
Phase Inversion Circuits 
Part I- The transformer type of inverter, 
with some variations on standard circuits 

PHASE inverters are devices corn - 
monly used in amplifiers and large 
radios. Their purpose is to provide 
two equal but antiphase alternat- 

ing voltages which are usually applied 
to the grids of push -pull output tubes. 
They are also used in electronic test 
equipment, including watt -meters, dis- 
tortion meters and special types of os- 
cilloscopes. 

The signal voltage required by the 
following stage and the suitability of 
the system for use with negative feed- 
back, are among the several factors that 
must be considered in the choice of a 
phase- inverter circuit. Power may also 
be required by the output tubes, as in 
class -AB2 operation, and, finally, the 
cost may override all other factors, no 
matter how desirable they might be. 

Phase inverters are classified accord- 
ing to the way the signal voltages are 
fed from one stage to another. Classifi- 
cations are: (1) Inductively coupled, 
(2) Resistance -capacitance coupled, and 
(3) Direct coupled. 

The oldest form of inductively coupled 
phase inverter is the transformer with 
a center- tapped secondary, or with two 
secondary windings -one for each grid. 
Other inductive systems use a center - 
tapped choke coil, and a transformer 
with no center tap but with the sec- 
ondary voltage divided by a pair of 
equal resistors. These three circuits are 
shown in Figs. 1, 2, and 3, 

Transformer coupling 
Biggest drawbacks to the use of 

transformers are their cost, liability to 
hum pickup, and imperfect frequency 
response. Hum can be reduced by mount- 
ing them away from power transform- 
ers and chokes and by rotating them 
until a position of minimum hum is 
found. High- frequency peaks can be re- 
duced by shunting the secondary with 
resistors (about % megohm), while 
things can be improved generally by 
using negative feedback in the driver 
stage. 
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Fig. I- Standard transformer -coupled circuit. 

Advantages of transformer coupling 
are the large signal voltages obtainable, 
the low d.c. resistance in the grid cir- 
cuits of the output tubes and its adapta- 
'Lecturer in electronics and electro -acoustics. 
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bility for class -AB2 operation. In this 
case, the transformer usually has a 
step -down ratio to match the minimum 
grid input resistance of the next stage 
to the plate resistance of the driver. 
(Grid input resistance varies from val- 
ues too large to bother about when the 
grid is negative to values as low as a 
few hundred ohms when the grid is very 
positive.) 
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Fig. 2- Inversion with single tapped coil. 

The gain M of the driver and the 
transformer is nearly equal to the prod- 
uct of the amplification factor and trans- 
former ratio. The optimum grid bias 

2 
Eg is - times the plate voltage divided 

by the amplification factor. 
The center- tapped choke is a corn - 

paratively inexpensive device, but is full 
of faults, such as unbalance at very high 
frequencies, low response at very low 
frequencies, and low voltage output. It 
is still useful for compact car radios and 
small mobile amplifiers where only a 
limited frequency range is required. A 
good quality center -tapped output trans- 
former can be used with fair results if 
it has enough inductance. 

The low output voltage is due to the 
voltage drop across RL (Fig. 2), to- 
gether with the drop in effective load 
impedance also caused by RL. If RL is 
decreased to avoid the first defect, the 
second defect becomes more pronounced. 
At medium to high frequencies, the gain 
M approaches 

RL 

RL Rp 
where is the amplification factor of 
the tube, RL is the load resistance, and 
Rp is the plate resistance. The bass 
resonant frequency is given by 

1 f= 
xVLC 

The gain then is 
nfLp, 

2 Rp 
where L is the inductance of the choke 
in henries, and C is the capacitance of 
the condenser in farads. 

By J. W. STRAEDE* 

Transformer with resistors 
A transformer with resistors (Fig. 

