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A SURVEY OF PRINCIPLES OF
FRACTICAL IMPOQRTANCE, AND
LSES QF SUCH CIRCLATS

By L. M. Mash

./4 WUMBER of very wseful and therough

practicel articles have appeared Im recent meaths
n PracTicaL WIRELESS and FMractical Telovision
gonoerning  feciifiers, rectifier  ocircwits, metal
regtifiers, erystel dicdes, ere. It i& aow Tell that a
useful addition to this series would be 2 practical
discussion of power-rectifier circwits in particular,
and consequently the awlhor has compiled the
present arficle feom his awn practica) eXpetiepee in
the workshop, in building the mosl varied of such
circulty,

Yaried Circouite

After a prefiminary discussion of some Tmportant
general principles, and & bricf survey of conven-
tivipl gircuite as a brief recapitulation of more
Gatalled rmaterial in pasl articles, the author will
proceed o inmroduce a2 tumber of more undsugl
and uoconyeniicnal power-rectifler circuite, poini-
ing out their individeal sdvantages and  dls-
sdvantgges. These gircoits form the acturl main
subject of this article. All eicouits given bave
actually been buill vod used by the aplthor, pritci-
pally in the form of the powet-supplv parien of
g chassis of cquipment, Where actual componant
vulined mre quated in the diagrams, these may be
nzed directly by comsiruciors if they wish w0 buikd
apy of the circuits concerned s power-supply
partiont of o chassis of equipment far any plurpase
they may desite. All circuils bearing specibe comm-
pement values have baen built and proved by the
eglhor. Thase circuits intended to tllustrate anly
a_principle, however, will besr 3 pote ta that
£ffect since some component valuse spectfied will
be approximgate, and the circuits should then ba
treated merely ax the basis for the constructor’s
OWD EXDPLImMEnts.

Maturzlly, if the same rircoit is desived, hut &
differant output voltape or current or both, madi-
Eeptiony may bBe ReCERSAMY #ven 10 those component
values sperified, Tr is highly fikely that the con-
structar will have gained sofficlent knowledge Erom
thin® mrticle and other rectifier-nrtictes in this

nd 1o be akle to udge the extent and dlree-
fion of Auch possibly necessary modifications.

Gonstruction and Layeun

T T3 aptumed that almost all power-rectifisr
wrcudts ¢onnecied wilh the normel experimenter's

common and
uncommon

work receive a T0u/s mains-frequency input, mo that
ull questions of criticel layout and. shart wirlng as
atising i high-frequency cioeuits do mot apply
here. The luyowt is thus oot ln apy way eriticul
in any of the circaits, end leads pf even consider-
able length are perfectly tolerable if dectmed
aevessury for any pamicular purpose, such os
bringing 2 pacticular switch or fuse to the fronat
pancl, ete.

Far more important iz the question of pdegquate
end substantial tosulation. Mavy moders wirds
wilh plastic insulation softem at relatively low
temperatorgs, and it 4 inadyisable, for example,
to run such wires unproteced hard agginst Tores
of tramifarmers which heat cp comsidecebly In
normal eperation, A good guality oll-fabric kleev-
ing shoudd be used {or such wires at 8!l such
danger points, and [or yoltgged above abont 500 it
is the author's %ractice M use two sueh sleevinge
puihed over each other, baving different diamebers
tn suit. Al lends going through the chassic should
be protecied by substaptial rubber grommets.
Apart from the danger of meéchanical damage by
chaling, wnprotecied’ chassis holes for wires pro-
mole danger nof Aashover ot hipher valieges, die
to the conegtitrgtion of the clectrostafic feld at
shorp wvorners.  This ia very important here,
hecause 1t 18 for the variouk Higher veltepe recti-
fier circufmy that the full pdvanlages of thé nnusual
ciccuits o he mtroducod L ibiy artigle become
apparent.

