86
] {+Wp — 0.85]
) 0.65 065 0,65
Al voltages T 10% |
1

| L A T
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Figura 9, Tha printsd crovit bowd for tha
amplfisr.

Figure 10, The sompossnt Mvaot far the
wr‘ when thes arrangamant of figuns Ta i

recommended, It has been =xtenszively
tested with eboct roatatic loudspenkers and
3 the driver for the ‘electironie” (leed-
hack) loudspeaker, sasily producing maore
Than enough sound Jevel.

where in thic issue, Az will be obrionss,
the inpof s=psitivity is equal 0o the output
visltage Vaff divided by the amplification,
For e 20 wall/8 £ version for imstance,
Yell is foursd to be 12,7 wolts. The inpm

The ﬂrinu: vaolioges, ourrends;  louod- sensitivity i Therefore approx. 135 o
‘ Pigum 11. Thi eampanent beyout uiing tha spoaker impedances etc. can be: found 20
ircuit in figars The from the output power nomogrom, else- BX3 m¥. ™
| e 1
ki, |
- flap B 11 i
—~ Pasrts list
FAssimors;
R Ay - 37k
Az = GEE
Ry = BRk
Fig = 470 11
| Fig = 10k
| Fiy = 33k
Az = 1k
Hg = 1BE
R = [0 I}
Riq = 100 k
 eerma Ri2.Rj3.Ry4.By5 =470 12
. R Rijgfiz 25, .. 1LBE
i— i = |mse gout and tatila 1)
LR - i Rig = 4710
BT i © . R = 3u3
o A ¢ i) o o
~ iR iR "" " A = B3,..10010
- Bl fiza - 5kB
Ry = TkE
) Raq = BkB
Rogfag = ga il
11 Py = 30 k lpg,
b 1 Pz = 47 Fin, [iwirm}
iy | 5
A8 twxf and tebls 2
- 5 £
1. [ l - [ - EEMIME
| | ¥ q =47, .688p
'$' 1 5 3 = g ; n ;m 1] 1+a -'!_;'- {40 .., TO¥]
Czx =27...26p4
(2.5, .. 70V
3 =afpiag,,, 70V
Cg =150p
Cg = d¥p
Cg = 10n
Cy = il
Calg= 12a*
Cip =470 . F2000
60 . . . Bl
Cyp =100n
Cyp =2320...360K
126, _1&w)
Cyg =18 piB0. .. BOVI
Sarniconductors:
T1.TaTg = B 17T
TaT3Tg = BE107
Tr = B 144
T = B0 139
To = WU{E] 305
Tin = MJE) 2955
04.02.0p 0= [MES
Diz Dy = B, 14E"
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Suipat o ramogram

This memogram has been prepared by the
edilors in response 1o regular requesis
frm readers, When the required owtput
power and the loudspeaker Impedance are
kndwn, the nomogram can be used o find
the asmciated volisge and curmeni. It cin
aciually be wsed s s0on as any two of the
variables are known—io fmd the remain-
ing sed.
F is tlee confinwous [sine wave) power
B i the impedonce of the londspesker
Vegr i% the effective { RME) output voltage
iz the peak value of the output voltage
SWing .
leff and | are the elfective and peak
values aof the current swing
The power supply must deliver ot least
1V 4+ 4 volis (messured o the lowest
edge of any tipple waveformb. For a steren
emiplifier, it must he rated for at least T4
“Music power” —depending on the power
supply and the oucpuisiage heat sink—can
b anyihing from § to 20 <. .0

Example (see dashed line):
For X0 watts im0 8 ohms we find
¥ =18 volts and I 4= |.6 amps. So the

power supply mwst be rated to deliver
2 8+ 4 =40 vols st 1.6 amps. ]

latd |

{amp¥idarrel
# 1]
E ]
L3
A
I o1 W
Qe
L a8
L -
. ' ]
a7y e
5]
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divide
by 1to 10

candie

The starting point for design of
this electronic candle was a desira
to reduce the fire risk associated

with the Christmas season, at tha same time pro-
viding & candle which would not burn up so quick-
ly. Maturally, the alectronic candle can be lit with a
match (but & pocket torch will do the job too!): it
can be blown out or "nipped out” with the fingars.

Using the CIHOITAE (COSMOS inte-
grated circnit RCA) it is possible to make
a universal frequency-divider that will
dlvide by amy mumber from one fo ten.

If 2 squease wave is peesented o the “clock”
imput while the ‘feset” input is connecied
to circuit ‘ground’, 2 squars wave owotput
at one tenth of the zlock Mregquency will
appear at pin 12 {the ‘carry oui'). Each
poctive-going edge of the clock sipnal will
cause the olipuis 0 1o 90 fum to asswme
the value “1* for a sinele clock period,
Suppase for #xomple thor the first positive-
gaing edge of the clock signal has caused
ouiput O {pin 3) 1o become *1" — all ihe
other outputs are then 0 the pext
pasitive-going cdge will causy oulpui |
(pin 2] to become ‘1' and output O to
refurm o 0. Since the sutpuis 0 to 9 set
as a kind of shift register the circuit can
easily be made o divide by any whole
number from 2 to 9. All that & mecessany
Is o inperconnest the oulpul having the
desired number with the reset inpuot
(pim 13 If the me=er iz abtained From
ouiput 7 {pin &) for example, the 1C will
always count up to 7. Any of ihe earlier
intermadiate out picts (in this examplz 1 1o
GOF canp be used as the oulpul of (in this
case) thae drvide-by-seven. Mate that the
valoe af load resistance applisd 10 aay
cutput miwst nal be less than 47 kI

If any output iz reqoired to drive TTL,
the simphe buffer stage shown connectad
o gnipul 4 can e used. H

ol -4

: :
e e
s L ¥ - » .
T 3
T T n
— | |
L

The circudt is very simpe, In the condition
“candle out” no current fAows in T, wnad
T‘ i% szluroted. A certain pre-heai current
15 passed through the MTC-resistor (Ry)
via Py, This tfimmer has 1o be adjusted 20
that the candle is just not “self-ipaiiing”.
Streng ilumination of the LDVE (R ) will
cause Ty o compduci, The circuin is ar-
ranged so that even bright room bighting
will nat case things fo happen —a bimming
match held close o the LDE will however
do the trick nicely. .

When T, stans to condwct, the curremnt
through T; is reduced unrtil ultimately
this transistor cuts off, T, will meantime
start to conduct, lighting the candle flame.
Az Ty opproaches saturation an exira
heating current flows wvia Dy into the
WTC, causing this to drop in resistance
value, Il the matceh i held long rnnugh in
pasition — it dbould almost bum dowa (o
e Timgers — the circwil will old in the
‘candle bLit' condition.

The candie can be blown out if one blows
tong and hard enoueh on the NTC, The
wliraslow friggenng sction of starding up
is= now reversed and the lamp-curment falls
away to gero — the flame goes out. [t s
al=n possible 1o ‘nip out’ the camdle by
cooling the NTC berwesn two fingers. The
prototype candle used @ minfamare NTC
having 1 resisiance st room femperaiure
of about 130 ohm.

Figwre 1, Circuit dingram Tor ihe “slecironic
candla’. Py Is adjusind to that the lamp just dom
not light up spontansousty. The candle is “lit
by holding » maich |or a forchl diosa to dhe
LOM, and “put cut' by blowing om the NTC

Figur Z. A karch of one possibla construction
method. The candle k& made from a plece of
VG slectric-wiring conduit.

If desired, one can replace the zeaer
dinda Dy by 5 series-connected DS uni-
veraal dindes, L]
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The 'brain’ in the digitel clock described in
this article is the clock-IC MMS3 14, which

needs only a few external components, The
time of day is indicated by
sever-segment Ga-As displays,

which are now offered at
guite agreeable prices.

Another attractive featurs is that if no seconds reading is included In the
design, a considerable saving can be made, whilst seconds indication can

always be added at a later stage.

Tha clock-1C

The zlock integrared circuil type MEM53114
is designed fo indicate the time in hours,
minufes and sEcomds with (he aid af
saven-sepment displays. In conlrs=l (o the
MMSIEI i Has no BCD owlpul, Conse-
guently, it is smaber (DIL 24 pins}, has
a simpler consiruction, and, what s
perthaps éven maore imporiani, is a loi
cheaper, However, as appears from ithe
circult diapram of the MM5 314 (figure 1],
all the compopents needsd for bublding
8 clock are available.

The I receives ils clock pulse from the
makns and can be used for 50 Hz or 60 Hz
drive. The supply voltige may vary Erom
BY% to 17 Y and need not be stabilized.
If mot conpecied, @l drlve inpuacs are ol
1" levwel becanse resiciors sre iIncorporstes)
which connec! them o the plos pole of
the supply voliags,

As regands the clock design, the IC oifers
e choice of various possbilities thal
depend only on o certoin logic state of
the drive Input concemed

It is possible, for instance, to choose be-
twéen a 24-hour and o 12-hoor eyele.
With the [2<hour cycle the leading zero
idication ks automatically suppressed,
which saves a lol of power, If in addition
na seconds reading is requiined | two soven-
segment displays and two fransistors can
be omirted, which gives a comsiderable
saving. By means of ihe inpuf “strobe’,
ad-ul can be suppressed, and there
o, of Sohime. conirol inputs for re-
tarding or advancing the dock. The ciock
can also be siopped for commect time sei-
ting. The tabie gives sil posiible s=ilings
of the control Iepufs, Fighre 23 shows a
tap wiew of the pins of the MM5I14
integranad drouil,

Opearation

In the overall circuit of the I fwe main

seCinos can be distinguished:

2, the counter with corresponding
cireuiis

b. the cirewits for decoding and driving
the displays (surrounded by the doshed
lme ini fgane 1),

Pulzes to drve The coonler are obismead
fram hall cycles of ihe mains suppdy. Tha
pulsa shaper at the input of the counter
changes The Hne-Waves N0 sQUare waves
by meeans of 8 Schmiel ivigger. This ingger
has o hysteresis of about 5 V. Dipending
on the logic state al pin |1 af the IC, the
pulse agnal 15 divided by 50 or 60, 5o
that a signal of | Hz becomes available
for the next dwider. In the nexd three
siages of the coumer [l pulse signal s
divided inlo minutes and 12 or 24 hours,
depending an  the cycle choten, anmd
determined by the logic siale ol pin [k,
Via the gales of the individual stapes of
il counier The clock can be sel correctly.
Il pin 14 of the IC is at 0, the dodk
will un al the rale of [ minuts per
second, 1T pin 15 B ar “0°, the howrs will
run gt the rate of | hour per second.
When pin 13 s at *0", the clock is stopped.
I a [Z-hour cycle is chosen, the leading
firo is suppresscd by 2@ spocial circual
in the .

Counter read-out and display drive arme
arlseved with a mulliplex lechmigue, The
mubliiplexer senses [he varkous COUNTED
posiiions successively in the thy lhm of a
multiplex froquency, and passes the valus
found 10 o decoder, and from there 60 an
outpui memory (ROM-Bead Only Mem-
ofy). The multiplex frequency can be
varied by means of a simple RC neiwork
cannected o pin 23,

The multiplex oscillatar is followed by o
divider that, depending on the logic
slale of pin 24, produces four- or six=digil
drive pulses (wilh or withouw! seconds,
mspeciively). Using the muliiplex rech-
nique implies that the displays sre not
driven in paralle]l, but in series. Pamllzl
drive means that all counter positions can
be read omt simulmneowsly, To that end
the counler resding of each decade s, af
4 eerlgin moment, fed 1o @ memony
corresponding  to each decade. The
information thus stored drives the dis
plays  of the counler meadings wia a
diecader. This happens shimultaseonsly for
all decades; hende The (erm pEraliel dove.
BMultiplex technigue, however, méans that
all counter readings are seanmed guickly
in sucoessive order and are fed in the

same order 1o an autput memory (RO,
which for this IC &5 programmed for seves-
segment displays. At the same time fhat
The counlers 3re read, each comesponding
display reccives (he sopply voliaee via the
drive logic of the black madeed “Dhigit
Enable'. This means that, with this cloc,
the counters can be read | out of 4 i 2
four-digit display is used, or | out of &
for a six-digit display; the logle stace of
pin 24 delermines the display mode.
If, feer instance, the one-second countsr
i read, rthe ose-second disply receives
supply wolrage vig ‘Digit Enable’, and the
reading of this decade bscomes visible,
Conesponding segments of sach display
are interconnected, but only the particular
segmenis of 3 display that receive 2
valiage will light up. In spite of the fze
that series drive s used, visual read-oud
remains constant, provided the multples
frequency is higher than abowt 100 Hz
In the MM5314 the mulriplex freguesey
can be chosen up to 60 kHE, If the read-
out is suppress=d vis pin | {strobe’) of
the IC, ihe clock will continue o run
nomnally. Thanks (o this feature i is
guite easy to build sn emergency sopply.

