
PDF Cover Page♦ ♦

Engineering and Intuition Serving the Soul of Music❦Perkins Electro-Acoustic Research Lab, Inc.

86008, 2106 33 Ave. SW, Calgary, AB;  CAN T2T 1Z6

Ph: +.1.403.244.4434    Fx: +.1.403.245.4456

Web:   http: //www.pearl -hifi .com 

E-mail:   custserv@pearl -hifi .com 
Inc.

Please note that the links in the PEARL logotype above are “live”
and can be used to direct your web browser to our site or to

open an e-mail message window addressed to ourselves.

To view our item listings on eBay, click here.

To see the feedback we have left for our customers, click here.

This document has been prepared as a public service . Any and all trademarks 
and logotypes used herein are the property of their owners.

It is our intent to provide this document in accordance with the stipulations with
respect to “fair use” as delineated in Copyrights - Chapter 1: Subject Matter and 

Scope of Copyright; Sec. 107. Limitations on exclusive rights: Fair Use.

Public access to copy of this document is provided on the website of Cornell Law School
at  http://www4.law.cornell.edu/uscode/17/107.html and is here reproduced below:

Sec. 107. - Limitations on exclusive rights: Fair Use 

Notwithstanding the provisions of sections 106 and 106A, the fair use of a copyrighted work, includ-
ing such use by reproduction in copies or phono records or by any other means specified by that section,
for purposes such as criticism, comment, news reporting, teaching (including multiple copies for class-
room use), scholarship, or research, is not an infringement of copyright. In determining whether the use
made of a work in any particular case is a fair use the factors to be considered shall include:

1 - the purpose and character of the use, including whether such use is of a 
commercial nature or is for nonprofit educational purposes; 

2 - the nature of the copyrighted work; 

3 - the amount and substantiality of the portion used in relation to the copy-
righted work as a whole; and 

4 - the effect of the use upon the potential market for or value of the copy-
righted work. 

The fact that a work is unpublished shall not itself bar a finding of fair use if such finding is made
upon consideration of all the above factors

Owner
Highlight

http://shop.ebay.com/merchant/pearl-hifi-com_W0QQ_nkwZQQ_armrsZ1QQ_fromZQQ_mdoZQQ_sopZ14
http://feedback.ebay.com/ws/eBayISAPI.dll?ViewFeedback2&ftab=FeedbackLeftForOthers&userid=pearl-hifi-com&iid=-1&de=off&items=200
http://www.law.cornell.edu/uscode/text/17/107
http://www.pearl-hifi.com
mailto:custserv@pearl-hifi.com


Verso Filler Page♦ ♦

http://en.wikipedia.org/wiki/Verso


The National Hori
zon to-watt amplifier. 

Circuit Features in 

Circuit onalysis of the single-ended push

pllll o1l1plifier in Natiollars Horizon series 

I
N the preceding installment (August) 
we saw how the McIntosh unity
coupled output circuit solves the 
problem of switching transients and 

notch distortion caused by high leakage 
reactance in output transformers in 
c1ass-AB and -B service. A different 
solution is offered by Drs. Donald B. 
Sinclair and Arnold P. G. Peterson. 
Theirs is the Bingle-ended push-pull 
circuit used in the National Company's 
Horizon 10 and Horizon 20 amplifiers. 

In the conventional push-pull circuit 
(Fig. 1) the tubes develop a.c. signal 
voltages that are series-aiding across 
the load while the plates are paralleled 
across the d.c. supply. The new single
ended push-pull circuit' is the dual or 
converse of the conventional in that the 
tubes are in series for d.c. and supply 
the load in parallel. Thus the optimum 
load impedance-as in the McIntosh 
circuit-is only one-quarter of the plate
to-plate load in the usual push-pull con
nection. 

Fig. 2 shows a basic form of the new 
circuit. The tubes are in series across 
a d.c. supply with the load connected 
between a tap on the B supply and the 

Fig. I-Conventional push-pull circuit. 

plate-cathode junction. Although the 
load is in its cathode circuit, we cannot 
consider VI as a cathode follower be- I 

cause the signal voltage is applied be- I 

tween the grid and cathode rather than 
between grid and ground as in a cathode 
follower. The load also appears in the 
plate circuit of V2 which, like VI, has 
its grid driving signal applied between 
grid and cathode. 

