ORJROTIVES I¥ “IGH PIDELITY AMPLIPIVR DESION B

Anligh Tidelity Amplifier Built
ta Ummal ldeas of Response Curves

By Moherd &, Narven

To design an smplifier having high fidelity characteristics one must first
establish an odjestive ns %o the ty e of respomse curve to wosk for. 7Thich givesg
the most sleasing effect to the ear? I3 o stradght-line woltoge churneteristie
at the gpeaicer most de:irable? '

These cupstions consgituted the key iden around which the omplifier coversd
fn thie article was developed, after iwo years of niciduoug experimentation.

The result is sorething remariksbly pleasing to the enr, an inetrument o. extreme
range with tonw 8o rish, o full and brililant =s to be fairly descrided as
high high.fidelity respones,

We mugt atart ~t the ocuteet with the cmception thnt perfect re-creation of
the original sound is imjossidle. “het coues cut of the specker is rrully & new
and 44fferent scund; and that sound must de ziven quelities by means of design
features in the instrmment iteelf th-t maie the recult plensing to the ear re=
gardless of what the rezpmee curves may szy. The ides i3 comuarable tc the
retouching of a photegraph.

# ;m look at the regponse eurves raproduced with this article you ﬁ)s;:ia/
at first glance say they indicate tremendous distortion, Wt for reszons to be

disoussed Shey do in fact Indicete tome that has great enr sppesl,

Iet us at this point refer to fig. 1 which is the Jjoint responge of the
amplifier -ni its associsnted droadenst reeeiver, Following the line mariced
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*normal” which is the response with eontrols in "mormal® pogition, there is
indicated a bc.msf. of 13.5 dDb at 20 ops and 2 boost of 35 db at 15,000 cpae

A% this polnt it might be well Vo emph.size that the curves asre frow reaiings
of an output meter -cros: the voiee coil of the gpesker and not across a resistive
load, It secemdd thts was the logicul method of correlating electrical response
with sound effecte in an expsrimentsl develogment because fregquensy ro:yonse
varies with the particular spealoer used.

In d&scussing the rezsoas such & curve can represent Lrilliamee znd full,
rioh, bal:nced tone gualisy, let us start with 2 consideration of the high free.
quency end, ilisnoe of tone rosults from reproducing gffectively the over.
tones. It is by effective amplification in the reglan betweem 5,000 andi 1C,000
eps that brnumee in the oubput sound is cmtcd M“ o‘?‘h—&a&huw
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of tmnminlcngw whkeh ragy of the harmonics fedd 3o e mﬂd.
mby malcing th,@fnéa#. of the frequencies that are present gompensate to a large
oxtent for the missing elomefzts. “l/

Fithout sueh boost ,\t;:; ;ound ou&:,ut at the high frequsancies tends to fall
ofif with increasing rapidity. ihem tranglated into souml the steep boost showm
in the curve is nob what it seems. A large part unly coppensates {or loss. k:éul
that it hel s to comyensate for the missing hamounics at the extreme high end.

The effect of this amplification is well demunstrated in listening to ceriain
of ths transcrided programs, whose tranmmissim rangs ie even more limited than
live Mﬁ. Because of the increesed amplification of the harmonies, some
of these rograms sound as brilliant as live transmiscias.

It should theoritedlly bde desirable to compensate likewise for lost fre.
queneies =zbove the 10,000 nerk by means of 2n inerezsing slops. Above 10,000,
however, it is 417ficult to accamplish and s actuslly unnecessary. 7o the ear

Shere is little difference betscen muslc omtaining 15,000 eyole Lemunics and
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that which {3 limited 80 10,000, Further, th;n is nothing tranmmitied/eve

on P that materially sdds to the quality of the repredusticm; at least, such
is the writer's aonelusion after recent listening tests on Fi with an amplifiey
having a rising characteristic of at least 40 4b per oetave at the exirems
frequencies. The mojor inoresse was that of backeround W .

It is important to em.basize that while Boosting in the 5000-10,000 zne
we muat he careful not to boost much in the 3000 oycle region, A% 3000 both
ppavatus and ear are pretty efficlient. Tost in thig reglon will produse
soreechy effects and destroy the elemdnt of balanse. M8 beyond th-t point go
as fer 28 you like. The «witer in his experiments increased step by step the
slope of the curve to the greatest poesible extent.