Tha circuit

Thz E‘EI.I'!'IF]EE-E ciréwit fn rEune 3 shows
that apart from the MM3314 only few
sompapednts are nesded o build a com-
pleie clock. Perhaps somewhat unusoally,
the circuit description staris with Lhe
supply, becmase it is from there that e
connter pulses are denved, Sdnce the
supply  walteze for the IC need not be
stahilized, the sooree haz been kepl =
simple as possible. The d.c. supply valiage
may be gnything between § ¥ and 17 V.
The half eveles of the 30 Hz mains are fed
1o the pulss inpot viz o decoupling neg-
wark Ras /T3, This input is protected
wmains! overloading by means of dinds
Dy

The BRC network (Bas(Cy ), connected o
pin 23 of the IC, detarmines [he muolil-
pex  freguency which, for s piven
values, s about 10 kHz. Becaunss tho
infegrated citemit cannof provide  suffl-
cient ourrent o drive The SEVEN-SEREmMEnt
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Fiqura 1. Bleck digram of the MM5314 inte- | Tablo PRt
arsted clrout. Fram thia it i clar that the ol b
url1|lrl_- clock, except the supply and drive Tos function Wate ¢ pin connected helween pi 1ie % and the
the displays, is inoosporstad in this 1C. PR e 2
wtop o 13 -lﬂspl_ay spzmenis. The collecior redisjors
Figare 2, Tha pins af tha IC ssén Tram tha tap, show adjustman o 14 [-iTl:l'l-'.lliE_ curteni limiting lor the scpmonts,
i P s o i o their wlues determine the lunminous
i Figure #h. Pin details of the Opeos rad GaP mainis frematncy 50 Hr F 11 imtensity of the displavs. The minimum
saven-segment display type SLA 1. With mom mains frequency GO Hi o 11 permEiable  valve fop (hese mesisiors s
oifelr Typas o0f gaven-ssgment displays separsie 12-hour cycle W td J30LE (+Vh = |7 V) in practice 470 5
anodes ara éleo connectsd ta ping 3 and §; H-heour oyelk i 1 gove satksfaciory resalts for all supply
hence, an axite connection i nesded babwesn wath seconch o L voltages, A lowes vahwe produced no
+  thesa pins and pin 14, ;‘I;;:‘;’-'L““"'“’ AT '*"‘: noticesble increase in huminous intensity,
L s that in fact onky the Life of the display
is then unpec=ssarily shorensd.
Buffer trapsistors, scling as switches, ane
also  connected  between  the CDigl-
"I An unconnectad input §E A0 BEIA 1T - Enable’ owipois amd the anodes of
coukp within the 1C thise inpuis s coansoied fxe digpkiys. These switches conncot the
fothe plus of 1Ha supply vodtos: vie msistor. second-, ikl and hour displays to the

1 .
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supply woltage sf the correck momeni
The switching transistors gsed here are
TUPs:

The circuid is mounted on two pristed
circuwit boords: ome foc the displays, amd . L
one for the actual clock cireunit with mains
supply,

Printad circuit boards

Figure 4 shows the prinisd circuit board,
and figure 5 the compoaeit layoul (oo
the mains-fed clock circuil. The boards
are djiiile small, o that the whaole unit can
be housed in 2 semall atitactive cabinst. 5o
much space has been reserved on the board
for the supply transtormer and electrolyis:
capacitor Cs that, I necessary, fairly Erge
types can he ueed. All terminal: and con-
trofe { &0fa0 Hz selection, strobe, eie ) are
plagsd in 8 row on one side of the board,
directly opposite the terminals they arg
conpecied tooon the display boerd, which
is shown 0 figure 6. This display board
halds the disploys and small push butions
Tor “stop”, ‘slow” and “fagt”.

Digplays
The display board (figore &) is motinted

3

Pares Tigy

EEEELT Capaeitar: Wariaus Strmatanduciors:

Ry ... Ry = 0K Cq = BnB Tr=mng irado, 8. ., 12V/2E0mA Iz = MMERTS

g ...A1g=100k Hznm#f.‘!ﬁv Sy . . - 59 = minlature push-button, Ty Ty = TN

fiyg. .+ Rgy =470 52 Gz= 10n EPET Tg:-+ Tyg= T

Rag By = 100K Ca= 22n IZ-socket (74 pin DELY D = DUs

T Cg= 47n B = bwithge réctifigr
BRGS0, BY 184 ete.

Diwploye = Opcos SLA 1, Monesnin

w18 KAN 1, MAN 7 and

B=8300H00 MAN 10 Tozas T E3D2,

T Hiwlern Fackard 5082 and

T3}, Litronix Dade Li

g

-

¥ [
Slys0Hs iC= R B3

L=
S
&
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Figure 3. Tha totsl circuit complete with mains
supply. 1 jewomeel of TLING, quadity trangistars
ore uied har Ty—.. Ty [ig- BC107], the maision
Ag-...Ayg cen ba omicme

Figura 4. The printed circoit boad of the clock
tirguit with mans oepply. The pins ane pasitian:
s o that only very short sonneoions are mad
ool beiween clock and dfaplay cireuin Bodrde.

Fiduré 6. Component lay-out far the elock eir
wuit. There s sfficieat space Tor almost any
typa of trancformsr. Evon & A0V alestralistic
cepactorcould be accammoditiad on the ¢ neuit
bgard,

%

behind the front plate of the cabinet. Li-
send of the seven-segment LED displays
wged here {the Opooa SLALY, types M AN,
MAMT and MANID of Morsanio, TG3I02
of Texas, S0E2X and 7730 of Hewicit
Packard or Thata Lit of Litronix can he
uizd. 3ome of these even have two LEDs
por seginent, which gives 2 grealér intensily
at & shghtly ower current consumplion.
Unfortanately, there are many displays
where nat all anodez are connected o pin
14, bwi have separate amodes connacied 1o
pins 3 and 9, The pins 3 and 9 {2t the bot-
iom of the disploys concerme=d ) must then
be bent compleiely inward and connected
to pin 14.

With or without seconds

If the ‘seconds” Indication s nol esed the
expenss of two displays, two sockeds and
two transistors cap be saved. In this case
there s nocoamsction between pin 24 and
earth. Sdnce the boand s designed for six
displavs, two mrd can always bo added at
g later time withoul much frouhle

Cannection batwesen the boarde
Im total Vincleding the s2conds) there ane

13 contral cannections tetween the cock
and the display cincuit boards. The six pins
af Digit Enable (hy, he. mp, ma, 5, 50 ame
conmesicd 10 the correspanding lerminals
on the display board. Furthermore, the
terminals 4 (o g af ithe clock circuit are
conngcted to the same terminals on the
display board. Thres other connections run
for the three small push-bitions for setting
ihe clock. One side of each bellos s con-
neciad o the su.ppl'g, COmmion,

By means of time signals on the radio, TV,
or telephone service, the clock can be spar-
ed properly snd guite accuragely. With the
muitons "fast™ apd "slow®™ the clock is
presel belore the time sipnl comses, &
the button “stop' is relessed the moment
the stanalscunds. The front of the exbinat
mist have openings for the four or six dis-
ploys which can be mounted behind per-
spex, for Insance.

Further developments
In Elektor kboratores the following ad-
ditionsl unies heve been developed for the
clock:
ervelalcontrolled [ime base with only
ane 1T carrent congumption completa
with oscillator: atour 90 uA.

S
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emepency supply in cam: the mains 1
supply faile

Tleese extensions will be discussed in a

fallowing isswe. The points marked SH,

BY and X in figure 3 and in the camponent

lay-out am for use with these wuniis

| —

Figure & The display cirsult board. The small
buttoms for setibng the clock s G tha front

-

Fgure T. & complets digizal olook! The photo
graph shows tha simpliclty of dasign and the
limited numiser of componants maeded. |
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The distortion in factory-
produced or home-made ampli-
fiers is frequently unknown;

designers sometimes give specifications,
but these are not always reliable, Since
distortion meters are usually expensive,

Elektor Laboratories have developed a simple, inexpensive, but effective

instrument.

Low frequancy pre- and pawer-amplificrs
always produce some dstorilon. The
various kinds are distinguished as follows:
Linsar distortion - the depariure from a
flat amplitude-Tequency respanse curve,
An omplifier which is flai within 1 dB
from J0-20000 H2 has dess linear distor-
ton than apother which onby does this
within the bond from 100-8008 Hz.
Intermodulation distartion - when two
ar more  irequencies  are fed  simul-
tanéously inte the amplifier and it pro-
duces sum and différence’ components.
Harmonic distortion, This is real 'visible®
distortion; if the Inpitt was a sinewave the
output sgnal B definifely ‘something
clse’, - The curpur signal cam then be
shidw'n bo canglst of the original slnewass
{poszible amplifisd ), plis sveral overtanay
or harmanics, The ratio of the ynwantod
compoienis o the toisl oulpol signal
gives [he disiortion percentage, This
measurgment can be made with the
disiortion meter déscribed below.

Dasign considerations
A distortion percentage of 0,019 means
that the fundamental in the sulput signel
B virtwally: ten thousand  times grealer
Ehan the distortion. Thersfore, if the dis
tartion i Lo be measured the fundamen-
tal will have to be attonuated more fham
T times. This (= 80 dB? At the sime
time, the first overione (second hae
moenic) must remain unaifected. This
requires an exceedingly sharp filier
For mormél low frequency waork it miust
be posslble to measure distortion iy g
 Lrequency . range 100 Hz to 10 kHz The
Hiler will therefore have to b= tunakle
Uiraugh this band,
Transistorised power amplifiers frequent-
ly produce spikes in the waveform at the
' zero-croasings a5 well as the normal dis-
lortion components. Thess spikes cap be
45 short 25 10 ps or even less, imply ing
the presence of frequencies in excess of
100 kHz.
Alter The fundamentsl hos been suppres-
gdd the distortion produsl Lhen appears
in figure 1, The spikes in this trace have
an amplitude [% of the total ouipui! To

emable these spikes o bo measured the
distartion meter will have to pass the high
frequencles  involved unattennated. A
passband to 300 kHe is therefore by oo
meas an unnecesary miinement.

For 4 distortion measuremenl according
te DIN standards, the RMS value of the
unwintsd producis - corresponding to
their average power-cont rilugion - is wha
mus{ be determined, This requirés an in-
tegraling meter, Howewver, slncs |he
hitman sar respomds jo the amplifude
rather than tu the power of o sinal, o
peak-level defector 8 whal iz really
needed. This will often show 2 compleisly
different {much *waorse") resulll

An example of this is given in fgure 2.
Figure Za isa trace of (he dslorion pro-
dust from & reasonably good power
amplifier. The BEM% and. the peak
medsurements give the same reslit -
. 185 distoriion,

Fimre 2b shows the distortion product
froan o similar  amplifier. Abong  with
‘ord|nary” distortion however, this ope
afea  prodibces  sharp jpikes. The twao
measurement procedusss pow lead to
tofally differeer resclts: the RMS meter
Indicates o distofion increas: fo 0215
0035 more than befor), The peak
miter on the other hand now indicates
0.95% distortion - an fncrease of ohout
0.75%! The laiter vatus is 3 more securate
indication of the subjeclive increase of
the distomion, Clearly, & univérsal instm-
ment will have fo be bl to cary o
hath procedures.

Fimally, th: measuremest must be
unalfected by haem and noise (which can
be identified on the ‘scope” bul may
vawse 8 misleading reading on (he poinier
mstrument). The design will thorefore
inclade hom snd noise flters which can
be switched out of cirqsi.

The filter

The design chosen for the rejection-
filier is 2o unussal ope. When two signals
having the same frequency, amplitude
and phase are presented (o the npuis of
o good differentiol amplifier, (he outpil
sEnil s wers, The signals are blocked.

| The block disgeam of a rejection filter
can therslore be as shown in figere 3.
The input sfgnal is frst passed fooa phose
spllitter {paraphase amplifier, with equsl-
and-opposite  outpuls). Omne of  these
oulpat signaks, the ane which is 180° oui
of phase with the input @gnal, is applied
directly to one mput of the differeniial
appplifier. The ather oatput of the phasz=
splitter [= m phase with the inpur dpnal: i
is passed to 3 phase shifter: This section
imposes a phase rofation which, depen-
ding on the frequency, les somewhene
between 0° and 360°, For one single
frequency (Fa) this shift will be precisshy
1807, The output of the phase shifter is
now applied o the other inpot of the
differential amplifies, For an incoming
signal of frequency procisely g which
will therefore be rolaled exacily |20%,
the output of the differentisl smplifier
will disappear - the senal will be rejected.
For every other frequency the output
signal will be unequal to 2em,
The finel siep f5 to provide the reguized
sharpness of the charscténsie by meung
of overall megative feedback.
The great advantsge of this srrangement
5 that it does pot reqoife rimming,
while ai the jame time it can be [uned
over e entire working rangs using ons
stereo-polenliometer. The secufady of
tracking of the two habes of this poten-
tiomeder i completely unimpsriant,

Circuit of the filter

The filter cizcuit is given in figure 4. The
Urunsistors Ty and T; form the phase
iplitier, The in-phase output signal is
dewcloped across Be. w0 that the circuil
lkas heavy internal megative voltage feed-
back Eke that of an emitier follower (hai
much heevier in this cose). The asti-phase
autpul signal appears over B, This elecuir
5 far betfer-behaves than any single-
iransislor mmangement amd 18 used st all
mmpniiinl points in this design

The phasz shifler is built up sround Ty 10
Te. It B ectually 7 cascade of two sknple
phuse shifters, each of which Imposes a
rofetion  between 0% gnd 1807, The
freguency  for which the (o] rotation
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Figwre 1. Divtertion produst amoimts (o exacily 1807, f2 Ta. This
from & trinsistoried power ampli frequancy i adjugted by means of Puy
Gigr, yiawnd attor the fundamantal | G4 By A fine adjustment is provided

hik biin suppreised. o " X
Thh Rl e o e by Py, The m.p-:u:umrfg[ Cy and £y shoulkd
i this ease 1 kHz, the calibration have 0w thermal costliclents.

