An Analysis of the
Spln‘-Loacl Phase Inverter

GEORGE ELLIS JONES, JR.*

A mathematical proof of the characteristics of the cathodyne
phase inverter which has often been the subject of discussion
as to its balance over the frequency range from lows to highs.

ESIGNERS often avoid using the split-
D load phase invetter due to a rather
widely held impression that its
high-frequency response is very poor.
Using but one triode, it has a very high
input impedance and is readily balanced
at low frequencies to give an over-all
gain of slightly less than two.
Referring to Fig. 1, it may be seen that
the prejudice against this inverter grows
from the apparent differences in source
impedance seen by the plate and cathode
output loads. The cathode source im-
pedance, being that of an amplifier with
degenerative voltage feedback, is low. At
the plate terminal an amplifier with de-
generative current feedback is seen, and
here the source impedance is-high. The
shunting effects of inverter. tubé: apaci-
tances, wiring. capacxtances,w d- mput
capacitances of the following stage are
then supposed to reduce the high-fre-
quency gain more rapidly at the plate

than at the cathode terminal. However,

since these capacitances shunt both ter-
minals simultaneously, the actual situa-
tion is rather favorable.

Based on the preceding dlscussmn we
may make the following analysis.
Where:

Ry =plate load resistance
Ry, = cathode load resistance
rp=dynamic plate resistance
p = amplification factor
Ay, = grid to plate gain

A ka = grid to cathode gain
Z = source impedance
A, = —uRy
P+ (W+I)R+ R
? PRl
+ Ry,

A"":r,,+(u+1)Rk+R,,
Zy=tp+ (W+1)Ry,
Zy= (rp'*'Rb)[\(”‘"'I)
R,=R.=R

\ —uR

4 rpt+ (W+2)R

po= ~ Ay =

Often the two output terminals are
shunted by approximately:.equal im-
pedances. This will occur if:the subse-
quent stage involves wun-neutralized
triodes so that their input capacitances
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Fig. 1. Typical cathodyne split-load phase in-"

verter circuit.

(which will be similar) make trivial the

much smaller and mutually different

wiring and inverter input capacitances.
Cp=plate shunting capacitance

C;, = cathode shunting capacitance

Cp=Cy=C
X,=1/2%fC
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Fig. 2. Schematic of test set-up used to check
calculations.
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It is seen that the gain from grid to
either cathode or plate output is identical,
and with equivalent capacitances as
would normally be encountered, the fre-
quency response'is the same at both out-
puts.

The hlgh—frequency roll off will be the
same for both plate and cathode outputs
and the gain will be down 3 db from the
mid-frequency value at:

fo= L
(T

To verify this derivation the experi-
mental set-up shown in Fig. 2 was used.
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Fig. 3. Frequency response of test set-up un-
der various conditions.

Relatively large values for Cy and C,
were inserted to minimize the unbalance
created by the connection of test probes
and also to bring the calculated 3 db fre-
quency down to a convenient range.

Conditions of the experlment were as
follows:

E 4 =255 volts
E, =165 volts
E;;=96.5 volts
E, =92.5 volts
Ry = Ry =68,000 ohms + 10% (matched)
C,, =(Cp=either 0.05 mfd or 0.01 mifd
+209% (matched) -