N¥ow on the !_mu ond gomewhat similar re:soning holds true, | If you will

again cefer %o fig. 1 you will notige the rise in the 1ine bezins at 100 eycles
and n&o@t of the boost is below {t. Sinee it ia at these extreme low frequencies

that efficienoies fall off, we csm, so long us it 1s confined to this regim, stand



<me To the ear the
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effect i3 not exaggerated. We have trought up in S$i» reproduction the low Deem-

e ofthomnﬁuwﬁ mmum.mmdmxnumm..
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fHe meter mmu indioates mmma outpud as low as 5 eps.
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There is u\hfhtwmm botween Sle of iciendies at ‘both ends of the
'soale; for 18 is only beesuse of reashing the extremes on $he low end that it
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is posstble to maintain them on the other. No clwacteristic of an amplifier is

more im ortant than balanse am.ng the bass, middiles and highs, If you eut off

at one end you must also eut off or eut down at the other. Right lere s

snother e:scn for dbrillisnes; because it is unnecesssry to cut down or reduce

the amplification of the highs to offget lsck of reprodustion st the low ln&. )
thoss overtones which oscur in the middle of the rangs apd at the beghmning f\ ’(/ff# N
of the w frequenoy end are mum in proper balanes, We can afford to rey;i\ ------- e

codioy O P Hgrted oo
of owrm: thet mku for brilliance,

thet 1t 1s e e
- Wbile paying attemtion $o the right and left, theliddle must not be for-
gotten, for it is easily possible $0 get & tyoe of repreodustion that is mostly
highs and lows while t0 the ear it -4hem appears the middle frequencies are lacking
sltogether. The ecar must juige when this proper balanse has been attaimed.

From the-famsb-of confining the bags boost to ’tha low lwi ooeurs a most
iaportant rnult. It is the answer to a %ﬁ;;:h“ ai:ad little discussim in
print. !h&x :éthp cammon heaviness on weiee, thst thickening effeat which
produces tho W *radioc voise." ihy is it the typieal m home regeiver
may pmtdo& pleasing ‘fﬁ%ﬂg on mu and yot wh ‘ iH -* f< oY

L

@t a typical "r-dio* -tMtA nare eapnunr vhen ths spesker ig a deep.voiced

person! Some of ‘his sudk of curse be atirituted o i traneniesin, bub mere ../t
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of the answer ig-in ihc vass ioonl;\m too high up in the frequency seals.
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Distortion mm oreated =t frequensies just above the lowest which:is not
—  apparent to the ear on musie beesuse the effest is not unplessmnt, but it does show

up strongly when the deep.wolced speaker caws on $)» aly.



wl

Most velces don't go below 100 ops. I keeping mest-af-the rise below this
frequenay, ]mwiun sound very natural indeed even though the musio is rich
end full of bass. For o-dinavy ;;nr;‘ms 1t is unnecessary in ouwr amplifier to
d0 much with the tone emtrals. You are listening %o the deepest vibrations of
the orgen; the amouneer cones on-yet he sounis quite natwral, guh only a trage
of that heaviness on t!-a deepost voieces, Now gomee a%lbrimn and 01111
you dm 't feel .impelled to troudle yoursslf to throw $he bass control into a
1ighter posi.tion,

This same faotor is likewise responsible for another surprising quality in
the mugic. It seems to hnve surprising elarity. Bcaunses the bees does not overrua
and obliterate the medium low and widdle frequency instruments, they scem to

stand out individually.

Baving diacusesed the t-pe of reasoning deghind the design, some of whieh
develoged on the way 25 a vemuit of sxperiments with straight-line chameteristics,
let us délvm into what features of the decign malke the desired surves possidle,

Feedduok wus the ity idea sdopted, but feedbadk in a special way. It wns
obvioua that for feedd ek to mocomplish the kind of results inmdicated it had ¢o
bo stlective Seedbaek, The fi:al scheme, thehet result of many ex erimental

hooku s, is g stlegtive feed-back svatem
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low fwquaencies. ‘Tere sre other items but this is the ono th-t produces the

major co:tridution to the effect. This feeddack system is shown in fig. 8. Let
us follow this oircuit , set off in heavy lines.