05% par Evlslan. The amplitude The switchis 5,5 ond 5,y cnable the irf-
of the spies is therelons 1% of cuit to be calibraled, in combination with

that af ithe fundamantal, Pi. When these switches are open the 1
phase <hift is 0° for all frequencies; the
Figure 2. Contribution of tho filler action is defeaied and tBe Input sen-
spikes ea the distertion-prieantge sitivity can thedg fore be sot correcthy,
accarding o the DIN @andard, Ta to Tz formfihe dilfarential amplifiar,
Both memuremints were done | The impedances in the circuit have been
Rhwrethy - - kept low so thar B will also behdve well at
The Mingut & conrscted 18 tha. | b frequancies. The inverted {(180%)
naftpait of the sinewive gansrmar el 1 he I Eia 1
Eraquency 1 kHz}: the Y-ingut is gual fram the puas: Euitier Tachty e
cannscted to the oetpet of the plus-input via Rs .1.r|.d. Fy; . The outpul of
digtartian mussring circuit, Tha the phase shifter is token from Fi and
vertical semaitivity &l the aeil applied fo the mimus-mput. These two
fescaps s il to corraipond with sipnals must have precisely equal ampli
0.57% distartion per division, tudes at fa in order to caneel. This an be
coarssly and finely edjusted using Py and
Figurs 2 chows a trass without Pa.
ipiket; the didoriion BeEording 18 | The pogentiometer Py is 8 presst control
the DM sianclend b 0.185%. for adjusting the DM balanes of the &l
Figurs b shaws i traee that dops | ferential amplifier, since this depends on
include spikes; the D0 N-measure- the propemies of the indiveual tramsis-
ment yislds & disartion pereani- tors, Sei the DC levels at poinis A and B
age af BZ215 t he equal (sbhount 4 wolish, This is the
only trimming point in the whole filter,

Figura 3. Block disgram of the Owerall negative feedbeck is applied via
fundamental  supprossing  Tilser Ras, Ray and Ra.

wesd in ihe distoriion medor,

ek

Figure 4. The cireuit disgram of | Hum and noise filters

:"" :'":{FL“" bt _'"."“": "'"Il'; The circuit of thess filiers is shown in
. " mityity ol figure 5. They are active [illers, contsin-
vignal must resd 100%). Pg and Py ing BC networks in their input, output

pravida mwﬂﬁu::“fmm:: and fesdback paths The turnover i fairly

frequasey. Py and Py provide sharp apd the rollad slope & more than
goarge @nd fine adjustmaenis of 12 dBfoctave. - )

the ampltode balance maximum | The hum filter is buill oroond Tys amd
rejection). The capaohors Gg end can he switched nto circuil with 3;.
C3 must hawe a high thermal The cut off =tarizs near 150 Hz, tha
stahiliny. meipoase being mare than 20 4B down
Fi 8. Cireuit of the hum &l SESnh,

R S Y calfas The noise filier (Tig) is switched in by
"“'“I'H'."“" and of the xIW=100 | <. o7 5, and cuts off at 20 or 200 kHz
T pespeciively. Bear In mind that this filtes
will algo supprem any epikes more ar less
compietely. Figure 5 also inmcludei a
woltage amplifier (1T L This will boost
The outpul signal by 10 or 10, 5 that a
mivlti-meter can directly indicaie disior-
gign at 10% or even 1% fwd. A disedvan-
tope hers is that the responss of the IC
= gt 3 gain of 100 = already stams (o rall
off of about 20 kHz, so that the outpan
contribution from the wiveform spikes
1% o,

How to use the meter

3 Measaremenis are taken with the eguoip-
ment arranged as shown in figgre 4. The
sinewave generator must hove Yery low

diftsrsniint distortion, We hops 1o publish s good
amalilisr cheap dezign chiorthy
5 pheze- - = phane The mezsatremen! procedure & as follows: J.
i H Y It Sot S5y to ‘calibrate’. Switch all filvers
i and the x 10/ 100 amplifisr oot of Greuit,
i

Adjust Ty oandil the meter reading iz 1Y,
this iz equivalent to a disiortion of 10D%.
Set 5 1o ‘measure’. Adjusi Py oamd Pa
negatee feedbeck PR3 aliernately Lo obtain 8 minimum reading.
g can be set to "x10° or *x100° as may
be required for a useful deflection. When
the adjustment of Py and P;becomes too
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l Figure §. Block disgram of the set-up for

E gistortjon maasurement. The distortSn-maas-
ring eircuil Iz describad n this article. It iz
e muandad to publish designs for bothk "ha sina-

Hzoniam - A
LF siaaave || splifier | ] mezsure- wave ganarator and the AC {milli] vakmotar in

mATminr undlir L8 - [ b near future,
= ;_';_" ! Fl':'.ﬂlll.'i':ll‘

Fagura 7. Printed circuit boesd and componamnt

izyout {or the distortion masuring eirouit.

il
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critical, continue fine adjustinenis with
Fay =md Fsg. As soon as (b minimem oul-
ek hias been found e distomion can be
read directly, Just how thiz i done will
depend onthe indicating REtmiment used.
If this imstrament is & typical malik-meter,
the mormal karmonic distortion can be
rad wilh meazsonable accoracy. The "x 100"
position of S5 then corresponds {0 an (5
of 1% distortion, The contributios of
waveiorm =pikes will be lost, while there
iz mp guaramiee of the accurscy of the
meter 2t higher frequencies.

A more gocumate esull can be obizined i1
o gooed AL millivolimeter is available, Set
Sy I thit case to ‘tl”, cliherwise the
inteprated ampliier with its early rollofd
will be i elrcult,

Botk of these meihods have the abjectlon
that the indicatmg instrumeni infegrates,
so that s reading coresponds to-the
BME value of the distortion

The amplituds of the distortion pfoductd
can bé measnred asing an. n-::i'llm%

Conmect this as shownsin fighpe 6, The
original sipnal from the gerir
tor is applied o the X-IApui - and the

owtpal  frem the distorlion  measuring
cirentt (ar ‘w1' gam!) is applied Lo the
Y-input. The trzce will sow be of tha
kind shown in figure 2.
Set the 100% level during eslibratios, to
indicate 3 volis peak-to-peak. 3 mY in the
rkee now comesponds. to 001F distortion-
amplityidea.
It may be possible (o improve the readps
bility of the frace by vsing the huwm or
folse reduction fillers Remember. how-
ever, that the opoise filters will also
suppress any spikes
Finally, a very good indiciting instrimeni
g5 oan AC millivolteeter that can be
switched to operate o5 &n BMS o1 as @
peak delector. Beware of instruments
thal use o peak detector bui have o scale
catibration  reading 0.M7x  the peak
walue - they only read the RMS levelof a
pire zinewave, The mefers required her
uie some Kind of square-law defector
BMS valae of the distortion.
l=vel), With such an instrument distomion
can be read either sccording to the DIN
slandard ar 2 a ‘genuine’  distortior-
EFCEmEa
B i "

op

The phEnﬂmennn of ‘guadro-
phony’* has already been the

t nf many publications, but the confusion enly seems to increase with
new attempt to clarify the issue. This article may bring a little light

the darkness, h',-'adesr.rlbmu and comparing the most important systems
 that have been pmpns&d =0 far.

In order to amplify the comparizon of
e wariows syvslems, we shall prooesd
from 2 block disgram of the total sound
signal path (figure 1)

Im this diagram, A represents the recond-
ng location (snudlo, concert hall, etc.¥in
whiclh & mumber of microphoness are
placed. The tvpe and number-of micro-
phones wsed and their position are, of
course, sigmificant for the maximum
queality of transmission thar is attainable,
Many fundamental invesiigations dealing
wlth these aspecis ire golng on at the
present tme, bar they will poil be deals
wiih tn this articla.

Block B mpresents the ftotzl chaln of
glecironic devices ihat  peiform  the
coding, tramsmisaon  (vid  gramepliosg
regard, Tape or radio) asd decoding. One
of the posalble guadrophonlc systems is
introduced into this chain.

Block C forms the end of the chain as the
fiving room in which the lowidspeakers are
usually placed i the four comers, The
wanious systems in biock B can now be
compared To each other by relatlng the
sound impression reproduced in space C
o the orgmal sound impression that
ws derived {by the recording rechnican|
from the sound =vent

First of all, the basic methods of opeck
tion of the varjous systems will be briadly
dreeussed.

Types of system

In geneml, we <zn dmew o distineiion
between three differsni types of sysfem:

*  Fowr channs] sierso, @0 scoursie but soms-

wehiat clumsy phease, s varmpdy ieferred 1o as
fguadraphony, gquadrephony, quadrosonees,
Guadrgtdmicy, quadriganeds, tetraphony,  Sur-
roursl pand, & gl In 1his ek qusdeaphony”
is ksl lor Pk anld® rEsam that if can ba
abirguighed 10 geaden’, which gose with ‘mons’
and “fraeee’,

Afer sll, ‘thet which we call gusdrg by any
fsthar aumrs weoeld soomd the same’

quasi-quadrophony (o pseudo-gqnadro.
phony. similar 1o pseado-steretphony b,
Mlzceete’ quadrophony with four In-
gependent  [rAnsmis00 channels and,
finally, quadrophony according (o mateix

syslems.

Cuiasi=qundrophany ic baz=d an the ex.
perignce  fhat o ‘spatiol  impression
enham<es 1he reproduction = regardbess of

whether of mol the meprodused sound
aciually corresponds o ihe oriping &5 far
as the positioning of the varioas insiru-
ments oar groops s concerned. Such
systems cin, for example, Teproduce
reverberation (o the differsnce signal
fmom Two sieted channels, which psoally
contains a ot of reverberation] wia the
two rear loudspeakers. This B sometimes
referred 1o as a '2-1<4" system, in other
words 1 sysiem fhot wses 2 original
sound channels, 2 fransmission chaprnels
and 4 meproduction chanmeis, It goes
under wvarions banners, sech as *Srereo-
4%, Cnsadrosound’ etc. However, it s
not guadropheny in the fmue m=pse and
will therzfore not be discussed any further
in this article.
A discrete quadrophomic system odnlding
four different channels  that m=main
sepamled  within section B of figure |
froan the microphone 1o the lowd-
speaker (2 ‘d4-4-4' system). Ap example of
this 5 the CD-4 pramophone record=C3
stamids for Compatible Discrelemess. An
experimeantal radio transmission that ueed
two iferen FAl transmifters for ore pro=
gram couald also be inclwded in this group.
Fimalty, matrix sysfems are based om the
miximg. of 1heé original Informachon
channels, Whal were prévicusly four
channels of the total quadrophonic re-
cording are now combined inlo fwe oew,
5|:|=i;i,.a_'||:-'--;|:rﬂe~d channels Th:‘l}' can then
be comducied over normal SIEres sYsiems,
divided againi into four channels s the
destinagion and reproduced by the four
lomndspeskers i the listening room, These
syslems are classed as “4=2-4",
Since only two egualjons  CEROT be
solved if they conlain fowr unknows, the
four resulting chanpels will in the lest
andlyeiz never be idenfical with the
they must always coninin

ornginal four;
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crodstal¥ componenis, Acconding 1o (he
cholee of the miving relxlonship, how-
ewel, the spatial sousd impresion during
mproduciion ¢an corrospond maore or less
satisfactonly o the original.

CD-4

This - system, zdvocated by MNivico and
RICA iz @ discrete syitem.

O a gramophone record, the k=it ‘stereo’
channel now copfeins the sum signal
of “lefl front plus left rear’, and, in
addition, s freguency modulaced 30 kHz
carrier with the difference signal kit
front minus left rear’. The right ‘steren’
channel carries the two sipnals ‘“right
front plug right rear” and ‘right from
minbs righi rear” in ibe same way. For
reproduction, (he four ofiginal channels
con {in prisciple) b regained by simple
addifion and suberaction of the mspeciive
ginm 2nd difference channels,

The modubation of the left chunnzl is
shown schematically in figare T The sim
sigmad with a bandweidil of 15 KHz is oo
im the nmal way, The difference signal is
Areguency moduleted on a 30 kHz cirmer.
Thi=. modulstion  is  asymmetrical
{(—10kHz, +1% kHz), which =asily gives
e e amplitude modulation amdd diskors
B,

The practical regulrs with this system are
disciised in the comparative s=ction.

50 and Q8

&) hy L_:.EE and Sonykas well oz OQF (by
Sunsui) aré malrix systems — the abbre-
vidtitns stand for "Stereophonic Quadro-
phonie®  and  “Quadrophonics  Steneo’,
mespoclively. . Here  the four original
channels are mixed inlo fwo for brans-
miission and are divided apals Into four
before repmduction. - -

In the caze of 50 the miving relationship
{in amplitude and phase) is st up lor
aptimeal channel separation between befi
and right frome, respectivaly, and batween
left rear and right rear. The front channels

are cut in the same way as normal steres
charmnels, CBS chose this system because
it was expecied (o prsiuce optimal
effects in the case of possible craditjonal
Eleren reprhd.u:rinn. From the comps-
relive sectiom, it canm be seem 1o what
degree this was achieved. The unavoid-
ahle crosstalk takes place borwean ‘Tromt”

and ‘rear”, apdibly along both disponals. |
In the case of O5, on the other hapd, a :

mixing relationzhip thst chouwld make
accepioble goadrophonic  reproduction
possibis was chosen. A poini-like sound
spurce in the recording area is reproduced
wiih an amplitwde characierisiic thalt s
verv close 1o cardiodd. The sketeh in
figure 3 shows this characterisiie for
BMX, which will be discussed in thenext
section. For both 05 and BMX this
characterisiic is always oriented towards
the position of the original sound source.
The Japanese “regular matrix® standord
{RAl) iz boeed on the S oystem

UMX

UMX is 3 "woiversal matrix sysiem’ derived
by Profeszor Cooper (USA) in colizho-
ralion wilh Dir. T, Shiga (Japan].

The practical development followed in
cotperaliom with Mippon Columbia {frade
mame: Denonl. This firm is o member of
ik Hitachi group.

The point of depsriure was a thormough
scbemiific investigatlon of the characier-
igties of matrdx svstems. From this the
opiimal two-channel marry was derived:
BMX. By the addition of a furher,
channel, the threschannel TMX was
produced, while QMX works with an
galra Tourth chanoel. OF relevance hers
is Lhe [2ct that the position of the phan.
iom sound souree during reproduction is
nol drered during iransference from two,
wia three 1o four chanmel tronsmission,
The logalizalion does become mare pres
cize: with BMX, o sobo insmument scunds
someew kot “mushy’ (spread over s digtance
of ahowt 0.5 mesers), bur with the higher
order systems TMX and QMX the sound

seems to come from & precisely deteonin-
able poing.