) Inspectnon of tube handbook curves

[Contimtéd on page 40}
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since there are no modifications to the Cu .02 uf, 150 v. hearing aid
standard Magnecorder, it is obvious type, paper |
that this amplifier could be used for spe- Cannon XL-3-13 receptacle
; t ot : : P Js Cannon XL-3-14 receptacle
cific applications where its simplicity 7 Single-circuit jack
and compactness was desirable, yet the ]: Jones S-408-AB receptacle
recorder can be brought back to the Ts Jones S-405-AB receptacle
studio and used with the standard am- [, [, Choke, 8 H. at 40 ma. Thor-
plifier whenever necessary. darson T-20C52
LS 4 x 6 in. loudspeaker, 3.2-ohm
PARTS LIST , voice coil .
M VU meter, B scale, Simpson
Ci, C, 10-10-20/450-450-25, electro- Model 45
lytic P, Jones P-408-CCT cable plug
Cs 0025 uf, mica R, R, 47,000 ohms, 4 watt
Cy, Cs .01 uf, 600 v. paper R, 3300 ohms, 4 watt
Cs 1000 pf, 15 v. electrolytic, KR, 1.0 meg, 1 watt
with insulating tube and R 0.47 meg, 1 watt .
mounting clip Rs 1-meg volume control, audio
Ci, Cs, Cuo 40 nf, 450 v. electrolytic taper
Cs 20 nf, 450 v. electrolytic R; 1800 ohms, 4 watt

THEY ALL

Spund

350 WATT
AMPLIFIER

50 WATTS
(peak: 100)
50W-2
$249.50

BETTER WITH A

plifier of the day. Its u

AUD!

02 g

S AMPLIFIER

Une'quoﬂyed for
quality reproduction
of any sound source, the

Mclntosh is the most advanced am-
nique, compact design offers: HIGH-

EST EFFICIENCY —over 65%; LESS THAN 1% DISTORTION
AT PEAK POWER; DYNAMIC RANGE: OVER 70 db; FRE-
QUENCY RESPONSE: 20-20,000 cps.

20 WATTS (Peak: 40)

AE-2 Amplifier
Equalizer -

20W-2 - $149.50

$74.50

SEND FOR ‘P7ee CATALOG Dept. A-5

McINTOSH ENGINEERING LABOCRATORIES, Ini. BINGHAMION. N.v.

Rs 0.22 meg, } watt

R, 0.82 meg, 1 watt

Ry 0.22 meg, 1 watt

Ry 0.56 meg, 4 watt

Ru, Ris 300 Oth, 5 watt, Ohmite
Brown Devil

Ris 27,000 Oth, 1 watt

Ry, 8200 ohms, 2 watt

Ri, Ru 270 ohms, 3 watt

Ry 560 ohms, 4 watt

R 3900 ohms, 1 watt

RECT Federal 1016 Selenium Rec-
tifier

Sta-n 8-pole, 2-pos. wafer switch,
Centralab 1418

Ay DPST toggle switch

T, 30/50,000 input transformer,
shielded, Triad HS-5

T, . Output transformer, second-

ary impedances 500, 15, 8,
g : 2 ohms, UTC S-14
Ts Power transformer, 300-0-
300 v. at 90 ma.; 5 v. at 3
amps; 6.3 v. at 2.5 amps.
Case for ampli- :
fier Langevin Remote Control
Cabinet, Type 1-A
Case for power e
supply Bud Minibox, CU-2109

PHASE INVERTER

[from page 16}

indicate that:

n=18 .

rp = from 15,000 to 20,000
fo= 3,000to 4,000 cps (C =0.05 mfd)
fo = 15,000 to 20,000 cps (C =0.01 mid)

With an input to the inverter grid of
about 2 volts (rms) results, Tables I and

I were obtained and plotted in Fig. 3.

TABLE |
Frequency Relative Gain in db
(cps} ,C=.01 pf C=.05 uf
1090 0 - 0.4
1350 0 -0.6
1550 -08
1740 -1.1
2000 -16
2400 0.1 -24
2950 -3.6
3400 -4.7
4000 -0.1 -59
6300 -0.5
7600 -0.9
8600 -1.1
10000 -1.6
11100 -21
12300 -23
14000 -28
18400 -5.1
TABLE (1
Shunt Capacitance 3-db™ frequency
Calculated Observed
.05 pf 3200 — 4230 2700
.01 uf 16000 - 21100 14200
200 puf 3x10°-4x10° no data

It was found that the high frequency
roll off was the same for both cathode
and plate terminals. The calculation
using 200 ppf should be representative
for the loading presented by a triode in
the subsequent stage. ’

It is believed that these results are
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valid only when the peak a.c. grid signal
is of the less magnitude than the qui-
escent grid bias since greater excitation
will tend to cut off the inverter tube,
making the dynamic plate resistance in-
finite. However, when loaded with sub-
stantially equal impedances and driven at
a relatively low level, the high-frequency
roll-off of this inverter is about the same
as that of a cathode follower; and the
roll-off is the same for both plate and
cathode terminals.

