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Push-Pull Phase - Splitter 
New High -

By E. 

THE advantages of resistance-
capacitance circuits for 
phase-splitting in push-

pull amplifiers are now well 
recognized, a wide variety of 
circuits for this purpose having 
been evolved in the last decade 
or so. If these circuits are in-
vestigated it is found that they 
possess varying degrees of merit 
in producing symmetrical output 
voltages, but share the common 
disadvantage of inherently low 
gain. In fact, low gain would 
appear to be almost inherent in 
any phase-splitting arrangement. 
The circuit to be described in 
this article, however, will be 
shown to possess a very high 
degree of symmetry with, at the 
same time, a large amplification 
from only two valves. An overall 
amplification of more than i,000 
times can very easily be achieved 
with standard low-g. valves. 

In order to facilitate analysis 
and to effect a just comparison 
with other types, the circuit will 
be compared with, and developed 
from, a normal cathode-follower 
phase-splitter preceded by a pen-
tode A.F. stage. 

Fig. i. The basic cathode-fol-
lower type of phase-splitter. 

Cain Circuit 

JEFFERY 

For the purposes of this article 
the amplification of a phase-
splitting system will be regarded 
as the ratio of either output 
voltage (assuming the two to be 
sensibly equal) to the signal input 

Fig. 2. The combination of a phase-splitter with a preceding A.F. stage 
is shown here. 

voltage (i.e., amplification 

e,„2 
or —ea in Fig. 2). 

the gain of the system as a whole 
is twice that given. The cathode 
follower, Fig. 1, is perhaps the 
most generally used circuit be-
cause of its simplicity and the 
high degree of balance obtainable 
between e01 and 6. 02, at normal 
frequencies, being dependent, 
only on the accuracy of 12, and 
Rc. It possesses, of course, the 
inherent disadvantage of a cathode 
follower in that its gain is slightly 
less than unity (Appendix Equa-
tion (2)). 

If we now consider such an 
arrangement to be preceded by a 
pentode stage the circuit becomes 
that of Fig. 2 and the overall 
gain is nearly that of the pentode 
alone, about loo times. 

Let us now consider the factors 

eo, 

In other words, 

which limit the gain of the circuit 
of Fig. 2. It is well-known that 
the input impedance of a cathode-
follower is extremely high, 
approximately io x (impedance 
between grid and cathode) ; conse-
quently if the grid-cathode im-
pedance is made 250 k û the im-
pedance to the right of " LM" 
in Fig. z is 2.5 mil In other 
words, the input circuit of V2 

. This is unfortunate, 
Rai I 
because the amplification factor 
is extremely high, about 4,500 
being quite a normal value for a 
pentode. 

Suppose, however, it were 
possible to use the very high 
input impedance of a cathode-
follower as the actual load on 
V,. Then, since this impedance 

does not appreciably shunt 12 1 
and the gain obtainable from V1 
is determined almost entirely by 
R. The value of this resistance 
cannot, however, be increased 
indefinitely, owing to the fall 
in steady anode voltage of V1 
and a practical maximum is about 
25o k — 5oo k Since the 
A.C. resistance of the pentode is 
very high (say 2.5 Aim) it follows 
that only a small fraction of the 
amplification factor can be 
realized as gain (since gain 

+ R  
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is comparable with the A.C. 
resistance of the pentode, the 
amplification obtained would be 
greatly increased. 

If the circuit to the right of 
LM in Fig. 2 is rearranged as 
shown in Fig. 3, the parallel im-
pedance of R, and R, replaces 
the grid-cathode impedance R„ 
while the effective cathode load 
is still R,. Consequently the A.C. 
conditions have not been changed 
by the rearrangement and the 
input impedance is still approxi-
mately ro x R,, (where R„ 

R, ± R3)* 
the reactances of C1 and C2 are 
negligible at the lowest working 
frequency. 
We cannot, as the circuit stands 

at present, connect the point L 
directly to the anode of V1 since 
there is no means of supplying 
anode current to V1. It will be 
seen, however, that N is at earth 
potential and there is no reason 
why we should not return this 
end of the resistor to + H.T., 
which is also at earth potential, 
so far as A.C. is concerned. In 
this way we can provide a D.C. 
path to the anode of V1 without 
disturbing the A.C. conditions on 
Vs, while V, still sees the input 
impedance of V,, acting as a 
cathode follower, as its dynamic 
load. 
The final phase-splitting circuit 

becomes that of Fig. 4, in which 
the component values are those 
used in the experimental model. 

