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WANTED! 
Case Histories of 

Cornell-Dubilier Capacitors 

♦ 

Hundreds of Dubilier mica and paper capacitors 

made over a decade ago and more, are still giving efficient 

and reliable service in radio and electronic equipment. These 

capacitors are as good today as the day they were made. 

We are collecting case histories of such units. 

If you know of a Dubilier capacitor ten years old or more, 

in use today, please tell us all about it and in what type of 

equipment it is used. A post card will do. Thank you. 

♦ 
Address: 

EDITOR. THE C-D CAPACITOR 

Comell-Dubilier Electric Corporation, 
South Plainfield, N. J. 
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A Free Market-Place for Buyers, Sellers, and Swappers. 

These advertisements are listed FREE of charge to C-D readers so if there is any¬ 
thing you would like to buy or sell; if you wish to obtain a position or if you have a 
position to offer to C-D readers, just send in your ad. 

These columns are open only to those who have a legitimate, WANTED, SELL or 
SWAP proposition to offer. The Cornell-Dubilier Electric Corp, reserves the right to 
edit advertisements submitted, and to refuse to run any which may be considered un¬ 
suitable. We shall endeavor to restrict the ads to legitimate offers but cannot assume 
any responsibility for the transactions involved. 

Please limit your ad to a maximum of 40 words, including name and address. Ad 
vertisements will be run as promptly as space limitations permit. 

FOR SALE—Kolster K20 radios for P.M. 
speakers. Colonial radio chassis and 
spkr. for model 38; Kolster K5 ampli¬ 
fiers; RCA Victor R32 radio; G.E. chas¬ 
sis and speaker, table mod. K32; Ma¬ 
jestic table mod. 370 and speaker; Ma¬ 
jestic 90B and 90 spkr. Ultra violet car¬ 
bon lamp; electric shaver. Louis A. 
Goldstone, 1279 Sheridan Ave., Bronx 
56, New York, N. Y. 

FOR SALE—Brand new tube checkers, 
G.E. model TC-3, test all tubes, past, 
present and future, portable carrying 
case. Limited supply. Victor Kozma, 
3104 Wilkinson Av., New York 61, N. Y. 

FOR SALE—Radiotron Designer's Hand¬ 
books, price $1.10 postpaid. A hand¬ 
book of receiver design for servicemen 
and engineers. Description upon re¬ 
quest. The Engineers' Book Co., Box 
575, Alexandria, Va. 

WANTED—Amperite kontak mike, auto¬ 
matic changer, prefer Garrard or Cape¬ 
hart. Will pay cash. Have television 
parts for sale F. I. Lydon, 54 Fair 
St., Norwalk, Conn 

FOR SALE—Superior channel analyzer 
$25.00. Rider's Manuals 1 through 8, 
$55.00. Prices are F.O.B. Cleveland 
Roth Radio Lab., 3646 Antisdale, Cleve¬ 
land Heights, Ohio. 

FOR SALE OR SWAP—For photography 
equipment, test instruments and serv¬ 
ice books. For complete list write Edw. 
Podufaly, 1313 N. Vernon, Dearborn, 
Mich. 

WANTED—Late model tube tester, sig 
gen., voltohmeter, condenser tester, 
also 2-speed recorder and playback, 
and Rider's Manuals. Lew's Radio 
Service, 233 S. Conn. Ave., Atlantic 
City, N. J. 

FOR SALE—Stancor A pack, new, Master, 
$50; Remington rifle, new condition, 
$20.00, pump action .22 cartridge. 1/4 
h.p. G.E. electric motor, A-l, $10.00, 
Philco 1941 auto radio, new, $45.00 
Paul Capito, 637 W. 21 St., Erie, Pa. 

WANTED—Test equipment, such as Hic¬ 
kok, Supreme, Precision, tube check¬ 
ers, VOM meters, prefer late models. 
Send price, condition, etc., in first let¬ 
ter, to Charles F Elgasser, Jr., 2771 
"A" Street, San Diego 2, Calif 

WILL SELL — RCA phono-oscillator with 
small mike, complete schematic and 
wiring diagrams included; range 900-
1200 kilocycles. Used about 10 hours. 
Will sell for S5.00. F. J. Timka, Jr 
1211 Park Ave., Rochester, N. Y. 