Ml Pt e
- o

—
1 i

awitchirg on
AT, Inprit

et

{a) LH

Flg. la—A fuse taken diraet from the tronsformer ta
the ractifier wauld be Mhely to blow eosily on switching
on, tum to the charging surpe of tha resarvolr congenss: !

B--with @ volve reciifier, the condenser chorges
miors Howly o5 the valve hegte up.
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Funing Considerations

It [a nzoessary to pee switches of adequate
valiage rating, xnd [0 pay dpmpur altention to any
Fuses [hat may be desmed oecessary. A fuse in

lead direct from the trapsformer to the
rechifier protects ggajdst rectifier wnd sewothing
copdenser faulin gs Wil a3 output averloads, but
hos Ihe disodvenige of casily Blowing upon
switching om, due b0 the -:I:argn}F surge of the
reservdir condenzer {Fig. la). his frouble i3
present §f A metal rectifier is vsed. With 2 walve
rectifier, the restryoit conderser clarges more
slowly a3 Ihg valve hears up, and thua thiz form
of fuse is then mare applicable (Fig. 10}

1t ja of Course necessary o yse a sufficient
numbar of fusea to endure. complete cut-off in tha
event of a failure, This, in the conventlonal Pull-
wave valve recliffer cirevit of Flg. 2, 1 single fuse
Elar:ed at A will prateer against outpnt overloads,

wt a pair of fuses 53 necessary at B and C fo
protéer adequately against internal faulis of the
-eircuit as well gy cutput owerloady. A single fuze
ot B is to be considered dangerous, as in the
event of a short berwesn ancde mnd cathode of
o dinde, the franatormer winding bs then shorted
through the pther diode on one Ralf-cycle. which
rénders the fransfer of the fuse Irom A o D
pointhess.

Comprehemive Protection

In small power wnitt of normal voltage output,
kn- cutput fuse at A and 8 malns fuse jn the
trapsformeer primory ciceust (which takes care of
Intermal faults) are sufficient. But for high-voltage
or high power uniks, this simple protection is not
sufficient. If wother oircuits (heaters, subaidiary
HT. volinges, 2te} are fed from the same larpe
transformer, it may be impossible o make the
raling of the mains primary Fase low enough for it
to blow before excessive fault esrrents eould Now
in the faulty recifier eircuit in guestion. Tm snch
cases fuees ot eueh pesitions.az B and C in Fig. 2
are necessary. For sonventional rectifier cireurts,
the matier oeed aot be taken too eritically, but for
the more gmrsnel gircwits, where . Fults eould have
2 whole chuin of expensive consequences, proper
fuse protection is well worth rhe extra eupense
atd frouble. Thin does not mean that the ubusual
cefenith here to be discussed are in any way un-
relisble or prone to breskdewn due 0 improper
operation of compaoends ather than under specificd
counditlons. Om the contraty, oo eomponepts are
operated under other than perinissible canditions
i the specified elrcuits, and the author has Feund a
high degree of refliabillty of such circuirs, under
pericds of contlouows eperation even as lpop a¥ a
week 4l a bime,

Modulation Hum

A tectificr is the bails of narmal detector
cirenils, as will e known ta all experimenrers. The
question of " deteetion ™, i.e. removal of the xodio
or video signal Mrom the medelated R.F. currier,
is in principle little different Erom the reversse pro-
cess, that of ™ modwlation ™ of the R.F. currier
'with the audio signal al the trenshiitter, so that in

