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JUNIOR GOLDEN EAR AMPLIFIER 

H

IGH fidelity today is expensive. 
Good commercial amplifiers 
start at around $100 and run 
to $300. Even the cheapest WiI

liamson kit leaves no change out of a 
$50 bill, which is still Iikelv to strain 
the average music lover's pocket book 
and family relationships. In short, what 
this country needs is a good $25 high
'llIality amplifier. 

In my last article, "Extending Ampl
ifier Bandwidth" (in the September, 1953 
issue) I indicated that it it is possible to 
design an inexpensive amplifier whose 
performance only the most critical 
"golden ear" could quibble. This article 
presents the "Junior Golden Ear Ampli
fier" which can be reproduced at a total 
parts cost of around $25.00, and yet 
need take only a litte, if any, backtalk 
from $100.00 amplifiers. The circuit is 
not critical and is easily constructed by 
anyone any even modest construction 
experience. 

By JOSEPH MARSHALL 

Here is what we've till been wtlitillg Jor. A 

truly inexpensive high-fidelity amplifier. 

The frequency range is stretched. while tlte 

dollar is squeezed. Circuit is not cl-itical. 

The circuit 

Those who have read the article men
tioned above will recognize the circuit 
as that of a direct-coupled inverter and 
voltage driver, capacitance-coupled to 
a pair of self-bias output tubes, with 
two feedback loops. The first 12A Ui 
and the 12AX7 comprise a cross-coupled 
phase inverter which is direct-coupled 
to a neutl'alized 12A U7 driver stage. 
Presuming that the output capacitor on 
the tuner or preamp is .05-llf or larger, 
l'esponse of the inverter and drivel', 
without feedback, will he approximately 
2 to approximately 50,000 cycles. The 
input tube is a cathode follower and its 
input resistance is therefore several 
times the value of the grid resistor. So, 
any capacitor of .05-ld or larger will 
have a time-constant long enough to 
pass signals below 10 cycles. Since the 
12AX7 is driven by the very low im
pedance of the eathode follower it is 

not affected by the Miller effect below 
100 kc. The neutl'alization of the 12A U7 
driver minimizes the operation of the 
Miller effect in that stage, and the 
direct coupling produces no phase shift 
at any frequency below 50 kc. 

The 0.5-!!f capacitors which couple 
this section to the output tubes are the 
only source of internal phase shift in 
the amplifier, but much if not all of 
this phase shift is neutralized by the 
inner feedback loop from the plates of 
the output tubes to the cathodes of the 
driver stage. The 6V6 output tubes 
are operated in a modified form of the 
Ultra-Lineal' circuit by connecting the 
screens to the 4,OOO-ohm taps of the 
UTC S-15 output transformer, This 
method of operation is intermediate be
tween triode and tetrode and has several 
virtues. First, it improves the high
frequency response because this con
nection in effect neutralizes the plate
grid l'apacitanc(' of the output tubes, 

Top view of the "Junior Golden Ear 
Amplifier." Note the position of the trans
formers at mutual right angles, to prevent 
unwanted coupling power-to-output. 

An under-chassis view; note the 
use of oil-filled bathtub capaci
tors to ensure excellent low
frequency response. 
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which In triode operation would result 
in very serious attenuation above 10,000 
cyclell. Second, it more than doubles 
the 4 watts output which 6V611 de
liver all triodes. The optimum screen 
load for true Ultra-Linear operation is 
18.5% of the plate load. Special (and 
expensive) transformers are manufac
tured for this style of operation. How
ever, a ratio of 40%, as in this case, 
result!! in excellent performance and 
permits a standard medium quality out
put transformer to be used. The maxi
mum output of the amplifier is more 
than 8 watts. 

Two feedback loops are employed. 
The inner loop, from plates of RV6's 
to cathodes of the drivers, provides a 
feedback factor of 14 db. The time-con
stant of the feedback network is the 
same as the time-constan t of the coup
ling network from drivers to output 
tubes, but the phase shift in the feed
back loop is e xa ctly opposite to that 
in the coupling. So this feedback loop 
in eft'ect neutralizes the low-frequency 
phase shift of the capacitor coupling, 
and the amplifier-though not ent irely 
direct-coupled-is, for audio purposes, 
just about as respon!!ive at low fre
quencies as a direct-coupled amplifier. 
The inner feedback loop, being bal
anced, also helps maintain the excellent 
static balance of the amplifier over the 
full dynamic range. Since it al!!o in
cludes the two stages responsible for 
most of the distortion, the output tubes 
and drivers, it produces about a 5-1 re
duction in distortion. The over-all feed
back loop runs from the output trans
former secondary to the cathode of one 
of the input tubes. The feedback factor 
in this loop i!! more than 20 db. This 
not only further reduces the distortion 
but it is enough to flatten the response 
of the output transformer to a level 
acceptable for high fidelity. 