TRADE—RCA oscillograph model 155A 
for Hallicrafters SX-24 or S20R plus 
$18.00. Has new RCA 3AP1 cathode 
ray tube. Challes Franklin, 17 W. Kel¬ 
ler St., Mechanicsburg, Pa. 

FOR SALE—Gardiner-Levering automatic 
code sender, model S, 115 V, 50/60 
cycles ac, with ten tapes. Like new 
$10 cash or C.O.D. Howard A. Fischer, 
1510 Washington St., Wisconsin Rap¬ 
ids, Wis. 
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FOR SALE—One 34 h.p. electric a.c. mo¬ 
tor, 60 cycles, 110 v., 3450 r.p.m. This 
is a Craftsman motor, ball bearings. 
New, never used, $32.00. Clair E. 
Breth, Sr., 213 South 4th St., Young¬ 
wood, Pa. 

WANTED — Superior channel analyzer, 
model 1230, or American 4103 signal 
generators. H. R. Ringold, 132 N. Do¬ 
heny Dr., Beverly Hills, Calif. 

WANTED—One modern tube tester which 
will check all new type tubes. Good 
condition. State price. Also want fol¬ 
lowing tubes 2 35L6, 2 117Z6GT, 2 
1A7, any type. Worden Radio Shop, 
Friend, Nebraska. 

FOR SALE OR TRADE -Rider's Manuals 
1 to 6, and No. 13, also two vols. 
Gernsbach. Will sell or trade for Su¬ 
preme Vedolyzer and signal generator. 
Frank J. Moen, 5925 South Albany Ave¬ 
nue, Chicago, Ill. 

WILL SELL—Supreme Vedolyzer, model 
560A, metered A.F. and R.F. oscillator, 
model 561, multi-meter and analyzer, 
model 592; Stancor power pack, model 
132; Triplett tube tester, model 1213, 
Triplett multimeter, model 1200E. Joseph 
Tomalesky, 30 Fabyan Place, Newark, 
New Jersey. 

FOR SALE — Hickock counter type tube 
tester, Philco automatic record changer 
with cutting arm, Superior channel an¬ 
alyzer, Modern Radio Servicing book 
by Ghirardi and No. 8 Rider Manual. 
$140.00 takes all. Supreme Co., 107 E. 
Long Ave., New Castle, Pa. 

FOR SALE—Meissner 8 tube ac-dc FM 
tuner complete with new tubes, tuner 
chassis perfect, cabinet bit marred. 
Price $20.00. All letters answered. Also 
clockwork Instructograph with built-in 
oscillator and good batteries, complete 
with ten tapes. Used very little. Price 
$23.00. Maurice Rushworth, 531 South 
Longwood St., Baltimore 23, Md. 

FOR SALE—Seven space heaters, Norge 
and Quaker, all inquiries answered 
Frankenstein Sales <S Service, 437 Penn¬ 
sylvania Avenue, Brooklyn 7, New 
York, N. Y. 

WANTED—872A rectifiers, pair of Eimac 
1000 tubes, filament transformers for 
above tubes; No. 0 or 00 wire; 3” or 
5" oscilloscope; microammeters; Driver 
transformers for above tubes. H. N. 
Luke, 2113 Somerset Place, Oklahoma 
City 6, Oklahoma. 

WANTED—Recorder and play back with 
2 speed motor. Must be in excellent 
condition, also late model analyzer and 
tube checker. Lew's Radio Service, 
233 S. Conn. Ave., Atlantic City, N. J. 

FOR SALE—Two Crosley model 417 in¬ 
teroffice communication sets, each unit 
complete, two-way talk-listen, perfect 
condition, each has 6J7, 25A7, 25A6. 
Best offer takes or will trade for first 
class, all-wave sig. gen. J. B. Tan¬ 
nehill, 210 South College, Salem, Ill. 

SWAP—Portrait camera, Voigtländer 37 
mm, 13 in. focal length lens. Uses 6x8 
film. Rising, falling, removable front 
Tilting removable back, 6 film holders, 
6 printing frames; 13x12x8 wood case 
5 ft. tripod. Extra lens flange. S. Mil¬ 
len, 40 Wayland Street, Boston, Mass. 