3) is often used as a makeshift, but 
is quite capable of good gain and fre- 
quency response if the output tubes re- 
quire no driving power and if high grid - 
circuit resistance is permissible. The 
two resistors must be as nearly equal as 
possible and must be large to prevent 
high -frequency loss in the transformer 
and to present a reasonably large load 
impedance to the driver tube. This im- 

2 Rg 
pedance is given by -, where n is the 

n' 
step -up ratio of the transformer. The 

nµ Rg 
gain to each grid is then 

2 Rg -F n'Rp 
If the driver is a low -impedance tube 

such as a 6C5 and the grid resistors are 
each 0.5 megohm, the gain is very nearly 
equal to nµ at mid -frequencies. At low 
frequencies the gain is 3 db down when 
the reactance of the transformer pri- 
mary is equal to the plate resistance of 
the driver. 

Fig. 3 -How an untapped condenser is used 

A second article by Mr. Straede, in an 
early issue, will cover resistance- capac- 
itance types of phase inverters. 

PHONO PREAMPLIFIER 
I have a small superheterodyne using 

a 6A8, 6B7, 6K6, and rectifier. I tried 
unsuccessfully to add a phono attach- 
ment by connecting it to the grid of the 
6K6. The output of the pickup was too 
low for use without a preamplifier. I 
removed the 6K6 and wired in a 6AD7 

6B7 6AD7 -G I09S 
2 2ND Iiÿ S SPAR 

-- I 

I 

SCR VOLTAGE AVC - . = _ 
ON PLAYER UNIT 

as shown. The triode section is used as 
a preamplifier for the pickup without al- 
tering the performance of the set. 

JOSEPH PRITCHARD, 
Hamilton, Ont., Canada 
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Phase Inversion Circuits 
Part II - The R -C coupled phase inverter 

0 NE of the earliest types of re- 
sistance - capacitance - coupled 
phase inverters is the para - 
phase. The signal from an am- 

plifier tube is taken from a tap on either 
its plate resistor or the grid resistor of 
the output tube it feeds (usually the lat- 
ter), and applied to a phase- inverter 
tube. This tube reverses the polarity of 
the signal. 

Because the phase -inverter tube also 
amplifies, only a portion of the first 
tube's signal is applied to it, and its 
output goes to the grid of the other out-. 
put tube. The modern version of the 
paraphase circuit is shown in Fig. 1. 

Fig. I -A modern paraphase phase inverter. 

The voltagendivider constants Rg and 
R are critical, and resistors with closer 
than 10% tolerance are required. Aging 
of the phase -inverter tube reduces its 
output and results in unbalance. 

Automatic near -balance is obtained in 
the floating paraphase circuit (Fig. 2). 

Fig. 2 -The driver tube must have high gain. 
The signal for the inverter section de- 
pends upon the lack of circuit balance. 
The greater the gain of this tube, the 
nearer is true balance approached; 
therefore, a high -gain tube such as a 
6SC7 is commonly used. 

A still closer approach to true balance 
can be obtained by making the plate 
and grid resistors in the inverter sec- 
tion just a trifle larger than those in 
the voltage amplifier. 

Unbalance at low frequencies is due 
to extra phase shift caused by the lower 
coupling condenser C. This condenser 
should be much larger than the top one. 

If a large amount of negative feed- 
back is to be used over the phase- invert- 
er stage, the straight paraphase circuit 
is preferable, since accurate balancing 
is important. 

Lecturer in electronics and electro- acoustics. 
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In the split -load inverter (Fig. 3), 
output voltage from a tube is divided 
by placing half the load impedance be- 
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Fig. 3 -Stage gain is low with this circuit. 

tween cathode and ground. The voltage 
at the cathode is then out of phase with 
the voltage at the plate. Half the load 
in the cathode circuit also results in half 
the load being in the grid -to- cathode cir- 
cuit and gives a negative feedback fac- 
tor of one -half. Stage gain is therefore 
very low; in practice it is usually about 
0.9 (from grid of phase inverter to grid 
of one output tube). 

This circuit, popular in Australia, is 
sometimes known as the kangaroo phase 
inverter. 

Accuracy of balance depends solely 
upon the equality of the load resistors 
and the following grid resistors. Be- 
cause of degeneration, the cathode re- 
sistor does not require bypassing (un- 
less a low -gain tube is used), and the 
coupling condenser to the grid of the 
phase inverter can be smaller than 
usual. 