Teking voltage from across the voice ooil, it feeds 1% back in series with
the cathode of the second triole section of the 7FY tuds. The network consists
essentially of two parts - B high.pmss filter and & low.pass filter, The high-
pass section aomrcins 15, C16 amd :n'r. esgh of 100 mf in the line, and across
the line are resistors R19 of 200 o:m[ B2 of 100 ohmss Plus R12 of 100 ohms
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in thi cathode cireuit. The low.paes section Gonsists of chokes OH 2 and CH3
with a 500 ohm resistor RZl across the first and .02 eondenser &g scross the
gsecond, plus Cl9 across the feedbask line.

This is seleotive feeddutk, the selection arising from the seme kind of
att/muation Shat takes place in the coupling condenser of a resistamse-soupled
amplifier stage, where frequencies fall off at s r«te varying with the sise of
the gondenser. The values of 100 mf in combinetion with 100 ohme effectively
feed back negatively domm to 50 gyoles; st the s-me time the two choke combin tioms
ngymlmmmlmuut the amount of feed.back =t the high
frequencies. The net result is dressased amplifieation of the middles fym §0
eyeles up %o around 3000, in effect boosting the mplificatiun cubside th:t range,

Instead of one, there sre threo eon&mnm in series. The tric provide
sharper cut.off at the low fmqhw end;: but more important, there is s phage.
shifting action whoch makes the feedd ok positive a2t the extreme low frequency
end, and anc to the choludes, slightly positive at the other,

*‘ﬁn Moot fm the bass enduis cansidambl& Partly responsidle is -the-fast
§* 2 t!u resonant frequeney of the -pmr, tau: in 1ts rsnge, Prom fig, 3 1%
will be nted there is 2 maxismm Doost of 44 4b at XD cycles, Tash of the three
conlensers and its assosiated reeistor causes a sertain mmount of -hase shift
at frequencies wivre tle reactance of the emdemser is apireciadly large in

‘eomparison %o its following resistor - $hst is, st frequencies below 50; =2nd in

passing through three sush condenser cambinatimse there is a gradual reversal J
phase thet nicely solves o problem of getting a large amount of doost.

That this yesitive effect is ;resent is shown by the fm&i;mt Ho-arvosalt
of the feedinsk- the (ein at the dass end is mush creater tnm i loss of gin
at the middle freguencies. Vasluss of filter m,,ﬁgmwa were seleeted to give
greatest possible rise at both endg while st the same time maintaining the
emplifier stedle. |

To eontral the btamp at the bass end a8 siz position switeh 52 e used. It
simply -huah a different valus of cmdenser or a resistor and eonienser in series
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asfoss the high-pass filter ssction. JIts six poitions range from full effective.
mwes $0 complete short oirguit. From "normel position 2 it caa attenuate 4 db or
doost 38 db at D cyeles,

For tredle tone control potentioveter HIO is used., The feedmakr filter wag
sdjusted to provide "normal® with this control at cenmter, providing thus abdility
both to inerease oxd decrease high frequensy reasponse. The taper on this control
should be 078 in which the condenss - is shunted ncross 9/10 of the resistence £
mid.pogition, A% 3000 eyeles this contrel ean hoost 5 db or utmmh g ab,

Its offectiveness is most noticeable bdetween 1000 and 4000, The W of B0
i1s shown in the eurve of figz. 4.

To take full advent:ge of the rhilities of the amplifier it was necessary

C Ayt ke

to Aot-vo 1004&\,;&3 quality in the receiver i%self. The receiver
disgromaed in fig. 5 ws 't!nrefcro speoially dogigned to go with it ... 2 siaple
TRI' receiver which bdecause of i¢s broad-tuning eharacteristic gives little cutting
of sidebandg., It has two 83K7 tumed stages feeding into & reagistance-coujled
“iode detestor and has sutamntie volume comtroly with a large tize-canbastant to
prevent low frequency dogemeration. Resistors have been noorporated across the
£rid ooils to stop any leaning toward ogseillation whieh would deorease dand width
ani sreate hiss, There is practidally no loss in the high frequency regonm
seleativity or bypass effects, and no station hisa, even on weak stations,
Includod with the receiver is a triode aulio pre.amplifier etage. At this
podnt we have taken advantage of a further opportunity to increass the eoWMm
provided in the amplifier by inserting smother filter eircuit. From the diagram
in fig. 5 it will be noted Shis filter is in two ;grh - gn8 before the re.ampli.
fier stage ond one immediztely beyond it. bae consists of a resistanse-capactty
egualiser $0 boost both bass and tredle, The other geedden consicts of 2 number

of thinzs whish will de best described in commection with the three-position
" progfam ewiteh,’
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Ia "normal® or "high fidelity”® position we hove in the cirouit R44 and
045 to boost treble. In semter position we have added into the eireuit a 10 XO
beatnote filter. Due %o the rposely dreed tuning of the receiver, beat notes
sare provalent at aight anl this is & necessity. In position3 both highs emi lows
are out dowa by inserting wm/?ng?& line and A43 and C4A8 aeross the line, st the
same time shorting out the original R44 snd C46 used with position 1. "ﬂnhat-
note filter remains in the cireuit likewiss in "voice' pomition.