WANTED — Capacitor Bridge BN and 
good ac signal generator. State model, 
condition, and price in your letter. 
Will exchange 35Z5 and 12SK7 for 
12SA7 and 12SQ7. Tubes to be perfect 
and in sealed cartons. Louis Fialkoff, 
143-48 41st Avenue, Flushing, New 
York. 

FOR SALE—Rider's Manuals 1 to 8 in 
new condition. Readrite 430 tube 
checker with Triplett meter. Double 
button carbon mike with desk stand 
and cord. C Klepper, 122-20 Linden 
Blvd., Ozone Park 20, New York. 

FOR SALE—Voltohmeter, 9" dial scale, in 
perfect condition $55; also signal gener¬ 
ator, covers 100 k.c to 90 m.c. in har¬ 
monics, $45. C. C. Levenburg, 2725 W. 
Boston, Detroit 6, Mich. 

WANTED—Good used tube tester pre¬ 
ferably Triplet, to test all tubes to date. 
Albert W. Johnson, Box 473, Wakefield, 
Neb. 

WANTED—Instructograph with earphones 
and key. State condition and price 
wanted. Also want model airplane mo¬ 
tors. Robert Phillips, P. O. Box 353, 
Genoa, Illinois. 

FOR SALE—Two *4 horse elec. Frigidaire 
motors. Buckwheat coal blower, com¬ 
plete with day-nite controls, thermostat, 
wire. Weston 0-200 m.a. meter. Radio 
Shop, No. 12 Bellevue, 225 No. 63rd St., 
W. Philadelphia 39, Pa. 

WANTED—Second intermediate tranfs. for 
Majestic 15 (Grigsby-Grunow) original 
part no. 8384 : 4429, Carrons D-4089, 
Meissner 20-5310. General Radio Service, 
1203 Eckart St., Fort Wayne 5, Indiana. 

WANTED—3 dimensional pantograph ma¬ 
chine. Cash for Deckel, Gorton or what 
have you. R. Rosenwasser, 1177 East 
14th St., Brooklyn 30, New York. 

WANTED—Fresh water casting reel, level 
wind in good condition. Have meters 
and parts. H. B. Mawby, 2273 Cove 
Road, Merchantville, N. J. 

(Continued on page 15) 
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PHASE INVERTER CIRCUITS 
In the search for simplified and more 

economical circuits for radio receiver 
and amplifier construction, it was only 
natural that some means should be 
developed to eliminate the push-pull 
input transformer which is bulky, sus¬ 
ceptible to hum pickup, and often a 
source of frequency discrimination. 
Without doubt, good transformers are 
available which are capable of supply¬ 
ing the desired results, but good trans¬ 
formers are far more costly than a few 
resistors and another tube. The de¬ 
velopment of the beam power with its 
high power sensitivity, and the general 
use of inverse feedback to eliminate the 
effects of cabinet resonance, speaker 
resonance, and deficiencies otherwise 

Fig. 1. Conventional twe-tube phase 
inverter circuit. 

occurring in a production model, have 
advanced the use of phase inversion 
which eliminates the phase shift intro¬ 
duced by the input transformer. This 
effect is particularly vicious in the 
"driver" type of transformer. 

Theoretically, a perfect phase in¬ 
verter should be capable of taking a 
signa! applied to its input and con¬ 
verting it to two signals of exactly 
equal magnitude which are exactly 
180° out of phase, and which are exact 
facsimilies of the input signal. Ac¬ 

tually, such perfect phase inversion is 
seldom obtained, nor is it absolutely 
necessary, for other considerations 
render it difficult to detect by ear slight 
differences in either phase or ampli¬ 
tude of a push-pull signal. This 
article has been written to point out 
the advantages and disadvantages of 
the more common types, and to pre¬ 
sent a new circuit, which, while not 
original with the writers, was investi¬ 
gated by them. 