The charuciensiics of  amplitlude and
phase, a3 they arisc durng the ropro-
duction of a single point source, are
shown in fipare 3. The amplitude
characteristic of BMX 5 the same as for
0%, and is always orented fowinds The
ariginal position of e souad source. AR
eszenlial difference From Q5 lies, howndvar,
in the facr thatl with BMX 1he phase
characierstic also “rorates™: O° cores-
ponds fo the direction of the sound
soumce, while, for example, the sound
coming al rightangles 1o (e sonmd source
is phased ot % 45%, This additiomnal
information gives o significantly hetier
kxcakization. With the QS-=system, 0° phase
o afion always comezponds (o the saund
from the phaniom centre front, so That
mund sources in the front are drawn
towards this point.

In the ¢ase of gramophons Tecords in
UMYX {called UD-4} rhe two basic
channels of BMY are mcorded in the
ZHIMIE wa'_c'\ﬁ; steren. One basic channe]
contatns th ono signal (sum o signalk,
while the other contains the differcnce
information for the steren ar guadm
effece. The third (TMX) snd fourth
(OMX) channels are frequency modalated
on two 30 kHz carriers, simikar o those
used for Ch=%., An ess=pnljal difference
from that system, however, lies in the
fact that these two auxiliary channeis
can be comtained in a fairly narrow Land.
An audic bandwidth of 3kHz is com-
phetely satisfaciory, and this can be
transmitted a3 symmetrical frequency
madulalion with a pesk deviation of
% 6 kHz { gure 4],

Thiz linsiting of the sudio band is poscibie,
hecause there is hardly any audible d3ffe
mence belween BMX and QHK at fre-
guencies above abour 3 kHa!

Since the arientaiion of the vadous sound
sourcas is the same for oll three svstoms,
the trancition from OMX 1o BMX af 1his
cutoff Treguency is almosi irnp:r-:‘:tpl::ihk

1
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TMX is mainly of intersst for radko brosd-
casting; @ third channel can be rather
simply provided ({or examplz, by guadra:
ture: modubaiien ) owever, four channels
appear to be an impracticable process
— ot lensk in Ewrope, Greater bandwidths
would be reguired for the transmission
ol four channels, and fthese would lead to
unzceepizble fnterfemence on  neigh-
bouring channels,

Conzlusions

Froam the companson af the four syslems
it is apparent ihat 50 seems to be based
on & different concepiion of quadro-
phony: lo amive with ‘logee® at fous

3

BMX

-3

srressed Scomers’ (and alio ‘centre frome’).
This i swccesful 1o the exient thot
presentations can be very impressive in
spine of the notesd shortoomings.

The resulis af C-2 and OF are adeguata.
Since several porameters are not opilmal,
the peripheral devices for nolss reduction
and image  posilbom  stabilization  are
unnecessarily  complicaisd. In spite of
these addislonsl devices, however, the
resnles sre not completely satisfacliory,
Fimally, the UMX sysiem combines the
besi features of both systems Lo give the
best resulis. Thereiore, from 2 techmical
viewprint, this system isio be prefomed.
Unfortunaiely, the discugsion of quadmo-
pliony is & present clouded by confusion

Figure 1. Elook disgram of a complets quadna-
phenie soursd chain, & = recording sres; B'=
iramemision svstem; G = reprodwction arsi.

Eigure 2. Fréguency SpRcEnm on one neoond
greovn wall whon recanding aséarding ta the
CD-d system. The sumn signal i recordad in the
normal way im the base band (0. ., T8 kHz).
A 30 kHz esrrier I8 fregueency modulated with
the diffammca signal in the band from 20 to
45 kHe.

Figure 3, Amplitude and phase characieristos
of the cpsems BMM, TMX and OMX. 0 d8 of
tho amplitede choractoristic and 0° af tha phase
characteristio olways coimcide With the pEoiition
of the soumd source, | several sound sowrcis
are  meprodusod  sSmaliassouthy. one  @n
imagina tha appropriate  chorocteristios as
“pilzdl an top of one another'’.

Figura 4. Fraguesey spictum whan recarding
acearding to the QMY gyytem [one groove wall).
The twe BN shannels se recorded in the
Bagh bBamd (0. .. TEKMHz). The mwo auxilisry
channels sre sach modulited om o 20 kHa
cartinr [FMl, in thi band from 24 o 35 kHz.

of longuage and by commercizl con-
siderations. Partly because af this, the
UMX system has offen been practically
ignored.

It B often srgued that UMY woz
developed too laic, so that grest invest-
ments  elready lie in other systems,
Professor Cooper argues stronghy agains!
this. In his opinten, the differsnces (Fom
the other svstems {especinlly CD-4) are
50 slight that possible chengeover offers
no diffieulty.

The nomber of gpramophone réecords
shready pressed according [0 2 cerfain
system should noi (yei) be declsive either.
It wiould be ansther matier if o company
hegan to wse a particular system far its
entire reconl collection. Fortunately, this
hizg mat yet happensd,

In wiew of the rapidly ncreasing demanid
for quadrophony especially in rhe USA
and Japan bwi also in Ewrope, there is
still hope that & definitive choles will be
orade kn the near future. In this event. il is
to be hoped that technical arguments will
be decisive, nd from fhe techmician's
standpoint this article could have been
entitled: UMX . . . or nothing!
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eufiklils dsirial ampdifier

The serial amplifier described in
thiz article iz characterized, among
. other things, by its low noise lovel
{1-2 dB), & voltage gain of
10-20 dB, and & wide tuning range
{146-76 MHz).
I1 is designed for use as
an FM-aerial amplifier, although it is relatively simple to modify it far
application as a TV aerial amplifier,
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Acrital amplifiers can be divided roughly
into two categories! wideband and uned.
The main advantage of wideband types iz,
of course, 10 be foond in the fact that o
frequency spectrium of s=veral decades can
he amplified without anything having 1o
be switched over or readiusted. On the
olherhand , there are some drowbacks that
count all the more if the amplifier &5 =x-
pected to provide mazimum Enprovemeni
in rec=piion quality,

Using widehand amplifierz antails  the
folfowing drawbacks:

I. Crods modulation soon occurs because
the total omplitede offered cen be
fakrly large, Furthermwore, the snfirs
amplified spacirum is fed 1o the recefver
dnd this iz another li%ely coise of cross
madolatinn.

In most cases it is. impossible to
design a wideband amplifier for mini-
mum moise contribution. This is be-
cawse (e cable impedance (wsoally
&0 1) je mob Lhe optimum vajue fo
the amplifier. In addition, it e almost
mpossible 0 compensate folly for
parasific capacitances.

Comparizan of the nolse contrbutions of
TV tuners and of wideband amplifiers
ghews thst both are usually of the same
arder of magnitude for the TTHF hand., In
the YHE-TY and the FM bands, the tuner
often hai an even lower nobse figure fhan
the wideband amplifier. If the wideband
amplifice gives becler jece prion, This i die
mginly to the faci thst when the amplifier
is placed beiween the aerial and the cahle,
the cable losses become far bess important,

e

Tuneble amplifier

A drawback of a tunable amplifier i that
an exira cable Is usually mesded for the
tuming voltage, By means of a simple cis-
cuwit, Bowever, (figure 13§t s possible to
use a tunable smplifier without an axiea
cable, The stabilized power supply pro-
vides the sum of the supply voltage and
ihe tuning voltage, and within the ampli-
fier the 12 Vsupply is obtalned by stabil-
ization with a voltage regulaior dinde.

By connecting & 12 V regulstor diode in

sevies with the supply voltnas, the tuning
voltage &5 12 ¥ lower than the supply
voltage. I the variable stabilized supply
it now adjusted from 14 e 26V, the
supply voltage for the amplifier remains
13V, and a tuning voltipe of 2 1o 14V
hecomes available.

It gocs withoul soving that the variahle
supply must have a very low him and
noise fevel to avoid amplitude and phase
modulation viz the varcaps. Thereiore
# larpe electrolytic capacitor is placed in
parallal with Ds

The circuit consimes about 100 mA, bul
offers the advontage that the amplifier
alweys is & a higher temperature than
smbient, 50 thal waler condensation aod
the regulfing sorrosion are avadded.

Design possibilities for tunable am-
plifiers

A FET-zmplifier cam be based om two
maln circuiis. o wit: the common-gate
and the common-source amphifiers, Sisce
the amplifier is tuned, the isput asd oul-
put capacitatces of the semiconductons
wsually present no problems. Mot so,
however, ithe feedback capacitance,
because this may give rise (o nstabiity.
Another impartant quantity is the input
impedance. [f we iabuolate the necessany
design dats, we get sometking like tabie 1.

Figure 1. With simple mean the coas cohle can
b# vwmd for the signals, the supply- ad the
fanbng voltegos.

EAIMUTOn SOUISE  Srmmon gate
impurt ipiécified by the ussslly da-
immedanc:  manuficterer; visles Ao mane

can b any- than 200 fram

shing berywssn  1/5

¥ snd IO E

&t 100 MHz
output wpesifisd by the maraiactueer
impedance  gnd i usually of the sameo andar

wy the input impedance &t com-

Man snEnee
feedback 1140 p wary lempg:
capacilanog uuially

D0

The drawhback of the common-gaie
senplifier ic that 115 maximum gain & jess
than that of the common-=<ource circust
Dn the other hand, however, the common-
pate amplifier has greater reblability and
stability. & secondary sdvantage is that
ihe difference in matching For minkmum
nowse or moximum gakn & mach less than
for the common-source circuit: and I= in
some cases even peglgible, Radio recep-
fiom requires matching o minimom noise.
TY reception requires maErching to maxi-
mim power @gah 10 climizote cable pe-
fleetiom (pictare “ghosrs™).

The circuit {figure 2}

To obtain a wide matching ramge, the
clrewit ig designed sroued discrete coils,
This ako offers greater froedom s regards
using other tvpss of FET. Often mistakes
are made o5 regards the gualify factor of
such home-made coils) in this case a Q-
factor of 100 or more can easily be
schiewad,

Although the dispram shows the smplifier
with symmetrical input and output, it
can easily be adspied for application with
sy mumetrical acrials by providing Ly and
Ly with covpling windirgs. To eliminaste
the problem of the (wide) telerance In
the pinch-off woltage, the gates are
connected o & positive voltage so that
exch af the FETs draws abowi |0 md.
Fora 12 ¥ supply voltage, the gate-drain
voltzge is ahout & V, und for most types

1

varishis %
adiiliged
=ppiy o
M, .. 368Y

A e

Bf, choke

tunasie
| amplilar

Tudving-veltpga

Vor:
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af FET this produces the minimum noiss
contribution, The oaly limitation to nslng
certaln FETs is the slope. which should be
greater than 4 mASY. A largs mimber of
types meel this seguirement, as shown in
tabda 2,

¥ miAnimum Mdood  d8 noltd coniri-
md/V bution {iyal at
100 MiHe

EZO0 4.6 1.5
E3TD o 1.6
UTEBSE 4.5 1.8
A48 4 1.2
INEIAT 5] 1.8
Uz 1a 1.5
B304 4.5 1.7
SO0

(el 13 1.5

The fact that the circujte possess 1 highs
Q-factor does not necessarily kmply that
the amplifier = & narrewband type. The
cirenils dare damped by the input ond
outgut impedances of the FETs Suppose
the no-load Q-<factor is 10, The resanance
impedance then found at 100 MHz is:

2=Dwl=15k.
The efficiency of a8 circuii is given by

s Qo -QL

Qo

whese Qg and O represent the quelity
{actor under no-load and load condiilons,
reapectively.
Ea fior & hiph efficizney il (8 necessary e
load the circuit heavily, wihich also me-
daces - the effeet of the FET outpui

imptdance. For the ckse where Qg ==,
and the oatput impedance of the FETs

1% 2= the gain is given by {figore 3):
Ay = ngfng -8y fng )
“n fny+ 8 ringmg ).

If we take
FomSl  ngfm, =1.2
faffy = T8 nging=5

L1y becomes:

Ay = 7508, (2)
From the above formulas i appedrs that
the gain & direstly proportional o the
glope of the firdl stage. This 5 only true, i
the Ideal condition {Jn = ==amd Infinftely
high output impedances) is sufficiently
approached, and that 15 the case here if 55
is at l=ast 4 mASY,

It i logicnl, therelors, (o use for T, 2
chezp FET thal meeis is requirement,
such 25 the [J |4 E or the E 300
Megsurements where Ty = Tz = E 300 in-
deed showed 2 woliage gain of 3. When a
type E3 10 wasused for Ty (8= 10 mAN,
the galn inceeased to abont &

To investigate the effect of T, on the
gain, first a tvpe E 310 was used, with the
result that the gain increased o 18, Singe
the primary functson of an aersal ampli-
iier i= o improve the sipnal-do-noEe ratio
st the smplifier input, it & pointless o
mezsure the bandwidth ar the 3 dB points.
It i= betier 1o guoie the bandwidih m
which the nolse contrbution peey
deteriorate & certain mmount, say (K5 of
1 dB. If this stondard is uszd, the band-
widih of the amplifier is abouwt 3 MHz at
100 MHz, bwi thic could not be measared
cxEcily because the clektor laboratores
arg mol equipped with the (extremely)
expensivesquipment needed o fake acens
rate moise measure ments.

The ratic ns/ng miven in the example
ahave, and which is lawer than mighl k2
expected, was determined empitically for
2 minimum noise contribution, and this
adaption proved o be the mast favousable
ané far both the E 300 and E 310 1 the

Figare Z Although the supply voltzge in the
diegram 1z 13 W, 1he amalifier can be conrected
o any supply volisgs betwesn 10 and 20 W, A
ghairt 12 W ke nalse costribution is lowert,

Figure 3, This simphfied disgram sseves for a
rough caloulation of the gain.

Figure 4. The crawing shows how the eailu
shaowld be wourd.