The respon�e of the amplifier from 
input to output transformer is virtually 
flat from 2 or :1 to over 100,000 cycles. 
The response of the output transformer 
is flat only from 50 to 10,000 cycles. 
However, the extreme bandwidth of the 
amplifier itself, plus the more than 20 
db of over-all feedback, extend the 
response on both sides of the slopes of 
the output transformer, producing an 
output curve which is essentially flat 
at levels of 2 watts or less, from 10 
to some 60,000 to 70,000 cycles. This is 
as good or better than that of most 
Williamson-type amplifiers using much 
better output transformers, but pos
sessing a very much narrower internal 
bandwidth because of Miller eft'ect and 
uncorrected low-frequency phase shift. 

Because the distortion-producing 
stages are subjected to a feedback fac
tor of 30 or more, the output distortion 
ill extremely low. At levels below 2 
watts, which represent the average 
power peak in home listening, the dis
tortion is measurable only on labora
tory equipment. At maximum output 
the harmonic distortion is under 1 '10 
while the intermodulation is about 1 %. 
This is so slight as to be of no practical 
consequence since an output level of 2 watts, 

given a reasonably efficient speaker system, 
will not often be exceeded in a small home or 
apartment listening. 

Although the photographs of the ex
perimental model show bantam-type 
tubes , it is better to use the miniature 
tubes specified in the wiring diagram. 
]{ you already have two 6SN7-GTs and 
a 6SL7-GT and want to use them, there 
will be only a slight dift'erence in high
frequency response, and that will prob
ably be noticeable only by measure
men t and not by ear. 

The amplifier is push-pull from be
ginning to en d and can be balanced 
both statically and dynamically. Thus 
maximum use is made of the distortion
canceling properties of push-pull am
plifiers. The series resistors, common 
to both side!! of the plate loads of the 
voltage-amplifier section, are balancing 
resistors and should not be le ft out. 
The 2,OOO-ohm balancin g control in the 
cathode circuit of the input stage an d 
the single-pole, double-throw switch pro
vide a means for over-all dynamic bal
ancing. They should preferably be 
mounted on the rear or top of the chas
sis where they will not be disturbed 
acc identally. 

There is nothing at all critical about 
the layout, and no special wiring meas
ure� have to be taken. If your chassis 
is already punched, arrange the tubes 
as conveniently as possible. Vector tur
ret �ockets could be used if the most 
('ompact amplifier is desired. A common 
ground wire should be run from the 
ground point of the input jack around 
the chassis and all ground leads should 
be soldered to it. The filament wires 
�hould be twisted together and the two 
sides of the filament loop kept about 
the same lenKth. The center·tap of the 
filament transformer is returned to the 
voltage divider at a point between 40 
anu 50 volts positive. By this means, 
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as well as the two feedback loops, the 
hum level is kept extremely low. In 
fact, it should be completely inaudible, 
with your ear at the speaker, unless a 

Klipsch-type horn is used, in which 
case you may be able to hear some hum 
with your ear right at the output of 
the horn. 

The neutralizing capacitors in thl' 
12A U7 driver are 1.5-J.1J.1f molded gim. 
micks of the type used for oscillator 
injecti!)n in wperheterodynes. They are 

available from most parts distributors, 
The NPO series of ceramic capacit""s 
can also be used. In an emergency th,· 
capacitors can be i mprovised by twi,t· 
ing together two 2-inch lengths of hook· 
up wire. Re sure to connect the t'Il" 
of one wire to the plate and the end 
of the other wire to the grid. The two 
open ends should he lightly taped to 

prevent an y possible accidental shorts 
to chassis. 

The 0.5-llf cou pling capacitors to thc 
6V6 grids must be of good quality with 
low leakaKe. Rathtub types are recom · 
mended. Do not substitute lower vahll'� 
or the low frequency response will SlIi· 
fer. The O.25-Id capacitors in the fet:d· 
back loop should also be of equally 
good quality. 

The plate, grid and cathode resistors 
in the opposite sides of the push-pu ll 
staKes shou ld be matched. This can be 
done effectively enough on an ohmmeter. 
Ordinary carbon resistors will do. Of 
any five of a given value, two ('an 

usually be found which match to 1 or 

2c/�. The exact value is not important. 
as long as they match. Thus the 220,(11111. 
ohm plate loads can be 200,000 or :!III .. 