The most obvious circuit for phase 
inversion, and one in common use is 
that of Fig. 1. The signal is applied 
to the grid of Vi, is amplified, and ap¬ 
pears at point B. which is to be con¬ 
nected to the grid of one of the output 
tubes. A portion of that signal is fed 
back to the grid of the second tube, 
Vs, that portion being tapped off at the 
junction of R> and Rs. Rs can be de¬ 
termined from the formula 

Ri + Rs 
where As is the voltage gain of the 
stage Vs. Ra is presumed to be equal 
to Ri 4- Rs. The voltages available for 
the grids of the following tubes, E g) 
and E«, are equal, opposite in phase, 
and can be represented by E, X Ai, 
where A, is the voltage gain of V,. 
With respect to the phase differential, 
there can be no doubt that there is 

Fig. 2. One-tube phase inverter with 
input above ground potential. 

By C. G. McProud and R. T. Wildermuth in "Electronics. 
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180 shift between points B and D, 
but there is a slight shift between 
D and E, which is caused by Ca and 
Ra. This could be corrected by the 
addition of another phase shifting ele¬ 
ment, G, and Ri. Granted that this 
phase shift is slight, in some cases 
where large amounts of inverse feed¬ 
back are used, it contributes to the 
limiting of the maximum that can be 
used. The main disadvantage of the 
circuit lies in the fact that if V: should 
age, or should lose enough emission 
to seriously affect its amplification, the 
two output voltages are no longer 
equal, with attendant distortion. The 
main advantage lies in the gain ob¬ 
tained from the circuit in addition to 
the inversion. Variations of this cir¬ 
cuit are common enough, in which 
V2 is of a different type, or both V, 
and V2 are in the same envelope, but 
the same factors apply to all of them. 

A circuit which performs the in¬ 
version with only one tube is shown 
in Fig. 2. The main disadvantage 
here is the necessity for introducing 
the signal between points which are 
considerably above ground poten¬ 
tial. Differences in capacity between 
ground and these points will affect 
the similarity between the signals ap¬ 
pearing at the grids. The output volt¬ 
ages here will be seen to be 

E„ = E„ = i/2 A E. 
Ra and R. are equal. The bias for 
the tube is developed across R2, with 
the customary by-pass condenser, G. 

This circuit can be improved by 
introducing the signal between grid 
and ground, which will remove one 
of the objections to it. Then the de¬ 
generation which occurs across re¬ 
sistor R,. will reduce the gain of the 
stage to approximately zero. From 
the standpoint of cost, this circuit is 
a satisfactory solution, since, exclud¬ 
ing the input condenser C, and the 
output condensers Q, and C. which 
are common to all of these circuits, 
only one tube, four resistors, and one 
high-capacity, low-voltage electrolytic 
condenser are used. 

As long ago as 1937, there appeared 
in print another circuit. Fig. 3, which 
is essentially the same as the one just 

discussed. In this case, the bias was 
obtained from a point on the voltage 
divider. Assuming that the voltage 

Fig. 3. One-tube circuit with bias 
obtained from separate supply. 

divider would be used anyway, the 
components are reduced to one tube 
and three resistors, though it is highly 
probable that some filtering would be 
required in the grid circuit. In the 
article cited, the tube used was a 76, 
with R2 and Ra 25,000 ohms each. It 
was claimed that the output voltages 
were approximately 0.8 E,, resulting 
in a loss of 2 db. By increasing the 
values of R2 and Ra to 50,000 ohms, 
the output becomes equal to the input. 

In Fig. 4, the phase inverter of 
Fig. 2 has gone through another stage 
of simplication, and now requires the 
tube and four resistors. Ra and R« 
are 50,000 ohms each. R„ represent¬ 
ing the input impedance of the stage. 

Fig. 4. Method of obtaining bias 
from plate supply. 
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Fig. 5. Complete amplifier with direct-coupled input stage. 



is set at 0.5 megohm. R~ is selected 
to produce the proper grid bias. With 
the other values mentioned, R: comes 
out to be 1.5 megohms. This value 
is not at all critical, and the usual 
resistance tolerances will be close 
enough to make an excellent phase 
inverter. Nor is the circuit critical 
about what kind of tube is used, a 
low-mu or a high-mu triode, or a 
pentode, the output is still the same, 
equal to the input. The triode is 
naturally simpler, so a 6J5 or a 6SJ7, 
triode connected, is preferred. There 
is no amplication, since in adding up 
the voltage gain of several stages to 
obtain the overall of an amplifier, none 
should be considered as coming from 
the inverter. There is a slight dif¬ 
ferential in the phase shift occurring 
at the two output grids, which was 
thought to be due to the capacity 
between cathode and a normally 
grounded heater. Actually, the shift 
is around 2° at 8000 cps, which is 
slight enough to overlook. It can be 
corrected by decreasing the grid leak 
on the plate side, but that introduces 
other difficulties which are more ob¬ 
jectionable. For exact equality in am¬ 
plitude of the output voltages, R3 
and R. should be balanced as closely 
as possible. 

