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SUMMARY.-The theoretical possibility exists of a differential amplifier which will give good 
rejection of in-phase input voltages without requiring a balancing adjustment or the use of selected 
valves or other components. The practical design of such an amplifier is difficult. The result can be 
achieved by employing in-phase negative feedback, but may not be achieved if the feedback volta.ges 
affect the amplifier in a way which is not exactly equivalent to summation with the input voltages. 
When in-phase negative feedback is introduced by including a resistance or a pentode va.lve in series 
with the cathodes of a push-pull stage, the feedback voltage affects the amplifier in a way which is not 
equivalent to summation with the input voltages, and good in-phase rejection without a balancing 
adjustment is not possible by this means. Two types of amplifier 'stage are described which make 
possible good in-phase rejection without a balancing adjustment. Because of practical disadvantages 
these are unlikely to come into general use, but they illustrate important general principles. 

D

IFFERENTIAL amplifiers are frequently 
required for biological and other purposes. 
A true differential amplifier will give zero 

output when its two input terminals undergo 
identical voltage variations; that is to say, when 
it receives an in-phase input. Practical amplifiers 
�ill generally give some output under these 
conditions, and it is convenient to speak of the 
' rejection ratio' or 'discrimination factor' of the 
amplifier, which may be defined as the ratio 
between the in-phase input voltage and the 
anti-phase input voltage required to give the 
same output. [See opening section of reference 
(2)J. It is assumed that the output is a single 
variable;as it is when the amplifier gives a single 
output voltage , or when it drives a pen recorder or 
an oscillograph . The general push-pull amplifier, 
giving a double output, is considered later. 

In some applications, one of the most important 
of which is electro-encephalography, the amplifier 
is required to respond to a small anti-phase 
signal which may occur together with a much 
larger in-phase interfering voltage. It is then 
important to have a high rejection ratio, and in 
electro-encephalography a value of at least 10,000 
should be aimed at. 

Need for Balancin� Control 
Amplifiers which are required to have a high 

rejection ratio generally incorporate some form 
of balancing control which can theoretically be 
adjusted to make the in-phase rejection perfect . 
An exception is the amplifier described by John
sonl, but Parnum2 has shown that Johnson's 
amplifier cannot be relied upon to give good 
in-phase rejection when built with valves and 
components of commercial tolerance. 

From Parnum's results it might be supposed 
that it is physically impossible to build an amplifier 
which can be relied upon to have a high rejection 
ratio without using selected components and 
without a balancing adjustment. On the other 
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hand, Offner3 has shown that, in theory at least, 
an amplifier can be constructed, using com
ponents of commercial tolerance, to have a high 
rejection ratio without the need for a balancing 
control. 

An amplifier with an intrinsically high rejection 
ratio, not depending on critical selection or 
adjustment of components, would be very useful, 
for it would not require readjustment when 
valves Were replaced,. nor would it require 
periodical adjustment to allow for aging of valves 
and other components. However, although such 
an amplifier is theoretically possible, it is not 
easy to devise a satisfactory practical circuit. ' 
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Fig. 1. Push-pull 
amplifier stage with 
common cathode 

resistor. 
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Parnum 'considers amplifiers whose stages are 
of the form shown in Fig . 1, in which Rc may be 
either a resistor as shown, or a pentode valve 
having extremely high differential resistance. He 
shows that even when, effectively, Rc =00, a 
balancing control is needed if high rejection ratio 
is to be ensured with components of commercial 
tolerance . Offner, however, indicates that his 
results can be applied to the circuit of Fig. 1, and, 
if his results are applied as he suggests , a conclusion 
is reached which is at variance with Parnum's 
conclusions, for it appears that when Rc =00, 

the circuit should give perfect in-phase rejection 
even though Rl=/;.R 2 and the valves are dissimilar. 

The discrepatlcy between the findings of 
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