000 ohms, so long as both are as nearl\' 
identical as possible. Be careful not t� 
overheat the resistors when solderin� 
them in place, for it might change their 
value. If you hold the wire leads in a 

pair of large pliers between the solder· 
in K point and the body of the resistor, 

)OOy 

Schematic diagram of the amplifier. 
'SI' enables overall dynamic balancing. 
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most of the heat will be df!lsfnated in 
the Dliers before rea�hinlr the re!!istor. 
If you have a Wheatstone bridlre, it 
would be an excellent idea also to 
match the couplinp." Rnd feedback capaci
tors, to preserve the best possible fre
quency balance. 

The output tubes are balanced 
t!ll·ough the 50-ohm potontiometer 
which is adj usted for· equal olate cur
T,'lltS. or for zero voltage difference as 
indicated on a high-resistance voltmeter 
connected from plate to plate. The bias 
voltage should be about 20 with a plate 
voltage of around 300. 

The cathodes of the 12AU7 driver 
should be about 10 volts more positive 
than the grids. This will be achieved 
with approximately a 2-1 ratio of plate 
load to cathode resistan�e. The direct
coupled front section is balanced. as 
in dicated later. at d.c. by the balancing 
pptentiometer in the input tube circuit. 
The switch is a great convenience in 
obtaining over-all balance, permitting 
easy rebalancing from time to time to 
compensate for tube aging or when 
changing tubes. It is not essential to 
the operation of the amplifier. 

When connecting the inner feedback 
loop, be sure that you do not cross it 
by connecting it to the opposite side 
instead of the same side. Proper con
nection is evidenced by reduced output. 
The diagram shows the over-all feed
back loop going to the lower side of 
the amplifier, but it should be applied 
to whichever side produces negative 
instead of positive feedback. Touching 
the end of the loop to each of both grids • .  

in turn, of the 12AX7 will determine 
the proper one. With the transformer 
specified, the feedback loop should re
sult in stable operation. If another 
transformer is SUbstituted, or if feed
back results in oscillation. the feedback 
r�,istor R2 should be increased in value 
until oscillation cannot be sustained. 

The power supply is conventional ex
cept for the connection of the filament 
center-tap to a positive point on the 
voltage divider. If your power trans
former does not provide a center-tapped 
filament winding. insert a potentiometer 
of 50 to 100 ohms across the winding, 
connect the slider to the positive voltage 
point, and adjust the potentiometer for 
minimum hum. A 90-ma power trans
f(JI'lller will more than suffice. Ultra
Lin"ar operation does not produce as 
gn'at current swings as does triode 
opl'ration. The plate current remains 
quite constant over almost the total 
dynamic range. The low current re
quirement of this amplifiel' makes prac
tical the use of a larger transformel' 
to supply both the amplifier and asso
ciated tuner. 

I believe that in the large majority 
of cases tone-control circuits are neither 
nen'ssary nor desirable. Therefore, a 
Cl' lItralab Compentrol in the amplifier 
input is specified. This gives boosts at 
both low and high frequencies at low 
volume levels and is very satisfying, 

except perhaps in rooms whose acoustics 
It low frequencies produce too boomy a 
lOund. The amplifier doe. not inelude 

:a phono preamp. Any of the standard 
circuits can be added. or a G-E preamp 
can be mounted on the chassis and con
nected to the same power supply. In 
that case, it would be well to add 
another switch at the input to permit 
switching in the different input sources 
-FM tuner. AM tuner . phono, etc . 

This amplifier apparently can be 
built without regard to wire lengths, 
parts layout, and so forth. Several 
versions of the amplifier have been 
put together quickly on breadboards, 
old chassis, etc., with no resulting trou
ble. If you are relatively new at con
structinlt' amplifiers, keep this in mind : 
Double-check each connection before you 
make it, and several times after it is 
made. to see that it is correct. Before 
inserting tubes and turning on power, 
make resistance measurements at the 
socket terminals with an ohmmeter to 
be sure that you have no shorts or 
opens. Make the connections firm, and 
solder carefully so that you do not have 
noise-producing joints. When you are 
sure the hookup is correct, make the 
following adjustments, in the order 
given : 

1. Insert the output tubes and adjust 
the cathode control so both tubes draw 
equal current, or so a high-resistance 
voltmeter connected from plate to plate 
indicates zero voltage. 

2. Insert the other tubes. Connect 
the voltmeter from plate to plate of 
the 12AU7 driver stage, and adjust RI 
for zero voltage. 