The reduction in gain preceding the audio amplifier stage iz juet sufficiemt
to bewer signal stvength on gtrong stations %0 & point where mo overlosding of the
stages ocours. For hrosdeast recsption them the volune control can be placed at
tht 1nput of the main smplifier with i8s eoneequent elimination of arosgtalic.

¢!

| / In fig. 1 %0 which we have previously referred is tis fingl comdined ourve
of receiver and asmplifier. Ry comparison of figs. 1, 3 ard 4 1t will be noted
thore is a2 material change in the charmoter of the curve at both enls over that
of the smplifier itself. Mass anl treble Doosts are increased. The 10 XC filter
gives an attemuation of about 30 db ani thers is attenuation to .14 &b at 100
eycles in the "voice" position.

After the receiver comes the prodlem of the phomograpi, The writer m mede
hundreds of experiments with abi-icindsof equalizer sombinetions, checking results
with listening teants and response u%Mh on all kinds of records sid with
a number of different types of pick-up., In detemmining thn kind of gyt em that
will bes. please the ear the matter is omplicated by ammatima of scrateh
elimination, distortion and rumble. It 'u possible to get many kinmds of respomse
from differert kinds of egualiser hookups. Individually many of them sound
apparently pleasing. Again the ear must bYe the Judge of mhat u beat M'mr 0t

o

parism. Astually an equaliser that gives pleasing tone mmm W of record
may not b so good with another. Records vary mush in their characteristics.
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The response curves shown in fig. 8 are thme whuh tln wrriter has decided
are best for the aversge retond. The two ma m Wuf stmﬁw& tast
resords Vietor £4522.A and Columbia 10003M. With equalizers sdjusted to sroduce
these curves, good clean.sut perfomante is obtained withowt sorateh or distortion,
egpecially when using & pick-up with jewel soint. The amxe curve -ith aleel needle
is leus brillisnt.

Bote the dip in the BO aycle reglon on the ourve of the Vietor econd,
which hes the scme recording cleacteristics as comserciel recomds. Tios dip meices
'ths music sound lighter and less mdfffled, It le wefe necessary Tor pwrooses o
Balance becmuge of slieing of £ the higha.

There is gradual asmmtién from 800 %o 4000 oycles, ot which ».int there
is an abrupt alicing off. 7The line between 900 and 4000 is perfectly straight
and gives «n apremtly wore brilliant rendition than 8 #roll.off,"

1th this curw thare ig still & surprising cmounmt of brillisnve. That maeh
is lacking, howewer, is rev«ded in experiments with squaliszers pemitting higher
ranges. On exceptionslly good records such equalizers con be used with enhanced
fidelity. For exsmple, a curve flat up to 10,000 or rolling off from 800 to
10,000 is wmuch more brilliant; for vio}.in soloa & owrve havizxg n dip of 3 4b ad
3000 and & rise of 10 3% at 8000 ‘wns faunﬂ, to ’oa esgsciany br‘ ulan%. although
accempanied by & promient but nat too odjectiomadblie higs, Actually, the wiler
Ing developed for his own use a series of six equalizers controlled from a sixe
position switch, each giving & different type of curve and adaptable for differeid
tyses of records.