riocepds the same rectifier cirguil cowld function
ar both purpuses,

Lf in aoy way the wiring connected to a pawer
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rectifier picks op an R.F. signal, over the malna
wiring im the "house, or by any other availabls
procezs, then the rectifier (he it & valve or o mel
rectifier, that mukes no ilference) will invoriably
madulate this picked-up signal with the 3c/s mains
hum, in addition to any modulation i oy already
have. IF now the same circumstances which led
the rectifitr wiring to receive the R.F. stgnal enable
it to be radisled again, then gy receiver pickiog up
thls rte-radiated signel cannet disdpguish  ¢he
original modulation from the distunt transmitter
fram this loral = modulation hum ™. Consequen by
B powerful hum is present on (he rndie concerngd,
bul only when stationt are tuned in. MNormally
only local statioms are affecied, ps distant weak
srations provide insofllcient signal at the power
rectifier. Howewer, it is perfeclly possible for ovan
weak sfationa to be affected if the power cectitier
cilvil picks vp and modutades an R.F. sighal and
re-radiales it b an [LF. stage in a poorly screensd
recelvet. In such 2 gass hum will be precent as
00N a8 poy station whalsoever is funed in.

¢ ] R

Fig. 2 (above)-—Possible positions for fuses in o full-
RrdYl PCTITEF CirGUE.

big. 3 (below)—Shunting o condenser ocress o power
 rectifier, to rermove modulacion hirn.
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MNow for the praciical consequences of thiz dis
cussion! ‘Dwo measures are avaifshle tp combat
modulation bum, The first 13 10 render the power
reclifigs thoperative as a rectifier For RUF. whelkt
belng unafMecezd at mams freguency. This s
athieved by shunting & congdenscr across it bahwean
anede and cathode, Mualurally, this shunt enndetiser
{=ee Fig. 3 forms an AC. bleeder ropether with
the reservoir copdensay, anmd thos increases the
AL tipple vn the 1D, owtput. Thos there ix
an ui?;pﬂ limit 1a the size of the shunt condenser
usable. It is a good rule of thumb to use & shogg-
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capacity of about 1% of the value of the reservoir
condenzer nsed, but not exceedng 0-1uF.

The second measurd is Lo assign the rectifier a
proper plece on the chassis in relation to other
cirewits, The power rectificr should always bo ad
fur away [rom all B.F. and [L.F. circoits as possible,
and the latter shonld be adequately screened, lor
thiz and other reasons. A mains transformer wilh a
ghield bebween primary wnd secordary is very belp-
ful. In high-volape cirewits, where shunt-con-
densera ackoss the rectifiers may be impossible,
becanze maximuin valwes talerable on accoimt of
the oo vahwees neod for the reservoir condenser ara
useless to shunt B.F., it may be oecessary o Use a
poed transformer with s seeeen and build  the
whole, rectifier cincuit inte a screcoing can. But
guch severe cascs shovuld be extremely rare.

Neighbouring Recelyers

Tt must be added on.this topic that the author
has several times been called open to Topeir a
recciver -suffering Erom “ severe hum ™, and finally
cured the Fault by shuniing the rectifiers in-a radio
beloapring 10 a completely ditferent family, in some
cases several foors removed im the same house.
Carcful work with a portable diregtion-finding
recoiver was mecessary to locate the oflender, and
siich work 12 really the job of GPO interference-
tracing wanr. [t i3 here mentioned merely as an
cxample of the surprising mange. of re-radiated
gignals with madulation bhum, vnder * Favourable ™
condiliopa. One can cause considerable annoyance
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fo one's neighbours with an unswitable rectifer
cirenit, as well ax impair the performanes of ane's
ow equipment. Notooony offenders are ACTC.
sets drawing H.T. thwough a rectifier conpected
ditect to the mains, as thizs arrangement offers easy
entry and exit of ®.F. signals over the mains, Sets
using a transformer are far better, and in meoy
£aze5 he RLF. Tosses of (e mains transformer are
high eoough to remowve all trace. of modulation
bum even without rechfier-shunt cdndensers.
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It is wvirtmally impoasihle eyer o make an
AC/DC, sct tun free of medulation hutm without
a shunt~-condenser, which thet (akeys a famlliar
simple form of 3 0-1pF condenser skraight across
the mains mpul te the zet. Whilst rhis measure
virtoally cures modolation bum in the set crm-
cerncd, it iz sometimes less effeclive 1a older
domcstic mains installalions ucivp long runs of
wire without conduwit, which function as eficient
acrials. In such cases, the addition of (be ifems in
Fig. 4 may help.