Fegura §. The meihosd for coll moeniisg shown
hre =aves comsiderable time. Oworall perfor
mance does not suffer, but the appearasea is
Ol R0 A,

B F =
?"rTLf - coils nre made of silver-plated copper
=:|11I13 u’.s .7 (0 wire, it is quite a zimpbe matier fo
Myl hy - o determine 1he best tap.
1 4"_
50... 76
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Mounting, construction and adjust-
ment

An imporiont requirement is that all cop-
nections must be as short as possible.
Fhotograph 1 gives a clear picture of the
oounting. The FETs showld have much
thomier connecting leads than shown in
the photograph (ahose & mm); long leads
ave distinctly unfavoumble effecis on
dability and the signal-te-naise rtio; this
wis being wernified when this photograph
was taken.

All capacitors, except Far Oy, dre of Lhe
lowdoas ceramic disc fype. Current (ypes
of Schottky diodes canbe used for Dy and
Dy, ond types BRIOSA, BBIOAE and
BBIOSG are suilable for Dy to Dy, The
wils a1z wound on Kaschke codl formers
type KH 5/22 7-560-8A, with a ferribe
core, type K 30120100, Several other types
of codl formers miphi be suitable as well,
£ the diameter is sboat 14 In (& mm)
The [emmite core has to be 3 YHE-type!
The winding daia are given in table 3.

Tabsls 2.

tail  tapowich respect 1o el nmmber
+or—Yp o Turem

Ly eerinl BVIREL 2
2407300 £1 4
lecupling winding)
urce 26

Ly  ace 2 5

Lz  clatpur BTS2 1
20ana 1 2 5

{ecupling codl)

The wire should preferably be silver-plated
copper wire with a diameter of 1.2 mm.
The spacing between the turms is 08 mm
and is obtained simply by winding s so-
called “blind wire™ of a diameler equal io
the spacing, ie. (L8 mm, ropether with
ihe coil wire. Once the coil has besn
mounted, thiz blind wire ks of conre, re-

mioved unless the 2440430480 L conneclions
| are to be used. Tn that case the Blind wire
s 0.8 mm cnamelled copper wire, and
after mounting of the coil. thiz blind wire
is wound off agein until the abave number
of turms is left.

As the coupling coils must be placed al
the “cold end’, winding back takes place

from the coil end that & connecied (o the
varicap. This & Elustrated In figure 4.
Soldering the wires to the former pins is a
time consuming job, particularhy for the
wire dinmeter guoted here. If more value
it sl upon effickent mounting than on
appearances, the codls are mounted direct-
v In the cirewit, 25 shown in figure 5. The
call formers will fi anly aller clipping, as
can be seen in this figure. In this case the
cols are wound on a doll with o slightly
arialler diameter {about 0.1 mm) than the
outer diameter of tThe codl [armer,

If the recelver used is wol unsd by means
of wirtcap diodes, the aerial amplifier
should be adjusted a5 follows Set (he
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Figure. . To obiain the tening volvage for the
armplifitr fram a tuner with a high-impedanco
uning valisge, swch s tap prests for insiance,
wfi Bmitter folower is required. If 3 lowsmpe-
daned tuner voltage is wsed, the tuning valiage
for the amplifier csn ha obtainsd dincdly
tha 47 k edjusiment potinticmeter,

Figure 7. Layaut aof the printed circult board.

Figere & Comgponant lsyout on the PG boand
i Pigura 7.

J'I.'ﬂtd_l l_i.'\-P-PI-ﬂ— 'é L i ‘_|-I|'\-\.:|_ L.-l

= ook T)-L-J._.: el ea sl
& Lrb- '-::l. e

i'.lt-f m-i.,.."\.q!: Ly, Fale 3T

tl'-\.? Ir ,.\_'.

fermite cores half way ln the formers. Tune
the receiver Lo & weak station wilh a fre-
Juency ol aboat 35 MHz and adjust the
funing yoltage — the voltage applied (o the
varicap diodes — [0 obiain 3 maximum
oulpul, Tune Lo and Ly o increass the
ouipir still Turther or 0 oblain & maxi-
mum;adjusi Ly to reduce the moise of the
received sipnal to a minimum. If the vari-
cap diedes are three motched diodes, the
aerinl omplifier will now Erack comecily
over Lhe mnge 76 to 146 MHz.

IF the receiver is tuned by means of varicap
dicdes, the valtage that conirods chem can
glzo e used fo contrnl the disdes in the
perial amplifier. However, to prevent over-
lozding the receijver, the voltage should he
spplied to the diodes in the asoal ampli-
figr thiough an emilier follower as shown
in fipure & The tuning procedure now is
it descnbed above, excepl that a weak
station with a freqoency of about 88 MHz
should be wsed and Py i set to give a
maximum muning voltage. Mext tum the
receiver 10 o wedk statlon an 100 MHz,
ond ogain adjust Py to ebiain o maximum
oufpui. Tune the receiver io 88 MHz and
readpast the three cores to obiain 0 maxi-
mum ouipat [ Ls, La) with the least noise
(Lg) Tune the receiver back to 100 MHz
and check that mo farther adjusimeent i
required; the asrial amplifier should Aow
mack comectly over the band 76 to |46
MHz, Il further adjustment is meeded, then
repeat the whole procedure until it &5 not.,

Results and application in the 2 m

amataur band

The sensitivity of F.M. [unérs cas be

limiated bry:

I. the signolto-noise rotio ot the input,
anud

2. imsufficient amplification of the mter-
mediate frequency.

Most fnctory-made receivers are designed

=2 that a comblpation of these 1w factors

= aperative. Althowgh it is difficuli to

give an exacl rube Tor the improvement

obiained by using the amplifier, it may be

expected that the sensitivity of the receiver

will improve by about 8 facior of 3 for

the same signal-to-noise ratio. 16 still great-

twnirg wolksgs ':3 |

i A B=twir i nuing wolizge |
BC-10aC
Dﬂ‘ for tha aoial

g i
1 L
E

6 ' p

Parts list

remision;

Fii.Ag.Ag Ry Rg = 10K

R, Ag - 56011
= 1 k2

capaciiors

Cq . ..C1n= 560 pF ceramic disc.
Cjj =47 4F.BY

m=micanducices!
Dg = W6 reguiatar dicde

oiheEr SEmotndurTars: @ae wat!

er smplification 5 required, the amplifizrs
can be cascaded. An amplification factor
of mape than 10, bowever, will osuslby
give mse po cross modulation in the re
ceiver; the same amplification can lso be
obtained by means of one amplifier squip-
pad with FETs that hive a stesp slope
The coibs described <can be wsed [n the
two-meter band, but the waricops muosi
then be replaced by cemmic trimmerns of
19 pF. The bandwidih is more than
sufficient b oover The entire band.

Conclusionsz

The serial amplifier discussed in  this
article is suilable for many applicstions
and has such a low noise figure that it will
impreve reception in all cases. Apart from
the To-146 MHz range. the amplifier, with
modified coils, can also be used (o greai
advantage in The following hands:

14 2] and 28 MHr amatewr bond, channisl
24 TV, channel 5212 TV, and perbaps the
ULH.F. band. Thede further applicytions
my b discussad in one of the next ssues
of Elekior.

WAINEEN

12
VA
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An important alternative to the mechan-
ical switch — rotating or push-button —
iz the touch switch. This has the advan-
tages of greater reliability and a highar
switching speed, as well as being naiza-
less and not subject to wear, Furthermore, front panels with touch contacts
can be made available as printed circuits, so that it becomes much easier to
build equipment with a neat appsaranca.

Elektor laboratories have been asked to design a touch control switch with &
single touching peint and costing no more than its mechanical equivalent,
Consaquently, our laboratories have produced the Touch Activated Pro-

Basic possibilities
Operating a swileh — towching, turning or
pushing — 1 18 effect feeding in a sgnal
thet must be siored somehow. The mech-
apical switches do this by remalnisg
locked im their new posiiloBs, @ towch
gwiich, howower, cannot store 2 signal

grammer ar TAP,

wnbsas il is provided with @ memorny,

If o switch is ta be operafed by toucly, its
input resistance must excesd the resistance
of the linger if action is o be ensured. IF
it i5 4 sangle-point Louch swikch, the signal
fed in — the sigmal that activaies the
switch — must be the noise ar hum picked

1a P

P

T

N

T

up by the aperaior. Hence, the singles
paint tpuch swilch consists ess=ntinlly of
an a.f. amplifier that has o high input im-
peidancs, a rectifier and a memory, This is
shown in figure 3. Inthis svsiem the input
signal (hum voltage on the skin) i ampl-
fied In the inpur sage, rectified and led
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to the clock mput of & fipflop. Exch time
the input podne & touched, the fMipflep
will change to another stable position. A
praciical circuin in accordance with the
block diagram of [gure 3 & faicdy simple
Lo deagn

A TAPF (Touch Activated Programmer)
that will replace a complete pushbution
il meeds @ resel il bélween Lhe f'lip—
MNops of The respactive swilches. This will
ensure that when there are several switches,
all except the one operated are reset. This
reset con e gohieved with dioskzs as shown
in figure 4 with o four-position switch
For simplicity the conlaeds are shown os
push=butions, 5 i€ the (olal resel burlon.
The thres-positton switch shown in figure
4 peeds nine diodes. In generzl, the reset
circuil requires 1 mumber of dindes eyl
i the square af the number of positions.
Hence, an eipht-positior gwiteh (plus, of
Course, a toral reset) pequircs 64 diodes.
So the system of (igurs 4 & rather expen-
sive, and the cireuil bacomes complisated
when there are more than four positioms
A touch control switch operating without
peset diodes js shown in figure 5 points
AfAy und B/Hy being the touch contacts
Here reset 15 achieved by wsing o comnken
supply resigtor By, [F one of the switchas
= ‘on', i deaws a current of about 1mA.
The woliape drop scross By 1s then 3.3V
Ag spon ag the second switeh s opemted,
this one, too, will want po draw 1 mA. As
d reaubl, the vellage scros: Ry dreops al-
moil O 2eénd, [he nﬂn—upem[rd swaleh i
cul off and the last swilch (o be operatsd
remains ‘on'. An alib:mtng-e of such a
switching system is ‘thot il con be easily
expanded with more and more of the same
units, There |5 the drawback, however,
that extra compongnts are necded o
create “hard” binary cutputs. Conseguent-
Iy, the cost of the switch becomes so high
that the financial requirements can no
longer be met.

A belter rescl sysiem uses a one-shot
imongsiable mullivibrator). Each time 3
swilch is touched, this one-shol Gecwit
feeds o shorl resal pulse o each fMipflop.
Ths pulss muast beso short that no audible
inferval occurs in low frequency applica-
tions of the switches. Laboratory cxperi-
meats have shown that toack-contral
swilches with this reset system provide the
maosl relizble circuit. 1t i for that reascn
that they are wsed in the TAP.

Block diagram of the TAP

Figure & shows the block disgram of the
TAPF, points A, B and C being the touch
nalnis

A separaie overall rézer Is provided. Each
towch palnt is followed by an inpat
baffer circuld (IB-1, 1B-2 . . . L These
amplify the hum woltsge op the skin,
The mput ciecuiie of the teuch poinre A,
B and © drive the seidSknpui of the
RE flipflops. Since driving the sel mput
ol such o fipflop Several mes 1N
succession will only lead 10 one chapge In
ite binary atate, the rectificr circuit shown
in figure 3 i5 not necessary here,

The inpuat circuils also drive (ke one-shol.
If, for instance, paint A 5 touched, a
50 Hz sguare wave will appear on the &=
imput of the first fipflep (FF-1), At the
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Figura 2, Phatagraph of the TAF,

Figura 1. Block disgram of a simple tosch
control switch with ans ingint and two imearsse
dqitals ouipirts.

Figre 4. A switching sy¥tam with four digital
lpules) inputs =od three binary outputs. Tho
Wilem is desigred sa thad in sl oscec only ona
birary eput mssumes o et siste whilst the
olier cutpaify aew in the mset state of &fe baing
ragyt.

Figure 5. A touch comtrol switching system
whare only Gne ootput ot & timse can be in the
st stade, Thin sysinm oom be espanced with sn
unksminad number of touch earirod nedite ke

Figarn 6. Biock disgiam of the TAP, Tha letiere
FF, 0F and IR stand for FligFlsp, Cne-Shot
= moscstable mubtivibratorh and Inpul-Bofar,

same fime The ope-shor prodoces very
shom  peset pulies, Because these redel
palses o the Rinput pre short as
compared with the square wave at the
Sdinput, the fiplop is nol reset immedie-
tely after being sot. A swiich isresst anly
by operating one of the ather fwao
switches or the independant reset. As the
block dingram of fgore & shows, each
TAY comprisss three switching positions
and one fotal resel, The circuit Is designed
g0 thit reveral TAPs can be combined to
a maximum of aboot |4 switching pos
tions plus ene todal reset,

The RS-flipflop
In the TAP two MAND pates are coupled
to form an RS-flipflop (see fgure T

The Sinput of the Mipfop isdriven from
i framsistor, thaf, in the sctive stale,
draws the input of the gate to supply
zerd. In figure T this is tramsistor T,
connected to input B, and driven by Ts.
If point Din figure 7 Is touched, the
L vollage on fhe skin will drive Tg inlo
conduction; Te then goos into saturation
and draws input B of the MAND gate io
0" 50 times per secomd. If D is nof

&  wow % & a4 @
FF-1 F&-3
a3,
o 4
|
B 122 IE=3 1B-4
; B [ Freet

Tha T400

e TAP is desicesd geound the inwsgramd
creult  typs 7400, & quadrople  peo-inpis
NAND, Actrally, the tull 1ypé nomber weill e
SN 00, & 7400, N 7400, SH TAHOD, @ narw
& dew; che |etwes & not so lmparmear, how-
| #viér.To gain a good insight inte the hanstianing
of the TAF cincuin, it i8 necessany Birst 10 teke
#clomr look an shic inwegrated cirewit. The part
surrmanded by the dashdot lime & Figure &
fepeteeno the Intemal circuit of @ MAND gae,
and 2ach 7400 coamprioss four such getse.
Tae reo0 emittare of T ere 1ha inpaiz of the
NAMND gate, When both emitiert of Ty reole
# valtage +Vj, no correst flows thraugh ics
P-H bassemifiae function. The patemtial on the
hms of Ty rises and the PN bBase-coliactor
fection cardiserd. Henoe, basw trandistor T,
an be régamded as am assambily of thoo diodes,
The potantis on the b of Ta now rises ane
T wraniicior ig twmed om, 1o that it colfeetar
patenslal dreps sherply. Consegwantly, T3 no
langer conducts and, ot the same time, Ty is
drivien into ssuratien, Poimt C, the MAMND
| GEE albpet, droge ta se pobenial (LOES,
| S0 whan both inputs af Ty & an #4g (HIGH],
the output B LOMEL It & alss obvious thas
basing the amivers of Ty ‘ppen circoit’ s in
lact the 3ams s spplying +Vy
Al goon 25 ong of the emimers of Ty becomes
LOVW Ibogic T°), the base valiags of T will also
drep, As o reialt, the bess-caollciar junciion of
Ti does por eanduct, Tz is e langer deivan,
and the owput (C) will ssume a8 HIGH fevel.
Whan the outpan ol the MAND gaw is HIGH
llegic “1°1, the autpur level is sl o ihe
mipaly valtags +Vh minus BE drep 0 tha
dicda D, the collector-smitter samdration woltage

Figure 8. Cireuil disgrim of a NAND gt in
7400 1C.