Another interesting indicatom developed by the exjeriments woa thet dif ferent
plek-uys though adjueted to .roduce identicd resjponse curves gave different scund
effects to the ear. No single equalizer circuil can therefore be prescribed for
different pldc-ups. 7That which the writer settled on after many experiients is
ghown in fAg. 7. It is strietly a triok circuit and naturslly sstches only this

particulsr piekeup, an Andek FRU.2 Microdyme magnetic baving a 20 olm icpedinmw.
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The three resonant cirouits interact to provide the sharp outoff gt 400. The
filter after the tube is not ezslusive to this particulsr hook.up., It alseo
uses phase ghift to obiain the sharp differense Wwtween 100 sul 200 ayecles.
The btess froquencies flow through a lowepess filter shile a parvallel pathh
for the middle anl high frsguencies is provided by the .003 soxmmlrﬁ. Phage
shift in esch of tiese tw parallel cirouits at 230 eycles is opposite to that
of the other. ihen the two mtsﬁh conbins there 1is a osneeling effect at HO go
thet & sharp difference betwee: the cubputs at 250 and 100 oocurs with the use
of only a sizple resistance.capasity egualiser,

It is app rent go far that by adopting tie ®inciple of inserting special
filters into the cirouits comnecting the inputs we are -dapting e=ch deviece tc the
smplifier in & manner thet improves gerformme.k This is no less true when it
comes to connecting the MM roceiver. Agdn the purposc of the filter ig %o bDeost
both low lowe amd extreme highs, hy attemuating the other frequencies through the
filter.

In ¥ tcanmission the highs are doosted at the sending emd %0 mprm signale
to-nolise retic and them out down By a dypass in the receiver. The high frequenay
bypass in il M receiver wes removed ani the new filter interposed as shown in
fig. 8. !t mmsistl of & sivple RT equaliger., The respoms curve ie in fig. 9.
It shows & h& db rise at 15,0 ¢ opse

The writer's outfit is constmucled on 8 6 x 7 x 8 chasslis for the =mplifier
while the broadeast reseiver with its pre.smplifier is Built on & 5 x 7 x 13.
Connection between the two is by & cadble into an oatal socicet. The cutjut
traasformer axt the seleetive feed ok natwork is sxternal $0 the main chasgsise
vmmu the phonograp:. preamplifier and i%s filter is Built into a separcte
metsl box. The layouts grew vnh{ the experiments and ie pretiy oromdsd. In cojnye
ing I recommend larger Mis whioch w1l seice possible better mechanical ar-ange.

wents,
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The amplifier proper with power supply consists of only three tubes. The

high quality cutput is obisd:ed from 2 single 6L6:, There is nothing epecial aoud
the cutput transfommer -- it is Jjust an ondinary 10w universal, The seconiary
tap hes been selested not according to specification dut to provide maximum power
at 20 ayoles. (Due to losses in the transformer maximum power at 20 eycles is
less than the 3 watts normal output of the smplifier,) The thwee inputs have
individual goin controls, permitting mixing end fading. Hum is borely perceptible.
The usual "ags” sppecred during development. The ehief problem was th-t

of mei ntaining stubility. Originally there were actually five different kinds of
oseilletion and motor-bosting encountered at onee, .m aporopriate si:ielding,
adjusting velues of coupling conienmsers e inee ting decoupling filters in the
power sup.dy aystem, these troubles were one by one eliminated, The-resetver-ig
provided with e 1000-ohe adjut  Be oathede Blas restutor-to-mijust -gekn-fer-Lie
w80 OY Vhé antenna,. |

The type of speaier used m(_ofa difference in stability. If = 12% spoakey
is used the zoo ohm n’aisﬁcrkﬁ“-hmld be replased by 100 ohms; more positive
feedtueck will then oeur at low ffeguencies without oceillontiar bosanese the
resonant freguensy of the smaller speszker ig higher,

Becsuse of induced ham the out b trangformer w:s mounted ssparately from
the emplifier; line condemsers ami &n external groumd were connected, Originally
the gain comtrol am the phonogreph inu$ was 1.5 meg. Oapasity effeet between
the resistanse clesnt and ground cauged loss of high frequencies and it was
changed to a .5 meg. which govercame the trouble.

#ith these ugs removed the amplifier is astable, hum and backzround noise
are dowa to an extremely low level end are govermed almost entirely by the
charaateristics of‘ the tranamis=ion iteelf. It could be expected & copy wuld wrk
without the appearance of such troubles.




The reagoning back of tinls amplifier and the outstandiy results it produses
indicate thmt siraight-line el:otrical responge ias not a desirable objective in

mplifier design. It-may ho that straight-line accoustical responge ig, hut to

@8t 1t the respase eurves tiksn ot the mplifter mast ourve ant slope. T
curves represented in thig articie may not bec the ultimate ideal and umioubtedly |
would be modified for other reproducers, but in the writer's opinion they do
11lustrate an im.ortant principle of design thet leads to improvement. n oresent..
day redi s and mmplificrs.
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