Cathode -Drive Inverters 
if push -pull tubes share a common un- 

bypassed cathode bias resistor, an inter- 
esting phenomenon occurs if the signal 
is removed from one tube. Instead of the 
output dropping considerably, there is 
only a slight lessening of volume and 
the output continues to come from both 
tubes, though there is a distinct lack of 
balance. The undriven tube is actually 
being driven by the other one through 
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Fig. 4 -The upper tube drives the lower one. 

the common cathode impedance. One ex- 
ample of this is the Barnes "mystery" 
circuit of Fig. 4. 

The greater this common cathode im- 
pedance in comparison to the load im- 
pedance, and the greater the stage gain, 
the more nearly perfect is the balance. 
If two push -pull voltage amplifier 
stages are used with no signal on one 
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tube of the first stage, very good bal- 
ance is obtained at the output of the 
second stage. This amplifier (Fig. 5) is 
sometimes known as the "long- tailed" 
amplifier. 

If very good balance is desired, the 
size of the common cathode resistor is 
increased and tapped to give the correct 
grid bias, as in Fig. 6. 

Accuracy of balance depends on the 
similarity of the tubes and the equality 
of the plate load resistors. 

Fig. 7 shows a 2 -stage direct-coupled 
amplifier with cathode -drive phase in- 
version. It responds to d.c. voltages as 
well as to a.c. Balance is not as good as 
in resistance- coupled amplifiers, but the 
unbalance is limited to a difference in 
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Fig. 5 -The long- tailed push -pull amplifier. 

Fig. 6- Similar driver tubes improve balance. 

amplitude. There is no unbalance due to 
phase shift at different frequencies. 

Unusual phase inverters 
Besides the more commonly used cir- 

cuits, there are some unique variations 
of the split -load and paraphase circuits. 

Fig. 8 is a simplified split -load inver- 
ter in which the inverter tube is directly 
coupled to the preceding tube. Gain is 
higher than might be expected, since 
part of the load for the first tube is 
actually amplified by the inverter. There 
is noticeable reduction in the number of 

Fig. 7-A two -tube direct- coupled amplifier. 
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parts, and the output voltages are suf- 
ficient to drive 6V6's. 

To obtain gain from the actual phase - 
inverter stage, the preceding tube must 
be a pentode and the load is amplified 
by a split -load inverter. The extra gain 
is due to load amplification and practi- 
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Fig. 8- Split -load direct -coupled inverter. 

cally disappears if the preceding tube is 
a triode. 

A version of this circuit is shown in 
Fig. 9. Over -all gain from the 6J7 input 
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Fig. 9 -This inverter provides high gain. 

to one output tube grid is about '700, and 
each output is about 40 volts peak. 

To economize in the use of tubes, at- 
tempts have been made to use one of 
the output tubes as a paraphase -type 
phase inverter. Part of the output volt- 
age is applied to the grid of the other 
output tube. The output load impedance 
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Fig. I0-One 6V6 is a paraphase inverter. 

varies with frequency, so perfect bal- 
ance is obtained over only a narrow 
band. 

Wh'en pentode or beam tubes are 
used, the signal is usually obtained 
from the screen grid across a 1,000 - 
or 2,000 -ohm load resistor. The results 
are disappointing -in practice the cir- 
cuit does not seem to function better 
than a pair of tubes in parallel or the 
Barnes mystery circuit of Fig. 4. One 
of the better circuits is shown in Fig. 10. 

Note that the control grid of one 6V6 
is coupled to the screen grid of the other 
through a .06 -µf condenser. When a sig- 
nal is applied to the upper tube, its 
screen current varies and develops a 
voltage across the 1 4500 -ohm resistor. 
This voltage has the correct magnitude 
and polarity to excite the lower tube. 
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MAGNETIC RECORDERS 
The impetus given during the war to 

magnetic recording has resulted in a 
number of consumer models using both 
tape and wire. The table below lists the 
important data on most currently avail- 
able models. It was originally published 

in the Saturday Review of Literature 
as part of an article by James E. Jump. 