A ——— —

ol Ta and the drop in tke 3000 colisctar
msistance. This aurpet level therefore depends
an the loed curent.

If the ourputr af tha WAMD gape Iy LOW
liagic "0'F, the ol current = fed to the upply
2ere via Ty The mazimum loed current (sink

curfant’y is then detcrmined by ths maximuom
parmmigabile cuirent through Ty, which is 30 ma
For = 7400 IC.

touched, Ty remains off and the HAND
gate geee This as & *1* level

The circuit diagram of the TAP
Figure B gives the circuif disgram of the
TAF. It is desipned around fwo [Cs. The
four MAND gates of 1€ are used o form
two RE-flipflops. The fivg one ¢onsisis of
the gates My /Na, and the second one of
Ma/MNs. A third is formed by the gales
Me /Mg in IC;, The two remaining gifes
(Mo Mg} of I fomm the one-skot, which
provides the resel pulse. Iis pulse width
is determined by resistor By and caps-
cior Cy. Figure 9 shows an oscillogram
of a resal pule at the output of (he one-
shot (pin & of gate M:), The pulse widlh
is approximately 400 ns!

Az oppears from Figure 9, the meset pule
ga ', The rewl pulses are fed direcily to
the B-inpui of the thres fMipflops witlome
dinde coupling. This is possible because
the emitters of the NAND gates ame
‘open’,

The set central for each flipflop takes
place via the darlington circuit somsisting
of two iransistors described carfier, For
Mipflop Ny /Ny these spe the iransigiors
Ty and Ts. The callector of Ty is con-
necied direct 1o (he szt input of the ip-
flap, The negalive-going pulse on this col-
lector, when point A is touched, i wsed
for driving the ope-shot. To achiewve a
good switching édge, the collecior of T,
is conmected fo *1" leve| via resistor B
{in fhe quicscent state). As soop & A s
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toached, the collecior of Ty switches
from ‘1" to *0° and back again 50 times
per second. VWia diode Dy this signal
arrives on resisior B, Conseguendly,
tramsistor Ty becomes conductive, ind
fls= drive mpuf of the ope-shor (pin 13
af pate Mgl 15 deawn o supply 2o, 50
that the one-shot produces resei pulses
S Times per second

Resistor By in (he base ol Tz prevenis
this transistor being damapged by stalic
charpes on the =kin.

To avoid instability of the TAP, a capaci-
tor 3 is comnested across the mapply.
Capacitor Oy ks provided for subomatbic
resel when the supply is turned on, This
{1 achisved by feading the posttive. voliags
surge, ocourring during switch on, fo the
basz of T9 via By. Consequently transis-
tor T and Tz become momentarily oon-
dective, and fthe oneshot pmodoces a
reset pakse.

As well as heving 8 Q and § ouiput,
each fipflop ales has extrs S and 5 out-
puts. These are intended as  sciive
gftenoators. In the meset condition an
Souwiput can be regarded as a relatively
high-ohmic resistance relative o supply
zero, Inversely, the Soutput is relatively
Iow-chmic. Il viga semes reqaslorn, a digital
signal is fed to an § or an 5 outpuet, this
S or § output will function & a logic
contralled allenualor,

The switching speed of Tk various oul-
puls s & hiph that asthing of 1the TTL
character 13 lozi. Figure 10 shows am
oscillegram of 4 swilching edge of one of
the binary owtputs of the TAP. As is seen
from ihis figure, the e fime &5 lzss than
10 ns.

The ekrzuit shown in figure B can be
considered a universal TAPE. The points
RE (Resci-Bary apd CB (Contact-Bar)
provide an extra output for using several
TAPs In conjunction with each oiher,
Table 1 gives the touth table of the TAP.
and (able I gives vindus spl?l:ifi.{'.lhljl'lﬁ.

The printad circuit board

Figure |2 shows the circuil hoard of the
TAP. Al the inpuis are along the upper
edge of the board, and the outputs nlong
the lower edge. The supply ferminals and
the RE-CB ralls are on one side,

Sereened cable should be wsed for the
Pl ConnScinng.

TAP applicetions

A ample TAF application, an onfoff
switch for a 220 V lamp, is shown in
flgurs 13.

In figurs |4 s sumilar circuit for operating
threz lamips is shivwen

If the diodes Dy, Da and Dy are omitted
trom the TAF in figure [4, the resuli is 2
tiple lamp  switch with one common
resel. In cases where a iriple touch conrrol
gwiteli with B common reset is nsufii-
cienl, mom@ TAP: can be womed in oome
junction. The RB- apd CB-rzils of all
TAPs wsed must then be inferconnected,
Figure |5 gives a simple example. Of
course, only one TAP nesd be provided
with o one-slei resel circnil.
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Tahle 1. Truih iable of tha TAP
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Figurn 7. An AS-flipflop beilt Trom twa NAND
gates. The trensisiors Ts and Te pla naistar
Ay form the ‘sat’ oirouk

Figure 8. The campleté circuil diagram of a
TAF.

Figure 9. Photographed oswmillogram of & ana-
ghot rgel pulse. The oneshot produces this
pulss wach timo Enput A, B, € or the resst iz
touched. At & prolanged touch of ary of the
1cuch painis, the oneshot prodisess 58 such
pulias par sacond,

Fegara 10. Phategriphad aicilagram al onae af
Ui BEnary autpaits during switching.

Figare 11, Equivalant Block disgram of tha
TAP cireisit.

Parts list with figuras B and 12

Aesigtars: CApseita:
Ry, R Rg = 0k =70
Ag4.Ag. Ag.Ry = 1M Ez: I o
Ftﬁ_ e 1k I:a = &7 in
RgRipRiyRiz= Tk

RizRig.Rig = 3Tk

Semecgnaluctors:

Oq,010.0y = [OI0G

M T T3:T4TRTE:T7 = BC 107 or BC 108, BC 104
Ty = AL TI6 o eouiv,
TE.T'| |:|._T1'|,T'|I = TUM

Tya2.Tya = TILIM

G162 = 7400 (ML)
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Figure 12. TAP printod eireult board with
compmnent lyy-out.

Figum 13, The TAP weed as a touch-castrobiad
onfoff sutteh for a 220V lsmp. Ensure that
the live mnins lead is eonnected 1o the lamp.

Figars 14. The TAP used as & tripls lamp
waitch. If the diodes Dy, Oy and Dy am omir-
tod fram the TAP, the resultl is & tiphe switech
with one common et

Fagure 15, If thoe BB |Rmai-Ear]l tarmisaly ol

ka8 twd TAP: and the C8 [Control-Baz] tarml-

raly mw ipteconrecied, a5 shown, the reult

it & payen-posttion tomch contrel switeh sdth

& swihehing pesdtioas end 1 resot. The one-shod

E ba laft oyt of TAP T becauss TAP 2 slready
ona.

14
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achorss
Flepme

The simplest possible flasher
device iz a bimetal switch. This
construction can be found in

‘blinker bulbs" and in the starter-switch associated
with a fluorescent lamp.
The possibility immediately comes to mind of using

a fluoréscent-lamp starter as a flasher for Christmas-
tree or ather decorative lights. If one uses more
than one starter in soma combination of several
lamps or lamp-groups, highly varied and interesting
effects can be obtained.

Fgurz 1. Photograph of a panty dismantied
fismmgsant-lamp  glow-sterier, Mot tho sup
PEII0N CEpEEiTEE,

Fauré & The simplelt pomible flashes clrcyil
camicte of & single starier wired in series with
ehilamert-lamp load,

Faurg 1 Example of 5 more comglicaed
wmngemrant. Two sterery gnd three lampa lar
Imp-strings] of uneml wattsge will provida »
kghly variable fickaring-sfect.

The basic idea is shown in fgure 2, The
garter §5 wired in series with the lamp
of lamp-siring (such as Treedights):

When meinz voltage is applied ncross the
series combinatlon the merl-gas mixture
m the starter becomes conductive amal a
current-carrying glow-discharge oocers be-
Iween Lthe electrodes. One of these elag-
Irades -is actually o “bimetal’, rwo thin
strips of dilferent metals — having two
different thermal &% pansion cosfficients —
wobded togeilier. Such a bimetal wall curl
{or wocurl) when i iz heated, In the
Muorescent-lamp siarier the discharge ir-
renf throwgh the gas provides the beiting,
and the curling of the bimetal is arvanged
Lo couse a short-circult between the glow-
electrodes. This remaves the supply of
heat, so that the cooling bimstal reepens
the circuit & secoand oF two kBier.

The lomp connecied in our arrangement
will iberefore flosh more or less repulasdy
on and off. The current which may be
iwitched by e starter depends on the
rating of the lamp for which the manufac-
tarer intendead it. The best place 1o find this
rating is the label on the “ballast” device.
Alternatively, assume that if the starier
fe.g. Phuilips type 510, see photo} i intend-
el for Auotescen! mwbes up to 80 woit
ratlng, that it will safely switch erdinary
filament lamps o this amount,

hote that the starier normally becomss
‘dormant’ when the arc-type gas discharge
m ithe flooreseent tube “strikes’. This is
because the willage acros The sieadily

burning arc {5 too [ow to 2liow the sigriers
glow to re-sgnile. Inowur application there
i& mo guich efleot, 50 that the ‘starter” will
flesh Itz load confinuonsly

[t is however possible to deam up cir
cuits in which more than ome starter is
combined with o split-up losd in 2 way
which makes fuller use of the properlies
of a given type of device, As an example
take figure 3. This circult will do ihe
wiltdest things, depending on the iadividual
starters and on the lead values

suppose that Ly has the lowest whillage.
When the mains 35 applbicd it will bormn
more or less brightly, As soon = one of
the starfers makes contact, either Ly or
Ly will come on full and Ly will go out,
When the second starter makes contact all
the lamps have the full voltage appled —
but atmast immedlotely the first starter
will Fespen . . .

2

= LT, gr
-“E b bkt laEglring
Insg 1b=
Ttarier Sapriar

v S0

T Tl
il

o

" il
e 5
£ i maTiE
'T 13
L ¥ ?-
L2
=
L1
aitwm T
| lypmBan _|




B0 — alslkcins docembor 1674

eleciranis loudspoakar

It Is widely accepted that the loud-

ﬂmk speaker is the weakest link in the

high-quality audio chain, This is
particularly the case at the lowest
warking frequencies due to the
difticulty of providing a useful gir-

load for & radiating dlaphragm that has dimensions small compared to the

sound wevelength. This compels the manufacturer to adapt clever but
MOre or [2ss expensivie constructions for the loudspeaker unit and s

enclosure,

The manufacturer has the resources and facilities to teckle the problems at
the mechanical-acoustical stage. This article explains that the do-it-yourself
approach that provides the best results at the lowest price is invariably the

“glectraonic loudspeaker™,

Methods of electronically compensiting
for the wéaknesies of lowndspenkers are by
no peins new, As [larwood recently
pointed out, a patent granted in the early
207 already deweribes o “*maotional feed-
hack™ system.

The basic idsa is to somehow derive o
spnal 1hat depeénds on the loudspeaker's
actugl movement and o campare this with
the onginal input siznal. The resulting
“error” signal s used to modify the drive 1o
the loudspeaker, One way of obizining a
feedback skgnal is to exiract the voliage
that is induced i the loudspeaker's drive-
coil when the cone moves,

Thiz extraction of the back-valiage has 1o
be done with great care if the sysiem s 1o
emdinsiable. Ao, ol every loudspeaker
i maitable for the technigue.

The design deseribed in this article has,
hovwever, behaved jtself properly during
many demonsirations.

Apart [rom the facl that the electronic
loudspeaker doss not need a specially-
mdunied pickup-device, which makes il
shimple po bankd up, il can be compared to
normal applications of the wme driver as
follows:

al the lower limit of " amplitude re-
sponse i independent of the fundamental
resonance-freguency of the driver eeld
{or of the driver in I8 enclosireh.

d) distortion due [0 cerlain mechanicil
non-linearities in the drver can be con-
siderably educed.

ch although the frequency responss re-
maing “flat’ below the fundamental res
anance frequency ol (he driver in its en-
closure. the maximum acoustical power
output falis off below this frequency.

[ turms out hawever —as will he explained
later — that o Mewait amplificr produces
more than enowsh sound level for demestic
Lislening situations.