- INTERMODULATION
TESTING

[from page 23]

with the generator section in Fig. 5. The
low frequency, 60 cps, was chosen for

convenience; it is believed sufficiently
low to give an accurate check on am-
plifiers with output transformers of
known high quality. This frequency is
taken from one plate of the rectifier
tube and dropped to a value of slightly
over 3 volts, maximum, through a filter
to reduce the higher harmonics in the
line voltage. The 4000-cps oscillator uses
a 6]5 triode and a tapped coil. A 150-mh
r.f. choke will tune over a considerable
range with a_tap- soldered at about one
third out from center. The selector

switch is set on 60 cy and a suitable volt- -

age reading taken at the output termi-
nals. Resistor R, is then adjusted so as
to give the same voltage after switching
to 4 xc. If desired, a ’scope can be used,
but the foregoing is simple and accurate.
Resistor R, across two contacts on the
selector switch is for the purpose of set-
ting the 4/1 ratio. CauTion: The output
potentiometer must be in the circuit at
all times when these adjustments are
made. The selector switch loads the cir-
cuit to the same extent in all positions,
if connected as shown. The oscillator
output can be adjusted over a wide range
by means of the bias resistor. The gen-
erator as shown, will provide slightly
over three volts of mixed signal. The

- separate 60- and 4000-cps cycle signals
are convenient for general testing, and
for checking the analyzer.

Analyzer Section

In the analyzer portion of the instru-
ment a level control is used for setting
the carrier to a predetermined equiva-
lent of 100 per cent and is connected to
the input jacks, as shown in Fig. 6.
These pin type jacks are located adja-
cent to the generator output jacks so
that the analyzer may be checked for
operation by means of one short piece of
bus bar bent to bridge both upper jacks.
" The large knob is used for selecting the
appropriate functions. The voltmeter cir-
cuit used is sufficiently linear to warrant
the assumption that it is so. It will read
input levels of 5, 10, 25 and 50 volts, full
scale, and was calibrated against an
r.m.s. meter. The particular meter used,
in the circuit shown, reads 0.25 volts,
full scale, with the signal applied to the
grid of the associated section of the
12AT7 tube. The right section of the
selector switch permits measuring full
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MAKING
BOOSTER HISTORY
e TV-1

THE Turner Television Booster Model TV-1 has been on
the market for less than a year, but already is making
booster history. Reports from fringe areas all over the
country are loud in their praise of the consistently superior
performance of the TV-1. Wherever boosters are com-
pared the Turner TV-1 produces the sharpest, clearest pic-
ture . . . the crisp, natural sound TV viewers seek.

" Turner’s advanced electronic engineering, plus solid,
quality construction make the difference. The low-noise-
level Cascode zircuit stabilizes the picture, reduces noise and
snow to a minimum, and produces an excellent picture
under fringe area receiving conditions that nullify the best
efforts of many other boosters.

Single knob continuous tuning permits fine adjustment
for best possible reception of both picture and sound.
Three position control switch turns on TV set only, TV
set and booster, or shuts off both set and booster. The TV-1
also may be used to amplify FM, mobile and aviation
radio signals. ’

The unit is quickly and easily installed. Attaches to any
television set. Attractive styling and neutral finish harmo-
nize with any furniture design.

Contact your Turner representative or write direct.
List price_________ $57.50

For the best possible TV reception, turn to

wTURNER ===

e TU RNER company

000 17th Street N.E., Cedar Rapids, lowa

IN CANADA: EXPORT:
Canadian Marconi Co., Ad. Auriema, Inc.,
Toronto, Ont., and Branches 89 Broad Street, New York 4
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