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inveDtion; and 
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mCR FIDELITY AUDIO AMPLIFIER 

Figure 5 is a detailed circuit diagram showing the em
bodiment of the present invention in a commercially 

ti available amplifier. 

Alpba M. WlggllUI, Buc:banan, Mkb., asslgnor to Elec:tro
Volu, Incorporaud, Buc:hanan, Micb. 

The fundamental relationship of the present invention 
is illustrated in the circuit diagram of Figure 1 which 
employs a pair of vacuum tubes 11 and 12 with a grid 
and two current carrying electrodes in the form of a plate Applicallon March 1, 1954, Serial No. 413,289 
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10 and return electrode. Input terminals 13 and 14 are con
nected to the resistive grids of the tubes. The griM of 
the tubes may be connected to ground through suitable 
resistors 15 and 16. The transformer 17, having two 
similar primary windings 18 and n, has these windings 

The preseot invention relates to amplifiers, and more 
particularly to high fidelity audio amplifiers. 

15 connected in series between the cathodes of the vacuum 
tubes 11 and 12. The common juncture between the 
windings 18 and 19 preferably is connected 10 a source 
of bias potential 21 having one terminal connected to 
ground. The transformer 17 is provided with an out-

During recent times many improvements have been 
made in audio amplifiers. Perhaps the most notable im
provement has been in the power output stage and the 
output transformer. The requirements of !he output 
transformer, however, are rather critical so that such 
transformers at the present time aTC relatively expensive 
because of the cafC required in the manufacture and the 
fact that many of these transformers have a plurality of 
primary and secondary windings. High quality output 25 
transformers in conventional push-pull circuits, particu
larly in operating class AB or class B, have to have neg
ligible leakage reactance, a low capacity coupling between 

20 put winding 22 which is connected 10 a loadspeaker or 
translating device. A source of anode potenlial 23 i s  
connected between the anode of the vacuum tube 11 and 
the cathode of the vacuum lube lZ. Another similar 

the windings, and balanced or perfect coupling from the 
plate of one tube 10 the plate of another tube. In view 30 
of this, it would be desirable to provide an improved cir
cuit which would eliminate the stringent requirements 
now deemed necessary for the output transformer. 

In accordance with the present invention, it is pro
posed to provide an improved power output amplifier Sa 
using a pair of tubes so as 10 have certain of the advan
tages of push-pull operation, and to have unity coupiing 
between these tubes. This may be accomplished by 
providing a load between the cathodes of the tubes so 
that each tube sees the full impedance of this load. An .. 0 
output transformer Ihen may be employed having a 
much lower impedance than that required ifi the conven
tional push-pull circuit, with a consequence that the trans
former is easier to wind and will have a lower distribu-
ted capacity. By providing unity coupling, the delf.teri- 45 
ous effects of switching transients ordinarily present due 
to leakage reaClance in the transformer will have been 
obviated. 

It is, therefore, an object of the invention to provide 
an improved amplifier having unity coupling between a 50 
pair of output tubes. 

A further object of the invention is to provide an im
proved amplifier circuit which will eliminate the direct 
current effect heretofore encountered in the output trans-
former of push-pull amplifiers. 55 

A further object of the invention is to provide an am
plifier wherein the load impedance is appreciably lower 
than that of conventional push-pull amplifiers. 

Still another object of the invention is to providt an 
improved amplifier not subject to switching transients 60 
when operated either as class AB or class B. 

A still further object of the invention is to provide an 
improved amplifier utilizing an output transformer hav
ing a relatively low distributed capacity. 

A still further object of the invention is to provide an 65 
improved high fidelity amplifier having a lower manu
facturing cost. 

These and other objects of the invention subsequently 
will become apparent by reference to the folJowinb de
Scription laken in conjunction with the accompanying 70 
dniwing, wherein: 

Figllres 1 through 4 show circuit diagrams of several 

source of anode potential 24 is connected between the 
anode of the vacuum tube 12 and the cathode OL the 
vacuum tube 11. It will be noted from these connec-
tions of the anode power supply that the only current 
tl.owing through the transformer windings 18 and 19 are 
the differences in anode current between the vacuum tubes 
11 and lZ. It may be assumed that the windings 18 
and 19 are practically balanced and that the vacuum tubes 
It and lZ are perfectly matched. Under such condi
tion the only currents appearing i n  the transformer 17, 
therefore, are the signal currents. Thus there has been 
obviated the effect of direct current flowing i n  the out
put transformer which is commonly encountered in con-
ventional push-pull amplifier circuits. 

It will be noted that each of the vacuum tubes 11 and 
1Z looks into the total load impedance between the cath
odes of the two tubes as contrasted to one fourth of the 
total load impedance in a conventional push-pull cir-
cuit. Since each tube looks into the total load imped
ance, it i s  apparent that unity coupling between the two 
tubes 11 and 11 is accomplished. In view of this, it is 
apparent that there has been obviated the deleterious 
switching transient problem which is particularly trouble-
some in conventional push-pull class AB and class B 
amplifiers. Preferably the optimum primary impedance 
of the transformer 17 is equal to the primary impedance 
of a single tube in a conventional push-pull amplifier cir
cuit. Since the impedance employed is one fourth the 
impedance requircd in a conventional push-pUll circuit, 
the transformer has fewer windings, with consequential 
lower distributed capacitance, and accordingly a better 
frequency response. The effect of leakage reactance in 
the transformer heretofore considered to be serious is of 
no consequence in the present circuit. 

ill the circuit shown in Figure I, it will b� understood 
that the load appears between the cathodes of the vacut:m 
t�lbeS 11 and lZ. Thus it may be stated that this is a 
cathode loaded push-pull amplifier wherein the vacuum 
tubes 11 and 12 operate in a manner similar to cathode 
followers, although the circuit differs from a push·pull 
cathode follower circuit. Since the primary winding of 
the transformer 17 is in eflectcentertapped, and the grids 
of the vacuum tubes 11 and 12 are returned to ground 
through their resistive grid circuit resistors, cathode 
follower conditions exist, and hence the am�Jifier hns an 
inherently 10\" output impedance. 

The amplifier shown in Figure 1 may take another 
fo�m, as shown in Figure 2, wherein those components 
having the same functions have been given identical ref-
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