41 a lowdspeaker operating in this kind of
feedback syatem can produce good sound
at higher ag wall as Mower quuenc:lr.':.,
although optimuam resalts can only be
oitained when an extended circuil is care-
fully matched to the Individusl lowd-
speaker, On the other hand, the grester
vone grcursions associaled with extended

bass respomse will aggravale the high-ramze
{ Dappler} distortion problem, so that it is
dlesirable (o use the alectronic loudspeaker
anly for the woofer-range.

The electronic woofer

The beheviour of a moving-codl woofer in
a clag=d box can be fairly accurotely pre-
dicted Trom simple theory (see “lowds
speaker dimgnosis'l. This theory can be
used to find o way 0 improve the bass
QN e

If on: ‘looks info” the loudspeeker ter-
minals one ‘secs’ a sones-comnection of
two impedancss — Le. a voliage dividar.
One of these, called the static or “blocked
impedansg', i€ the valus measured when
the yoice-coll is prevented from moving
{e.g. fxed with plue). The other impedance
arizzs because of the movemenl of the
codl In the permanent magnelic feld and
is called the dypnamic or “motional im-
pedance’. We will refer 1o them as 25 ond
Zarespectively. The redited sound energy
ecorresponds to the dissipation in a “rodi-
ation resistance” whith forms part of T4,
The ophjective i operatmg the |oud-
apcaker iy (o amange that this dizsipation
will be Ffreguencyindspendently con-
tralled by the input signzl applied o the
drivimg amplhifier,

The problem is that both Iy and Ty vary
with frequency, thail these varialions are
by po means the same, and that further-
more the radialion resistance has neither
1 constant value nor & it 2 conslanl poo-
portion of 4. Pay the loudspeaker de-
signer! Lzt ws s2¢ what can be done abouwt
Lhis state of affuirs.

The approach adopted for the elecironic
lsudspeaker s 1o

r)l nofe that the static impedance ¥, con-
sists essentially of the voice-coil resistance
and self-inductance in series and thal il is
sulliciently well-hehaved lar alimination
by mexns of an eguivalent pegative outpul
impedance of the driving amplifier.

B} use this teekmigue to deal with £y, and
then apply 4 compensation o (he driving
sipnal, 1o toke care of the [regquency-de-
pendence of the radiation resistance, This
s mot oo difficult for a loudspeaker scling

A% @ pision in ope will of & closed Box: it
turns out {s=e 'loudspeaker diagnosis’ else-
where in this issus) that a *flat” freguency
response i obbained wheén ke vollage
acpois The radiation reésislanee i made in-
versely propatiional to the freguency. This
can easily e done using & 6adBfocrave low-
pass network inserted ahead of the amph-
figr m the bass channel. This nelwoerk, to-
peither with the negative output Impedance
of the amplifier, forms the basis of the
‘electronkc loudspeaker’.

Summming in alf up if can e siated (hat the
radiated sound energy comesponds to the
diggipation in the radiaticon resistance; that
for a corstant voltoge across this resistance
the dissipation will inciease in propardion
i0 the square of the frequency (hat for a
flat freguency response Lhis voltage must
therefore be inversely propomional to the
frequency — this calls for 8 GdBjoctave
low-pass network; that this voltage can be
fopced to the required wvaloe omce (he
séries impedance £ has been eliminated
by means of a negative amplifier oudput
impedance. The driving amplifier will then
automatically defiver the required drive
current.

MNagative output impedance

A megative ouiput impedance can be
achieved by means of the amangemend
shown 25 a black-dingram in figiire |, A7
in this dingram represenis the gain of the
driving power-amplifier. The loudspaakier
is represenfed as Z1. consisting of the
impedapces Fe and Zy in series, Zf 5 2
fesdback carreni-zsensing Impedance, con-
mecied between the ‘ool lowdspsakes
terminal and amplifier carth seturn.

The voltage drop acros Ef Is found from:

v v
(since the curment ihrowagh Teedback met-
work T i3 negligible) so that:
. S
EL

The owiput impedance s workad owl 28
follows:
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Figurs 1. Black disgram of tha arcengensmt los
Echiowing & negathe owtput limpedince

Figure . Practical rialistion of ihe ‘wectionic
loudspeakes”, Adjusimeni iz carried out by
tuming Pg up from mimimum setting E-dider to
chassisl wofil tha peint af which the systim
staris 19 “howl” — and then backing ofT until 1he
oscillgibon jurt owaser. [What was that repork
sbout old-feshioned TAF receivers with ‘réac-
fion' 7§

L]+ FLR] V= Al 1',:"".' Wy :—\'1 -
" - Zf
e[ AT Jwy = Ay Af_]J-l_u.l
o T wH 7"V

After some tidying up:
Z .
UPTHIIE . AN ZL
IpHAr-11Zf ZI+L,
in which the output impedance has been
iniroduced &

Vo= A

Ty = —{AT=1)2

This is negative provided that AF > 1.
To compengate the statie impedance of
the loudspeaker we require:

iﬁ 2 _15-

Assuming that this is successfully dons we
fired:

= wn—u-i:zingﬂwn =

z

A P il
2 PR T

Z Etdy
*Arver
I+ly EgtZy—Ig
Tio voliage drop gcross the dymamic im-
pedance (vg) is directly proporiionz] o

the imcoming signal wvoltspe {vg). Tiis
schileves the fimst objective.

Practical aspects

For many moving ool loudspeakers the
impedance g ot low frequescies is pre-
dominantly g resistance: the msistance of
b driving coil (Rgh It 15 therefore suef-
ficient to use & resistor (R in figure 2) as
ke sensing element o7 the current-feed-
back | Zpd. The compensation in this rangs
£l wp by odjusting the feedback attenwa-
tor (1) =0 that:

B: ={Af—11+Ry

This can conveniently be done using the
circudt of fipure 2, The amount of [ posi=
tive] current feedback is adjusted by Py-
Slarting with the slider of P3 at the earth
end, withowt any Inpit sEgmal, slowly [urm
ep Py until & *howl" from the loudspeaker

= Avvgl

B
r _'FL'l
-zil iy
i | G vy |
" z L3
L]
K.
& 4
ol
J:I Ly
F- |
—
apii-E
20V mEx.

dk1

horalds the omsei of oscillation, & slizhily
lower setting. for which (he system just
remains slable, is optimal.

Oné or twe more practical nspects appear
fram the cireiit diagram. The bulfer siage
(Ti) has been Incloded to peevent adjust-
ment of the volume control Py from up-
setting the calibration by means of s,
Whether this stage s necessary or mot will
depend on where the volume control was
placed in the original amplifier.

The one place where the volume control
may not be located is in the power ampli-
frer irself! The gain factor A must remain
censtant, On the ¢iher hand, i the volume
cantral |5 o one of the preamplifier cir-
cuits the baifer stage will namally not be
nesdad,

Low-pass network

We  glready indicazed that 2 6dBjoctave
low-pazs network is required ahead of the
power amplifier. The cholee of rollofd
pvint is 8 comproise,

The rolloff point of the network deter
mines the ower limit of compensated re-
sponse. If this rolloff point is placed ar
4 Hz, for example, the response cumve
of the electronic loudspeaker will be essen
thally flat from 40 He to at least 300 He.
On the other hand it is undesirable (o place
this lower limit unnecessanly far down the
frequency range. This g becanse the exien-
sion of bass response has to be ‘paid for',
If we gssuine thal the maxinaiin curisn
which the power omphifisr can  pass

through the foudspeaker i ‘matched’ to
the amourt of force which the delve-anit
cin handie witheout damage. then the
‘price’ for an cxiemsion of flat bass fre-
quency respons: i oredeced  foll-deive
soupd level throughout the whale working
range of the woofer.

As the lowest working freguency 13 re-
duced past the “normal” lovdspeaker-in-
bax cutoff, componsation of the respons:
reqquites Tapidly incressing amounts of
drive-power for 8 given sound fevel. Since
the drive-power is limited, the power re-
sporse maust fall off, This i not so dme
matic as it may sound, however, since the
mAXimim power level in any normal muasic
specirum (including orpan pedal! ) rolis off
at approximately 6dB/octave below abour
100 Hz, o that the maximum power that
the [oudspeaker can deliver metches the
maximum power that |s required over the
whinle frequency range,

How many watts?

What is the desitable losdness leved — and
thersfore how much power [ necesary
— i probably the ‘cause célébre’ of hifi
reproduction. The physical situation |s guf-
ficiently flexible 1o provide grounds for
‘shjcctive’ Juséificsiion of almeosE amy
subjectlive opiniom, whils opiniong vary
batwean the extremas of Shatteringly ke
and the devil eake the neighbours' and
‘the lowdest passagss should not impede
narmal conversation.”

We will Ly to stecr 2 middle<oun: —
baged on the requirement that the maxi-
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mum sound level should be ‘ressonable’
and ‘zccepiable’ in the ‘noecmal domestic
Hstemimg silnation” (whaterer that mey
e} The very words indicate that this will
b purs conjectire — yei it would surpriss
us I we found oursebves very far ofl the
mark.
For repmduction of “serons music sy m-
pheny concert, barogue recital ete) =
strong case exists Tor plavback at the same
ipparent loudness level as that of the orig-
imal performance. For a typical concert
hall the peak |loudness level during
[oriissimo pessapes vanes from about 45 4B
al thve regr of the hall to about 105 dB mear
the fromt, (The reference level for thess
decibels i the normal threshald of hearing
— an intensity of 1077 watts per metre?,)
The average lovel of o forticsima pascsge
s much [ower. Al the other end of the
- range, the piankssimo peak level is Lrepically
- 35 o &5 dB (just far enough: above the
noize lewel dug 10 the alrcomiitoning!
Thiz 60 dB dynamic range can only ba tel-

erated innlarge haoll, where the “indirect’ or
‘reverbemnt’ sound field behaves guite dif-
ferently to that in a domestic listening
raom, A smiler apparent loudness range
appears (o be schieved in the latter situs-
tion when ihe reproducsd dynamic range
iz ahout 40 dE — with fortlssima peaks at
40 AE. Maost recording companies pros
duce matenal with a 40 dB dynamic
range, which was monitored ot this 90 dB
fortissimo-peak level, And they should
know,

Let s therefore spmame thot our "elec-
tromie foudspeaker” miast e able to pro-
duce momentary lowdness peaks of 20 4B
in iypical domestic surroundings. Since
the indirect field rakes fime b0 boldd up
inlenzity, it will be the loudspeaker’s
direct radiation inténzity which must be
able to reach 90 dB. Assume further that
ihe listener is 3 metres from the Joud-
speaker, which radixtes evenly in all direc-
Lions (o F=ir assumplion up e sboul
400 Hzl. Tho required wooustical pooswer is:

Fragure 3. Block disgam &l & mulli-way cyriem
which uses the “slectranic loudspaaker” in the
bass channel. Sacha spstem will be daieribad
in @ fwrther article.

Figurz 4. The fraquancy ol a5 loud
speaker Ina & M5 X B (1] elossed cabinat,
wilth amd withadwt oo m perE .

Powam? x 1y = 47 - 0« 107 =100 mill+
walls, where we have jnserted 3 melres
for distance () and 1077 watts per metra”
for the direct intensity (1g), Le. P04dB. A
lowdapeaker with 1% efficiency will do this
on 10 watts af electrical inpul — and only
‘aconstic suspension’ woofers with heavy
moving yitems are less afficiant than
this! A 20-watt amplifier for each of two
stereo woofe-chanmels & elearty sufficisnt.

The driving amplifier

The drving amplifier used in this system
minet resch o wery high stondard of per
formance, Mot every “high fidelity ampli-
fier’ auwtomatically satisfies the require-
mients.

The mosi imporian! requitemeénl i That
the amplifier be unconditionally stable,
with any load.

In the compensaied system, alter all, the
apparent ]mpii[‘irr laad 14 the lowd-
speaker’s mofionzl impedance. This ap-
pears &5 @ parallel wned eircuwlt: in-
dustanes, capacitancs and resistance all in
parallel! Worse still, this apparent load i
ithe result of applying positive current
feedback around the whole system . . .
We previowsly described Lhe “Equa-ampli-
fier”, which meets the requirements with
an ample morgin. It was indeed designed
with the elecironic loudspeaker in mind.
This amplifier, ke mosi ‘six-transisior
clecules, has s Input and owtput voltages
im-phase. I an amplifier which reversss
the sigrnal phase is to be wsed, it will be
tiecessary [0 insert a phase reversal in the
fe=dback path. This can be sdmply schioved
by replacing the figure 2 buffer stage by a
so-callad *wirtual zarth” mixer.

The loudspeakar

It principle the lowdspeaker and its en-
closure do not have to mest any severe
pequirements. If the best resulls are to ke
ahinimed, attention most nonetheless be
paid 1o one or bwo delails.

The volome of the enclosure will derer-
mine  the fupdamental resonance fre-
guensy of the compensated system — and
this is the point At which the power e
gponse sants o roll off. For normal dom-

*
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loudspealer
dicgnosis

atic listening a volume of |5 litres is ade-
qugte. {15 litres = 15 cubic decimetres =
LEIOTI0N0AD | . cubie feer . .. i vou
must! | [f onky backerowusd music ioio be
rpraduced, the enclosure will do as suon
3 the driver fils inside it!

ihe enclosure showld also be almost aie-
Bght. One way of achieving this = to
gart with a completely-sesled box, then
fodrill & small bale (about 2 mm @) in the
rear panel. This will enable variations of
iimospheric pressera o egualise them-
whes, The amount of leakage 15 correct
when the cone of the mounted driver
takes several seconds §0 recover position
after it Mas been gently pushed a small
mount ifvwards, momentarily held staiion

[ ay and fhen seleased. (M.B. Amplifter

Filched wilf)

Fimally, the walls of the bax mrwist ke solfi-
chantly "solid’. They must nof vibrate — and
therefore contribute to the madition
mider the influence of the sirong presure
changes In the driven box. Stiffenlng ribs
pay be applied if necsssary. Damping
maferjal B not strctly necessarys bul a
fngle pad of plase-wonl or similar macarial,
bitemounted 1 the middle of the ea-

- tieend volwme. will control standing waves
-8 the box. The latter can give audible

iroeble, particulardy if ithe enclosure |4
[aichy large,

| The driveunit itself should in principle

miet theee requirements; it st be able
In handic sufficient power inpat; the
magnet must be large enough to guaranteg
o unvarving Mux through the enlire coil
| during large excursions of the cone: the
emas fisell amt the font-surmound mst
% reasonably stff. [ mws: behave as 2
f Hiton!

dpeciz]l high<compliance woolers using a
nbber front-surround ore less sultabbe for
II-HE application, particularly when in a
Uimall enclosure. When the cone is driven
{Mlwards al high inpuf bevels there is a
“endengy for the sarraund fo be sucked
Smwards!