Paak [rverse Voitoge and A.C. Input Rating

The peak inverse volftage of a reclifier is the
maximum woltage it can withsmnd in the non-
conducting direction {i.e., with anode negative and
vathode positive) without breakdowmn. The AC
fnput rafung is the maximum permissiple Fm,
voltsre output of the (Tapsformer winding [eeding
the rectifier and smoothing cirenits. Somalimes the
pne and sometmes lhe other is guoted in the
charuclersdics [or a rectifier, and there gxisln a
definile relation betwecn the lwo,

Considering the simple convénlional half-wave
rectifticr cirpwit of TFig. 5, it is clear that the
rerervair condenser charges up until it teaches a
DL voliage equal to the peak of the applied A.C.
vollape. Now this peak is roughly one-and-a-half
times the rms valee for the maini: sive wave
fexactly, peak=1.414 r.m.s.).

[nverse ¥oltoge Stresy

On the sobsequent half-cycle, in which the
rectifier is blocked because the transformes vallapa
has reversed, the peak condenser vollape and tha
negative peak tramsformer . voltape (another one-
an{l-ﬁ-halFr.m-s.'} act additively in serigz.across the
rectifier in (he noo-conducting  inverss ™) direc-
tion. Thus, the total inverse yoltage atress on the
rectifier is fhree times the AC, A vollaps out-
put of the transformer. :

Thus for 3 350V rms. AC. transformer wind-
ing, the rectifiers most be rated for * 330% AL
input 7, or for * 10MDY peak inverse woltage ”, both
statements amounting to the same thing. - T (& thig
factor which limits the wse of metal rectifiers at
the higher volluges. In principle, svificient ele-
ments of metal rectificrs may be - connected in
geries to withstand the inverse vollage, bui this
becomes prohibitively expensive i high-cerrent
operation 15 desired, In such cases ope finds valves
mare eootatnical. :

Yolvar

At normal H.T. current ralinpgs of 30mA 14
100mA it is al present relatively uneconomical to
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Fig. do—Basic Rolf-wore rectifler circwi,
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{d} tat
Fig, &b—Posiliveoutput heff-wave rectifior circlit:
€ dnd §—negative-ouipin half-wave rectiflar clrouits,
e—abioining pesitive ond negative auiputs simeh-
iebusly in g half-wiovs cirguil,

ednstrigt metal rectifier elements for AC. input
voltepes excecding at lhe very most 500V (paak
inverse voliage {3001, though series piles of elementy
for low-curreni EHT rectifiers ace relatively cheap
gnd common, ¢ven up to° AL, inputs of maoy
thousgnds of. volts. The modern developients in
sligon power-liodes capabls of carrving corrents
up Io some amps in the larper typen have a prezent
peak inveree voltupe limit of abour P00, sg that
maximum- AC, iuﬁtts of about 23S0V are permis-
sible. There iz nothing sxcept the priee, (o peavent
the nse of two or more such dindes in series fta
pchease the volmpe rating in direct pooportiond,
but & yelve would glmpst always be more econo-
mical i guch cases. The silicon diodes peed a heat
mk in the form of & meta]l plate to which they
are bolted, und if several such dicdes are connectad
il series, the hear sinks will e nt differeat
potentials, and must be adegquately lnsufated, This
ean  introdube  problesns  outweighipg the  dis-
advaniapges of a valve rectifier in the particular
application envisaged,