3. Turn switch SI so that the two 
It'rids of the first 12A U7 are tied to
gether ; feed any signal into the input 
and now adjust RI al1:ain for a null in 
the output from the amplifier. Because 
of feed-through via the over-all feed
back loop, a true null may not be ob
tainable; in that case, adjust the mini
mum output, using an a.c. meter if 
possible. 

This procedure will balance the en
tire amplifier from beginning to end. 
Periodically. the balance can be checked 
and retrimmed as in step 3. It should 
also be done any time one or more of 
the tubes are changed. 

The Junior Golden E ar amplifier is 
capable of very hilt'h quality reproduc
tion, and merits the use of the best 
speaker you can afford. Fortunately, 
several good combinations of speaker 
and baffle are todav available from $30 
to $50. One of the�e amplifiers and the 
Bal'uch-Lang speaker system provides 
a very compact pOI·table system with 
astonishing reproduction.· With good 
speakers, tuners and magnetic phono
graph pick-ups, the Junior Golden Ear 
will yield results which belie the low 
cost. and are very likely to shock owners 
of Williamson and commercial ampli
fiers costing many times more. Do not 
let the small output transformer mislead 
you. After all it is not the transformer 
curve which counts, but the overall 
response curve. 

While the output transformer in the 
Junior Golden Ear is much poorer than 
that of William80n amplifiers, the rest 
of the amplifier is excellent in flatness 
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of bandwidth and freedom from phase 
shift, with the result that the over-all 
performance is just about as good. 

Modifications 
The only thin2' which stands between 

the Junior Golden Ear and a place in 
the ranks of the realIy great audio 
amplifiers is the output transformer. 
If you have an additional $15 to spare. 

you can remove this imperfection by 
adding an Arro-Sound T-310 output 
transformer. This will give you true 
Ultra-Linear performance with an out
put in excess of 10 watts and an over
all bandwidth of 2 or 3 to nearly 200,-
000 cycles. The distortion characteris
tics should be superior to those of any 
other amplifier in its class. For a still 
more de luxe model, with higher output 
and, I believe, the finest performance 
the art permits, vou are referred to 
the New Golden Ear amplifier, senior 
version. as described in my articles in 
recent issues of A Ildio Ell gi"eerillg. The 
senior version uses the same input 
section but fixed bias output tubes with 
higher power output and still wider 
bandwidth and lower distortion. 

It may be that you have an amplifier 
with a fairly good---or even extra good 
---output transformer, and would like 
to improve it. The addition of the direct
coupled front section and the inner 
feedback loop will improve any ampli
fier, including higher priced commer
cial ones. If your present output trans
former does not provide intermediate 
primary taps, you can use tetrodes as 
triodes, but adding neutralization to 
eliminate the Miller effect. The simplest 
way to achieve neutralization is to add 
a pair of 4-30-!1!1f ceramic trimmers in 
the standard cross-neutralizing style. 
Before connecting the feedback loops. 
remove the filament voltage from the 
output tubes. feed a signal into the 
amplifier, and adjust the trimmers for 
a null in the output. 

Materials for Golden Ear Amplifier 
lesistors: 1-470, 2-1,200, 2-2,200. 2-22,000, 1-
33.000, 2-120,000, 4-220.000, 2-470,000. 2-:-1.2 
megohms, 'I> watt; 1-10,000 ohms, 20 watts , 2 odlust· 
oble taps; I� ohms, 1-2,000 ohms, polontio. 
meters; I-Centrolob Compontrol. 

Copoelto": (Ceramic) 2-1.5 I1l1f. ('aper or bath· 
tub) 2-.01. 2-25, 2-5 ,.f. 600 voln. (ElectrolytiC) 
1-20·20·20 ,.I, 450 volls. 

Tubes: 2.12AU7, 1-12AX7, 2-4V6, 1-5Y3·GT. 

Miseellan_us: I-Output tronsformor. type UTC.S. 
15; I-Po •• r transformer, UO Yolts c.t. at 90 ma., 
6.) volt at 4.5 amp.; I-Filter choko. IS h at 50 mo.; 
I-filter choko, 15 h ot 100 mo.; I-s.p.d.t. switch; 
wire, tub. sotkets. chauis. and hardwor •. 

The modification will extend the band
width of any amplifier. no matter how 
good or expensive it is, and because the 
two loops provide more feedback, will 
also reduce distortion. Finally, because 
of the wide bandwidth, the low phase 
shift, and the neutralization of positive 
feedback loops due to grid-plate capaci
tance, the circuit will also improve the 
transient response. despite the added 
feedback. I have found this circuit 
highly suitable for 6L6s, 1614s, 588h, 
KT66s, 807s, etc. The operating volt
ages would have to be adjusted to con
form with the tubes operating condi
tions. END 
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