]
‘ET['IE elactranic multi-way system

ltm best 16 g Lhe slectronic leadspeiker
Eo-_. the woofer in o mulbioway svstem.
uee 3 shows the Block diagram of such

AN ArTAngemeEnt.

The amplifisr Ay 5 a small high-quakity
amplifier (610 wails) which drives onply
the treble loudspeakers). IT desired the
reproduction of mid-range and [wester-
range may be seperated. This can be dope
by means of 3 dividing network after Ay or
By the use of 3 sepante mid-ramge power-
Emp]Tmr Ay (dodted).

The bass drive-unit and amplifier Az to-
gether form the ‘electronic foudepeaker’.
The low-pass step-nétwork described
earlier is Instalted akead of this amplificr.
The combination must meet the reguire-
menly manltioned abave

The block diagram finally includes a buffer
stage with dividing networks for the bass
and treble paths. These networks, like the
lowspass atep network, are built up from
BC sections and buffer circuits.

In g further articls we will dezeribe oodm-
plete two- and Chree-way systems based
on the use of ‘eque-amplifiers'’. Detzils
will be given of the dividing circuits and
measurement resufis, M

(10 be coniined b

ln the t&xt, hgwres and unavobdabde formules
tho followdng pymdbols Buve been uiad:

. = gatic "Blocked') impedared of tha
drive wunit

gy = dynamic Cmotional’l impedance of
ihe drive unic

ZL = otd impedance of the loudsoesde
dhrivé unit

=gy = rEgative {driving-] impedanos

i = paiput impecancs of the amplifles

Zr = fppdbsck senging impedance

By = redised scoustical poaver

¥a = e 0E aor i the spaech cojl

L = imsoming $gnal velings

W =  madifisd amolifeer input woltage

Yz = ourrent-dapendent voliage sooes Ty

L = fesdback waltage

¥ = wvolingo ocross the moticnal impadancs

Ty = vaolmgeacros the sianc impedants

i = goppér resistance of the driving
*voies’) cxil

Ry = Fedddback sersing meertor

f = [Ieachack factor

& = gain al tha driving smglifisr proper

i T DUELPEE SR

|d = imenaity of the “direct’ loudgpanker
radlaticn

Those who need to understand the
underlying theory of the working of
moving-coil loudspeakers usually
try 1o read authoritative textbooks
{which tend to be thick ones),
Many others who really would |ike
to understand are frightened off by
these suthoritative textbooks, Tha
present short article, intended to
accompany the ‘electronie loud-
speaker’ in this istue, outlines the
way in which a knowledge of tha
basics of electrical engineering can
glve aceess to the "'mysteries of the
moving-coil®.

Far simplicity we will deal with the loud-
speaker in 2 stiff airtight ‘aconstic box’
(sommelimes called an ‘infinite baffle em-
closuse’). The mechanical quantities de-
lermining whar goes omo are: force (f),
webaciiy (ul, mass {M], compliznce {C) and
dampine or radiafiion-redziance (D)L The
compliance is the seciprocal of “siiffness®
and describes, in this caze, the sprisglike
behaviour of the cone & it moves against
the suspension 10 canse pressure-changes
i The box.

Electrcal enginesrs describe their sysiems
by drawing “circuit dizerams’ containing
resistance, inductince aad capacitance —
in which applisd voliages cause carents
to flaw dor njected currenty couse voliaze
draps].

It would simplify matiers a grest deal if
wi coild iranslate’ mechanical guantities
mnte equivalenl electrical quantities, and
draw & “cireuil diagram” of the mechanical
BV Elm.

T see whather this is possible, bet us com-
pare the formulae describing the mechanic-
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al svsiem with those for am elecirical
circiit:

= -|I1.l_ - di_ Er i
F—HE.E—C'ﬂ—'.lndf-ﬂu,
respectively:
oot L ML
¥ I.dl:1 'I:d..iruh B-l,

Comparison of Urese bwo sels of fonmulae
suiggeats the “fran=lation':

Foree 1f) ~ yoltage (v}
velozity (ul ~ current (i)
mazs (M) = inductance (L)

compliznce {CF = capacitance (C)
damping { T3] = resistonce (R}

The téxtbooks call  this the “el=cira-
mechanical impedance-iype analogy’. A
mechagieal cireuit tiagram can be drawn,
in which the iaductance symbol repre-
senty tle guantity that “behaves like
inductance — the mass - ond, similady,
dampirg i réprésenied as resistance nnd
compliance as capacitance. The unils are
newtons (force] and mietres-per-second
(veloCity); 50 that circuil values are
meagired in kilegrams (mass), kilograms-
persecond  (damplog) and  meatres-per-
newion |compliance).

The mechanical circuit of the moving-coil
loudspeaker (a1 low []'l:qugn:u?f.s'!l- in a
closed box is given in figure A, The force
exerted by the wvoice-coil is shown as a
force-gamarator (F) with an internal im-
pedznce (£EN) and the ‘radintion load”
on the cone front as an adr-mass (M9 ) and
2comphianee (C5 ) ie series with & radiation
resistapce {Da ), which is whait takes up the
sound power)l

It 15 comvenient to “lump’ impedasce due
io the endosed valume of air in the box
(0 Ty 00 ) together with the impedance
due to the sspension of the drive-unii
iesell (M3 T304 b The mechanical circwit
now slmplifies 1o that of 2 series-tuned
circuil with dampmg. The resanant fre-
gueney is the ‘fendamental respnonce’ of
the loudspeskerinbon. (Al frequencies
ahove 7 few humdred Heriz, other reson-
ances and anti-resonances sfarl Lo oppear
~ standing-wave modes in Lthe box, the
drive=umit’s ‘edze-dip’. flexural wave pal-
tams on the cone sarface of ‘break-up' -
bul these complicstions are fortunately
auiside the scope of this article.)

The noext stepis vo couple the mechanical
circuil of the loudspeaker o an amplifier

SR LSS -

To do this we must suceeed n replicing
the mechanical force geaerator (1) By an
elecirical woltage oo current generator.
The coupling bétween the mechanical and
the elecirical system is described by the
formulae:

f=HBl*iandv=R-|n,

in which B i the magmetic Mux zod 1 is
the wire lenglh of the voire-coil. Using
these formulie we can derve:

B | sl o s R e
=N E Eﬁt—ﬂaim! I_l._BTF E.
Comparisan with the electrical formula:
_ ¥
i=C T

shows [hial in 1his case

M -
[ Bl

Masz, which we orptnally trapsiated as
inductamce, turng out 1o be equivalent
o capacilance! In the same way it can be
shown that compliance is equivalent 1o
industamce, dJamping is eguivalent to con-
|
R
and welocity iz equivalent to voltags.
Finally, n series circult becomes a pasallel
circuit and vige versa,
The *true” elecirical cirduit diagram for
the loudspeaker is shown in fipore B, The
final step & 1o substiiate, for the curment
generator, 3 voltage penentor with an
additional internal impedonee: the ampl-
fier (figure C). For claglty, Lp-Cpg-Loz
and C[,: ore represented os ome (fdy-
namic") impedasce L. The voltage across
ihis impedance (vpd is proportional to the
velocity of the cone (ulin figure A (vp =
Blal) provided B remains consiamt. This
mueans Lhat if the ¢one 35 held stationary (u
= 0, this voltage vp = 0. Iy could be re-
placed by a shart cecuit! The impedance of
the loudspeaker equals &g in this case, the
‘aatie impedance” or "blocked impedance’.
The impedince ‘seen’ 2f the loudspeaker
terminads therefore has two pans. The
wtatic' part — which & (thesratically!)
mdependent of any movement of the coil
— b5 simply the scrics conpection of the
coil’s copper (or pluminium) resisiance
and the inductance due o parls of the
magnetic circuit behaving & an iron core.
Simce It can only he directly measured by

.

ductance (=), foree is equivalent o current

Figura A, "Michamicsl cinouit” of @ loudspasier
im which the muchamicsl elemanis are ropress oied
b syuivalent sbestricnl sirenit symbsnly,

Figere B. Equivalent elecirical circuit of o loud-
ypeaber. This I3 darived from the ‘mechenicsl
sireuit’ of figure & by a transition I two fages,

Figure C. Equivalent &lictrical cirswit ol & com-
Fleie prstem with the amplifier mprepnied by
a valtape source with an imtsmd impedance 7o,
The Frequency characieridic of this #ystem
it datsrmingd by the veristian of voy &nd Aps
with frequency.

Figura D, This graph illustrates the tetal efset,
The dailwd lina skavw the milsense of the
radiaiian rdxtanos |ﬂ3i wn ihi recliatisd adoi-
tiesl powar [P bz 2 riss ol B dflfee up 18 8 cermain
{'eritieal'| frogquency, which is sebitrarily chasen
In1his graph s 500 Hz [f). The dotted line
shawa tho influsnes of th lew-pais ITleer & déep
of & dSfoct abova tha ewt-ol fraguancy (i,
arbizrarily chosen as 40 Hz|. Finally, the full Ene
shaws the result: a *flxt” msponss hetwesn §4 and

f3.

preventing coil-movements — forexample
with cement — this pert i often called the
‘blocked impedance” (£

When the coil is permitted to move normal-
Iy the “elecirodynamic’ coupling between
the mechanical and electrical circuits give
rise to the other part of the loudspeaker’s
impedance: the pamllel-resonani-circwii-
wilh-damping described above, This parr
g called the ‘motioral npedance’ (2.
The redlstonce In paraliel 1o Zp (Rp3) s
digrived from Dy in figuee A e sir radia-
thon recisrance. This is a true (mechanicall
resistance. in other words the scowstical
energy By =u¥ =Dy, while in the electrical
cquivalent Po = it+E,  We hove
showm that w & proportional tovp (vp =
Btlul, 5o thar:

Fu - o \'D‘ 'D].

Conclusions:

The abjective of operaling the lowdspeaker
is [0 obixin a ‘(20" feequency esponse.
Thiz means finding 3 way to ensure that
the dissipalien in the madialion neSstance

1= =
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15 mdependent of frequency. This dissipa-
ttom iz affected in two ways:
I} The volioge

is freguency=dependsnt duoe to the im-
pedances 19, _Is anif Lg.

2y Furibermore, the radiation resistance
{133 ) is mot constani: € rises proposticnatly
i the square of the freqeency up to a
certain frequency (uspally beiwesn 300 Hz
and | EkEHz). Above that freguency if
remains consiant,

The firsl problem ¢an be conndered by
armanging for the power amplifier to hove
o nepative output impedance, sich (hat
£a = =Zg. In this cose

Zp
In+i, _I:

The varation m radinion reasienc: can
olzy be compenzated in a armple wav: an
imcrease in power proportional to the
square of the frequency is equivalent 1o a
rise of & dBjoct. This can be compensated
by a simpie 6 dBfoct low-pass filter in
frant of the pmplifier

When both {echniguees are vsed, the result-
ing fraquency response risesat 6 dBfoct up
o the oat-oif frequency of the low-poss
fiter, and from there on remains “fat” up
to the frequency where Oy beoomes con-
stant (somewhers zbove 300 Hz} {(ses
fegure Dk

This means an almost ideal bass response,
independent of the volume of the cabinst!
The volume only influences the efficiensy
of the system, oot the ffeguency response.
The demands plsced on the loudspeaker
aré that the msgnetic system must be
‘spod” (the fhix must remain Consiint
during &ll movements of the volee-gaill;
that the cone and is surround must be
sufficiently stiff (1o operote 23 8 pistond;
and that it must be able 1o handle suffi-
cient power,

The cobinel is only of secondary impor-
ance, provided it is s and airtight — and
proviled the lowdspeaker fits inside!

wy = w=vw
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TARM TrER

Many cwners of model railways want their
“wiorld of trains’ to be & realistic as possible. A
means of imitating the sound of a real steam train

is, therefore, more than welcome,

This article describes & simple
n meathod of building an electronic

circuit of few components that

will produce the required sound. To add even maore authenticity, the rhythm

of the steam train scund is reguiated automatically and
propartional to the speed of the tram.

is prectically

Parts list

Aesiszoos:

Ry =d4k7
Ay =1k
Ay = 330 £
Ay =450
Ag = d%7
A =40 03
Ry = 0k
Fg =470k
Rg = 6%B
RH:I a 1M
RAyy =330k

Capacitogs:
Cy = 2300, 16V
Cp=100n
C3=8n2
Cy= 33N
Cg - 880 p

Cg=2n7
Ey=10n
Gg=10n

£y = In7

Aya= 2Tk
Ryg= 10k |
Ayq= 10k
Ayg=Bk3
Ayg= 27k
Ryy=30k
H|a= IOk |
Ryg= 10k |
Rog= 100K |
R21=ﬂut
Py = k7 Hin, |
FE = 10 k, Erimredr |

Semiconductars
Ty.ToTgT7.Tg=TUN

Tz Ty Ts = TLIF |
D03 04a = [ELIS

Lmgprd

Figure 1. The slecirges
sfRmm train oircuit

Figure . Circiail da-
gram for powsr wwpply,