Using an EF 36 strapped as a 
triode for Vs, R„, = to k a and 

It is assumed that 

ps =-- 28; with the component 
values of Fig. 4 Equation ( s) 
gives the input impedance Rin as 
2.05 Ma. It will be noted that 

RiR, 
168 

R., — R1 
"3 k  

Then the amplifica-
tion of V1 is given 

bY : ei  2030 "ai Ri  
(where µ/ = 4,500 and 
R„, = 2.5 Ma). 
The gain of V, as 

given by Equation (2) 
is o.9 ; therefore the 

Fig. 3. A modified 
phase-splitter in which 
the coupling resistor R, 
becomes part of the grid-
cathode impedance of 
the cathode-follower. 

eos overall gain of the system — = 

2030 x 0.9 -= 186o. It is of 
interest to note that Equation (3) 
in the Appendix, which was 
derived directly from the equiva-
lent circuit of Fig. 6(b), gives the 
same value as that obtained by 
the foregoing physical argument. 
The degree of asymmetry be-

tween e„ and e„ must be regarded 

• 

Fig. 4. The practical form of the high-gain phase-splitter and preceding 
stage. 

as of even greater importance 
than mere gain. Inserting numeri-
cal values in Expression (4) of the 

• en Appendix we obtain — = 0.989. 
eos 

The inherent unbalance is less 
than 1.2 per cent, and therefore 
completely negligible. It may be 
wondered why any asymmetry 
should exist in the system; how-
ever, a consideration of the equiva-
lent circuit of Fig. 6(b), shows 
that the sum of the alternating 
anode currents flows in the cathode 
load whereas the anode current 
of Vs alone flows in the anode 
load. The ratio of the alternating 
components of the anode currents 
of V2 and V/ is, however, very 
large. 

Design Considerations 
The circuit was specifically 

developed to drive valves of the 
PX 25 class, and the values are 
therefore chosen to give a large 
peak output rather than maximum 
gain. If it is required to drive 
valves requiring a smaller grid 
swing no doubt much higher 
values of gain can be achieved. 
It should be pointed out to those 
evolving their own designs that 
the dynamic load on V, is very 
much greater than the D.C. load, 
while the A.C. load on V, is less 
than the D.C. load. 

For smaller output voltages, 
say up to 25V R.M.S. at each 
output point, the component 
values are not critical while other 

types of valve have been sub-
stituted with only minor circuit 
changes; e.g., bias and screen 
resistors. It is of interest to 
note that the EF.36 strapped as a 
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Push-pull Phase-splitter— 
triode gave better results from a 
linearity point of view than any 
of the triodes investigated. 
As with most cathode-follower 

systems, it is advisable to reduce 
the heater-cathode voltage of V 2 

by using a separate beater supply 
for the stage, connected to an 
appropriately decoupled point on 
the H.T. supply. 

In order to avoid loss of gain 
it is desirable to by-pass the 
cathode bias resistors of each 
stage. 
Table I gives the results ob-

tained with the circuit of Fig. 4. 

TABLE 

H.T. 
Supply 
Voltage 

Max. 
output 
Voltage 
en  (or e.,) 

R.M.S Peak 

Input 
Voltage 
for max. 
output 
(R.M.S.) 

Gain 

400 
290 

37.6 
25.8 

53 
38 

0.031 
0.023 

1210 
1110 

It will be noted than the 'measured 
gain is somewhat less than the 
calculated value, the discrepancy 
is not however more than can be 
accounted for by variations in the 
actual values of components from 
those assumed. 

Application of Circuit 
The circuit has been used over 

a number of years in a wide 

Fig. 5. The circuit of a com-
plete amplifierà including ,the 
output stage. Overall nega-

tive feedbacklisjused. 

oi Mil 

oll 

33 kn. 