Comblpetion of Rectifier Typar

The aathor i of the opinion that the * valve
rechifier wersts metal rectifier”’ controversy is largely
futile.” The truth is thal the scope open i the
- coostrucldr has béen eariched by Lhe availabilty
of bath types of rectifier. There ure a number of
kpplications where the tdeal solution of a prablem
Wvolves the. use of a fmixed circuite using bath
valve and  metal - rectifiers, as will become
spparanl in. the vourse of this article. However, a4
4 generd] principle, valves score on their high
iverse yaltage rating, bur are clumsy and require
keater wvoltagd, aod geaecaic appreciably more
beat. Metal rectificrs of copper oxide, seletiven or
silicon types scarc on high current rafings, but
have lmlted inverse valtage rating,. As g respln
modern circull praciice hys  justifably relegaicd
vadves ta the higher volage sirciuts.
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. When connecting meial rectfiery In s2rics to
increase the yoltage ratl noly identfeal types
may bt used m emch serts coanecton, ai the
geries-contiection of diffdren! types wiih diferent
inverse reslstuncss cannot enable the desired equal
sharing of voltege o be roalised. To allow for
olerances, 1t is ot pdvidable 1o Tun 2 pair of seriey
connected rectificrs to w voltage bigher than I}
times the rating of m single rectifer of the same
[y pe.

Conventiomol Half-wave Rectifiar Circules

The rectifier dlodes in all the following ST
of conventional (ype have begn drawn [n the form
af valves, They are of course egually ;Eplica.blp lo
the use of mwtal rectifiers or silicon dlodes, beariog
1 mynd the remarks in Lhe prévious parggraph.

Fig. &2 gives details of the Eim.[:lll‘.:ET conventianal
reciifier cifcuit, the ™ holl-wave ™ ciceuit, together
with the mott cummen eguivalemt symhaols for
valven and otber types of rectiier, It in very
impariant that the constucior familinelse Blom=elf
with rthe soeepted circuitl symbols and representa-
tinn of pelarity of rectifiers because connection
of a reetfler with wrong pelorily in s circuif can
kad to scrious cobsequenpes, IF i conventions! to
make the thin Ilne of 3 metal rectifier symbat
correspond o the wvilve-cathode, and this ope-
responils to the terminal marked ¥ + " or " rad ™
or-= cathode ™ in p metal rectifier, The * thangle =
of " arraw ™ of the tnetal Tootifier symbol comess
poods bt the vafve anode.

Chautis Conmactians

According to which side of the DO gmrput
of the half-wave circult of Fig. 62 it &on-
nected to chassis {carthad), we can ft A megative
OT A potitive eotpit voltige with respect t0
chussis, a8 shown in Figs &b apd 6o, The
Ypositive’ Forny of Fig. &b is uzed for HT. supplics
im AL DU, sets, where the manstormer winding
of the disgram je acirally replaced direcily by the
maing, Fig, 6k [3 need ds 1L gtands, with input from
a2 mainis transfprmer secondsty winding of the
desired voltage, in H'T. supplies lfor the simpler
forms of A.C. mains radios, amplifiers, ete, whers
tha edrfent drain §s oot high enough o warrant
the expente of the more elicieny foll-wave ciroyit
The ' negative" wversion of Fig, Ge is often med
ter dprnwd-e the Inpyt -D.C. woltage th 5 pepalive
grid-bias voltage bleeder chain m soch circome-
Slances whith require higher grid biss voltages
than are eaqily obtamable hy :ﬁ'e unse of cathode
resisfors for the valves, ar other conventional
méthods. An independent grid-bias supply of this
lype alsa has the edvantage of greater stability and
of fundamental indepandence from the anndas
carrants lowrng im the valve srcuity being bigred.

Lhe ball-wave rectlfier circnit of Figs.. 6 3 (oo#
derives its name From ins simple furiction. When the
transformer winding voltage is of the same polarily
ns ibe oltimate cutput IZ.'l('a voltage. ie. an alternate
hatf cycles of the AC. waveform. the cectifler
cpnducts 1o charge e smuoothing condensers. On
the nther half-cycles, the rectifier is blocked, and
the inverse yaltage. disqussed jn the previous
naragiaph, ik apetatlve seross the rectifler.

(o be conridued)