The voltages at the ends of the sec
ondary of a transformer are 180 0 out 
of phase, so that connections to sec

.ondary No. 2 are transposed to show 
that the grids of VI and V2 are driven 
in the same manner as in Fig. 1. 

The basic single-ended push-pull am
plifier with signal voltages supplied by 
a phase inverter is shown in Fig. 8. 
We have retained the dual power supply 
of Fig. 2. Grid excitation for V1 is 
developed across RI, the phase inverter 
plate load resistor and the grid return 
for V1. By careful selection of operat
ing conditions we can use this direct
coupled circuit with VI being biased 
by the drop across Rl. Tube V2 is driven 
by an equal but 180 0 -out-of-phase signal 
voltage across R2 in the phase inverter 
cathode return. Battery BAI supplies 
operating bias for V2 because ground-: 
ing R2 directly would make V2's grid 
positive with respect to its cathode. 

Two of the three d.c. supplies can be 
eliminated by using the variation in 
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Fig. 4. Battery BAI is eliminated by 
using the drop across R3 as cathode 
bias for V2. Batteries BA2 and BA8 are 
replaced by a single supply (BA4) de
livering a voltage equal to that of BA2 
and BA8 in series. The load is connected 
between the plate-cathode junction and 
the junction of two large capacitors (Cl 
and C2) in series across BA4. 

Fig. 6 illustrates another variation 
of the basic circuit. This is used when 
one side of the load must be grounded. 

Although the optimum load impedance 
of these circuits is only one-quarter that 
used in conventional push-pull opera
tion, it is st,ill too high for direct 
coupling to voice coils in the con
.ventional impedance range. A single 
6A 7 -G used for VI and V2 has an opti
mum load impedance of around 280 
ohms and it may be used to drive two 
600-ohm speakers (Stephens or equiva
lent) in parallel through a direct con
nection. However, we must still use 
an output transformer for matching 
speakers with voice coil impedances in 
the range of 4 to 16 ohms. 

Fig. 6 is the equivalent circuit of Fig. 
4 with pentode output tubes trans
former-coupled to the load. The output 
transformer has a split primary. 
Screen-to-cathode bypass capacitors Cl 
and C2 and filter capacitor C3 effective
ly connect the halves of the primary 
in parallel for audio signal voltages. 
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Fig. 2-Single-endt>d push-pull circuit. Fig. 3-Phast> im'erter ft>eds amplifier. Fig. 4-Amplifit>r uses single battery. 
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Fig. 5-Variation of singlt"-ended cir
cuil---one side of the load is grounded. 
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Fi~. 6-Single-ended circuit using pen
todes transformer-coupled to the load. 

Refer to the simplified circuit in Fig. 7. 
Since the capacitors, at audio frequen
cies, provide a direct connection, the 
designers have in effect used capacitive 
unity coupling and eliminated the need 
for magnetic coupling. (The designers 
reported that they verified the fact that 
magnetic coupling is not needed by 
using separate chokes in place of the 
split primary.) Thus, switching trans
ients and notch distortion caused by 
insufficient magnetic coupling can be 
eliminated with this circuit. 

As in Figs. 2 and 3, Vt and V2 
(Fig. 6) are excited by signal voltages 
applied between their grids and 
cathodes. The phase inverter tube take 
its plate supply voltage from the center 
of the series-connected output tubes. If 
its load resistor (Rl) is connected di-

8+ 

Fig. 7-The capacitors eff'edively place 
the primary halves in parallel. 

rectly to the B supply, VI's grid excita
tion voltage would appear between grid 
and ground thus causing it to operate 
as a cathode follower. In the Fig. 6 
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circuit the signal voltage for VI de
velops across Rl and that for V2 across 
R2. Battery BAt supplies a negative 
bias voltage that opposes the d.c. drop 
across R2 and prevents V2's grid from 
going positive with respect to the 
cathode. A large filter capacitor pre
vents an a.c. signal voltage from de
veloping across BAI and R3. 