40 kn 

A complete design is given in 
Fig. 5. KT 66 valves strapped as 
triodes have been used -in the 

120/n2 ohms. It is illuminating 
to note that this latter value is 
less than that obtained by opera-

, (a) (b) 

Fig. 6. The equivalent circuit of Fig. 4 can be drawn in the forms shown 
at (a) and (b). 

output stage, this method of con-
nection giving a performance 
roughly equivalent to that of 
the PX25 type with the added 
advantages of shorter grid swing, 
indirectly-heated cathodes and 
octal base. 
Without negative feedback an 

output of 14.5W is obtained with 
less Plan o.o25V (R.M.S.) input. 
If negative feedback is applied 
as shown in Fig. 5 the required 
input voltage for maximum out-
put is raised to o.25V (R.M.S.). 
The negative feedback reduces 

025 Mû 

variety of amplifiers and has 
proved to be remarkably stable 
and tree trom undesirable traits. 

0:01).11 

0.5 M11 

10 kn. 

20 kn 

0.05p.F 

025 MO. 

40 

025 MO. 

0•05),I.F 

ting the same valves as a càthode-
follower stage. Using a good 
quality output transformer the 
response, with overall negative 
feedback, was measured to be 
within ± i db from 25-20,000 
c/s. If an output transformer of 
poorer quality is used the degree 
of feedback may have to be 
slightly reduced in order to satisfy 
the Nyquist stability criterion. 
Where a greater output is 

required the KT 66 valves can 
be operated as tetrodes in the 
normal manner and 35 W can 

loon 

the distortion content to 0.5 per 
cent at maximum output. while 
the output impedance becomes 

n:I 

0+11.T. 
440V 

 o 
150 
LOAD 

Rtb 
750n 

E 
 ' -H.T. 

then be obtained. The author 
favours however the use of four 
valves operating as triodes in 
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rallel push-pull where a large 
'output is desired. 

No originality is claimed for the 
circuit, as a search of the litera-
ture has shown that it appeared 
in the U.S.A. some years ago; 
however, so far as the author 
is aware no analysis of the circuit 
has previously been published. 

APPENDIX 
The input impedance of the 

c Ithode-follower phase-splitter of 
Fig. f is well known to be: 

Ri.—R.2+ (µ,±2)R L  

R., 2I2L 
when RL = R0 

If, as is frequently the case, RL 

R. R.2 then Re. e2+ 3 x R„. 
3 

For a triode, with it, between 20 and 
30, Re..z. fo R,.. 
The amplification is given by: 
eta elm  ihRL  
e" e.. R.2+ (g2+ 2)RL 

If again R.2 = RL 

+ 3 
Then if IL, = 20, gain 0.9. 

Amplification of Pre-amplifier and 
Phase-splitter Together. 
The equivalent circuit of Fig. 4 is 

shown in Fig. 6(a) and 6(b). en, is 
the voltage developed across R„. 
Taking into account the sign of this 
voltage e01 and e02 can be found 
in terms of ed (= e,) and eolle„ re-
presents the degree of unbalance of 
the system. 
By writing, the basic circuit equa-

tions from Fig. 6(b) expressions for 
amplification and unbalance are 
readily obtained. Thus if RL = 130: 

.. (2) 

this becomes 

Short-wave Conditions 
Expectations for August 

By T. W. BENNINGTON 

(Engineering Division B.B.C.) 

DURING June the average day-
time maximum usable fre-

quencies were slightly lower than 
those for May, whilst due to the 
longer duration of daylight, the 
night-time M.U.F.s were about qf 
Mc/s higher than during that 
month. Communication on frequen-
cies higher than 21 Mc/s was infre-
quent, particularly in east/west 
directions, and would, on an aver-
age, only have been possible over 
long distance routes to places in 
the high latitudes of the Southern 
Hemisphere. Medium frequencies— 
like r7Mc/s—remained usable for 
very long periods, and 15 Mc/s could 
be used throughout the night on 
many circuits. Some medium dist-
ance communications on very high 
frequencies by way of Sporadic lE 
occurred during the month. 
There was less ionosphere stormi-