All statements in the table are fac- 
tual, except for the fidelity ratings, 
which are the author's personal opin- 
ions. 

COMPARATIVE TABULATION OF AVAILABLE MAGNETIC RECORDERS 

List 
Manufacturer Price* 
WIRE: 
Brush 

Model BK -303 

National 
Pol yt ro)tics 

Pierce 

Powell 

Webster 

Air King - 

Model A -750 $129.50 $4.95 

Model 4700 $239.50 $4.95 

Cost 
Per Fidelity Appear - Recording 

Hour" ance Time 

$795.00 $8.25 

$79.50 $4.50 

$424.00 $0.00 
(3) 

$225.00 $7.50 
(3) 

$149.50 $5.00 

Module - 
Port- Indexing Rewind tion 

ability Feature Time Indicator 

excellent suitcase 30, 60, 120 yes yes 2, 4, 8, 12 eye 
180 min. 50 lbs. min. 

fair table 
model 

good prufes- 
ional 

good suitcase 

10 min. 

66 min. 

6d min. 

fair suitcase 15, 30, 
60 min. 

fair 

fair 

Precision -Audio 
Products $295.50 $5.00 excellent. 
(Wire Master) (7) 

TAPE: 
Amplifier Corp. 
of America 

Model 800 -A $239 net $5.00 good 

Model 800 -B $263 net $5.00 good 

Model 800 -E $312 net $2.50 fair 

Model 800 -F $322 net $10.00 excellent 

Model 800 -G $401 
net (5) 

Brush 
Model BK -401 $229.50 $5.00 excellent table 

model 

Model BK -403 $375.00 $2.50 excellent suitcase 

suitcase to 60 
min. 

walnut - to 60 
finish min. 
console 

yes no 6 min. ear 
20 lbs. 
Yes yes 
40 lbs. 
yes Yes 
26 Ilse. 

yes no 
28 lbs. 

yes no 
33 lbs. 
no no 

15 min. eye 

7% min. lamp 

2, 4, 8 lamp 
min. 

10 min. lamp 

10 min. lamp 

suitcase 15, 30, yes no 2, 4. 9 2 lamps 
60 min. 45 lbs. (8) min. 

table 30 min. 
model (4) 
table 80 min. 
model (4) 
table 60 min. 
model (4) 
table 15 min. 
model (4) 

$10.00 excellent table 15. 30, 60 
model (4) min. (6) 

Includes microphone, amplifier, speaker and 
recording mechanism unless otherwise noted. 

"Cost per hour of wire or tape at nominal 
speed, whether 60- minute reels available or 
not. 

(1) Carrying case with handle supplied for $16.60 
extra. 

(2) At 4% inches per second. At 7% inches per 
second for maximum fidelity the running 
time is proportionately Iris. 

(8) Recorder and playback mechanism only -no 
microphone, speaker or playback amplifier 
provided. Faster rewind device available at 
$40 extra. 

Yee optional 54 min. eye 

yea (4) optional ',4 min. eye 
401ós. (4) 
yes (4) optional % min. eye 
40 lbs. (4) 
yes (4) optional S(z min. eye 
401bs. (4) 
yes (4) optional i4 min. eye 
401ós. (4) 

80 min. yes yes 1 min. eye 
40 lbs. 

(1) 
30. or 60 min. yes yes 34 min. eye 

(2) 50 lbs. 

(4) Similar portable models available for $42.00 
extra. Other optional features include index- 
ing device at $11.90 extra and automatic pro- 
gram timer at $28.80. 

(5) Includes 3 capstans ($25.00 each) but may be 
purchased with only 1 or 2 capstans. Tape 
cost $2.50, $5.00, $10.00, depending upon 
fidelity desired. 

(6) Bused on 3 capstans. 
(7) Microphone not included - suitable ones 

recommended on request. (Price range from 
$24.00 to $62.00.) 

(8) Automatic timer may be used. 

Idea by Merrylen Townsend, New York City 

"I bought it so I could listen to myself when I sing over the air." 
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