The screen grid of VI is supplied by 
current flowing through L2 from the 
B supply line, and V2's screen is sup
plied from the plate-cathode junction 
through winding Ll. The connections 
are polarized so the magnetic fields pro
duced by the screen currents oppose and 
cancel each other. 

The circuit in Fig. 6 requires twice 
the voltage and half the current needed 
for the same tubes in a conventional 
circuit so the power input is the same 
for either type. But this particular 
variation has the disadvantage of re
quiring power supply and filter com
ponents with twice the normal voltage 
rat:ngs. 

The Horizon .eries amplifiers 
The need for twice-normal plate 

supply voltage is eliminated by wiring
the circuit so direct tube currents flow 
through the primary windings as in 
National Company's Horizon 10 and 
Horizon 20 amplifiers. The circuit of 
the 10-watt Horizon 10 in Fig. 8 is a 
simplified version of ~he experimental 
25- and 50-)Vatt amplifiers described 
.by Peterson and Sinclair in The General 
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Fig. 8-The National Horizpn to 
is a to-watt amplifier featuring a 
single-ended push-pull output stage. 
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Radio Experimenter, October, 1951, and 
in the January, 1952, issue of Proceed
ings 01 the IRE. 

Here the plate curr~nts for the phase 
inverter and V2 and the screen current 
for VI flow through L2. The cathode 
current (sum of plate and screen cur
rents) of VI flows tihrough Ll. This 
arrangement causes a difference in the 
direct-current flow in Ll and L2 and 
J"esults in a d.c. drop across both 
windings that reduces the supply volt
age for VI's screen and the plate of 
V2. This circuit and current unbalance 
is minimized by careful design to avoid 
flux unbalance in the transformer. 

Unlike the basic circuits in Figs. 3 to 
7, R-C coupling is used between the 
phase inverter and the grids of VI and 
V2 in the Horizon amplifiers. Fixed 
grid bias is developed by a half-wave 
~eJenium rectifier and a simple R-C 
filter and applied to the output gl"ids. 

The plate supply for the phase in
verter is taken from the plate-cathode 
junction of the output tubes. The output 
signal developed at the plate of V2 is 
in series with the phase inverter d.c. 
plate supply and the negative feedback 
voltage thus developed reduces the dis
tortion and gain in this stage. The loss 
in phase inverter gain is minimized by 
returning its cathode load resistor to the 
bias supply to increfse the effective 
plate voltage. 

The voltage amplifier is conventional 
and uses fixed bias obtained by return
ing its cathode to a ~p on a B plus 
voltage divider. Distortion in the power 
amplifier is further reduced by 16 db 
of negative feedback fl!om the secondary 
of the output transfor~er to the voltage 
amplifier cathode. . 

Preamplifier-equalizer 
The preamplifier and equalizer section 

has four input channels. One for a 
radio tuner, one for playing back tape 
recordings and two for magnetic phono
graph cartridges. The ·10-mv phono in
put channel is for low-output cartridges 
such as the G-E variable-reluctance 
type; the 30-mv channel is for high
output types such as the Pickering and 
Audak. The tape input channel may be 
used for crystal cartridges and other 
(Ievices delivering 0.5 volt or more. 

The function selector switch has five 
positions. One for tape, one for radio 
tuner and three to select the phono
~I'aph input circuits and to provide 
equalization for AES, RIAA and for
eign recording characteristics. 

The bass control provides a boost be
ginning at 1 kc and rising to a maxi
mum of 15 db at 30 cycles. The treble 
control provides a boost that begins at 
around 800 cycles and rises gradually 
to flatten out for a maximum of 12 db 
between 10 and 15 kc. Treble attenua
tion begins at 1,600 eycles, reaches 3 
db at 6 kc and is a imaximum of 17 
db at 20 kc. 

The next installment will discuss the 
circuitry in the output stages of the 
Circlotron amplifiers dfveloped by Elec
tro-Voice. END 
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