ness than during the previous three 
months, but June was on the whole 
more disturbed than is usual during 
this period of the year. The storms 
were mostly of short duration, and 
the most disturbed periods were the 
1st, 5th-6th, x4th, f7th-f8th, 20th-
22nd, and 25th. Several " Del-
linger" fadeouts occurred, the most 
severe being at 1035 on the 5th, and 
1036 on the f4th. 
Forecast.—During August the 

e02 =  iti2(iL2Ro — R,)  

e (R«1 -1- Rac + + (itsRg, 

and e" — e2R" R ` • • (4) 
e„ zR + R, 

Manufacturers, Literature 
The following lists have been re-

ceived from Standard Telephones and 
Cables, Connaught House, Aldwych, 
London, W.C.2:— 

" Beam Approach Receiving Equip-
ment Type KR / 2." 
" Quartz Crystals in Evacuated 

Glass Envelopes." 
" Valves for Communications and 

Industry," 

" The Royal Train "—a souvenir 
booklet, giving an account of the part 
played by Exide batteries, from The 
Chloride Electrical Storage Co., 
Grovenor Gardens House, London. 
S.W.i. 

• • (3) 

working frequencies for long-
distance transmission should, gener-
ally speaking, be much the same as 
during July, although there will be 
a tendency for the daytime usable 
frequencies to be a little higher, and 
the night-time usable frequencies a 
little lower. 
Working frequencies for long 

distance transmission should there-
fore continue to be relatively low by 
day and high by night, although 
towards the end of the month the 
higher short-wave frequencies—like 
28 Mc/s—may begin to become 
more useful during the day, particu-
larly to the southward of this 
country. Medium frequencies—like 
17 Mc/s—should be usable for very 
long periods, and x5 Mc/s may re-

main of use throughout the night on 
many circuits. 
The E and Fr layers will continue 

to control transmission over medium 
distances—between 600 to 18o0 
miles—for several hours during the 
day. 

Sporadic E is likely to be some-
what less prevalent than during 
July, but communication by way 
of this medium may still be possible 
at times on very high frequencies up 
to a distance of about 1,400 miles. 
Below are given, in terms of the 

Broadcast bands, the working fre-
quencies which should be regularly 
usable during August for four long-
distance circuits running in different 
directions from this country. All 
times in these reports are in G.M.T. 
In addition, a figure in brackets is 
given for the use of those whose 
primary interest is the exploitation 
of certain frequency bands, and this 
indicates the highest frequency 
likely to be usable fof about 25 per 
cent of the time during the month 
for communication by way of the 
regular layers :— 

Montreal: 0000 15 Me/s (22 MO) 
0:100 11 „ (19 „ 1 
0900 15 „ (22 
1000 17 „ (24 „ 1 
1900 21 „ (20 „ ) 
2100 17 ,. (24 „ ) 

Buenos Aires: onuo 
0200 
0700 
0900 
1000 
1100 
1500 
2000 
2200 

17 „ (24 „ ) 
15 „ • (22 „ ) 
11 „ (20 „ 1 
15 „ (23 „ ) 
17 „ (26 „ 1 
21 „ (29 „ ) 
26 „ (34 „ ) 
21 „ i29 „ 1 
17 „ (26 „ ) 

Cape Town: 0000 17 „ (24 „ 1 
0200 15 „ (21 ,, ) 

0300 11 „ (18 „ ) 
0500 15 „ (23 „ ) 
0600 21 „ (30 „ ) 
0800 26 „ (34 „ ) 
1900 21 „ (30 „ ) 
2200 17 „ (26 „ ) 

Chungking: 0000 15 „ (20 ,, ) 

0100 11 „ (19 ,, ) 

0300 15 „ (21 „ ) 
0400 17 „ (24 „ ) 
1300 21 „ (29 ,. ) 
1700 17 „ (24 „ ) 
2100 15 „ (20 „ ) 

Ionosphere storms are not usually 
prevalent during August, and those 
that do occur do not, as a rule, 
cause any major interruption to 
radio communications. 
At the time of writing it would 

appear that the most likely periods 
during which disturbances may 
occur are 1st-3rd, 7th-8th, nth, 
f6th-x8th, 22nd, 26th, 28th-30th. 