At a plate supply potential of 200 
volts applied at B-|-, the plate cur¬ 
rent is approximately 1.0 ma. There¬ 
fore the cathode is 50 volts above 
ground. The Rs Rt network applies 50 
volts to the grid. The plate current 
increases sufficiently to place a bias of 
about 4.5 volts to the grid, automatic¬ 
ally balancing itself to that operating 
condition, no delicate adjustments be¬ 
ing necessary. Measurements show 
that with a 250-volt supply a r-m-s 
voltage of 45 volts can be obtained 
with 2 per cent distortion, which is 
more than enough to drive a pair of 
45 s in the 275-volt operating condi¬ 
tion, in which they require 39 volts 
r-m-s. This requires an input volt¬ 
age equal to that which can be sup¬ 
plied easily by a 6R7 with 250-volt 
supply and a load resistor of 0.25 
megohm. The output voltages ob¬ 
tainable with a 6J5 in this circuit, 

with 2 per cent distortion are shown 
in the curve in Fig. 6. 

With 50 volts available on the grid 
of the inverter tube, the next step is 
to couple the preceding tube directly 
to it, using that voltage for its plate 
supply. Normally, the other tube 
would be coupled to this grid through 
a condenser, using a separate load 
resistor with the attendant decoup¬ 
ling filter resistor and condenser. This 
has been found unnecessary, for the 
plate of a 6F5 or 6SF5 can be con¬ 
nected directly to the 6J5 grid with 
considerable improvement in overall 
operation, particularly if inverse feed¬ 
back is to be used. The bias resistor 
of 5000 ohms, not bypassed, is a logi¬ 
cal point for the introduction of the 

Fig. 6. Output voltage from 6J5 as 
function of plate supply voltage. 

feedback voltage. Figure 5 shows the 
complete circuit of an amplifier using 
this system. The bias-balancing re¬ 
sistor has been reduced to 1.0 megohm 
to make up for the plate current of 
the 6F5. Without feedback, an input 
signal of 0.44 volts r-m-s is all that 
is required to drive the 6L6’s to over¬ 
load. With 17db of feedback, the 
input requirements increase to 3.1 volts 
r-m-s for maximum output. In the 
circuit shown, using two 500-ohm out¬ 
put transformer secondaries in shunt, 
the feedback resistor, Rr will give 10 
db of feedback when its value is 240,-
000 ohms. 100,000 ohms will give 17 

(Continued on page 14) 
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OPEN-GRID TUBES IN 
LOW-LEVEL AMPLIFIERS 

For certain applications in amplifiers 
requiring .a high input resistance and 
low noise level it has been found de¬ 
sirable to eliminate the grid leak, and 
no undesirable effects resulted from 
using the tubes in this manner. Exam¬ 
ples of such applications are ampli¬ 
fiers operating from a low-level, high-
impedance source, amplifiers that must 
present the smallest possible load to 
the preceding stage, and amplifiers that 
must handle signal voltages of the 
same order as the noise level. Actu¬ 
ally, operation of a tube with an open 
grid is less noisy than operation with 
a grid leak. 

Problems To Be Overcome 
Different objections to the use of 

open grid tubes can be summed up as 
follows: 

(1) It has been suggested* that if the 
operating temperature of the tube is 
high enough, the grid will emit elec¬ 
trons. When this occurs in a conven¬ 
tional circuit, the resulting current 
through the grid leak (generally a re¬ 
sistance of about 2 megohms connected 
between grid and cathode) will make 
the grid less negative and increase the 
space current, thus increasing the tem¬ 
perature. If the grid becomes positive, 
electrons flowing to it will increase the 
grid temperature and might produce 
secondary emission. The grid will con¬ 
tinue to become less negative as long 
as the number of electrons leaving the 
grid exceeds the number entering. This 
process is cumulative and may result 
in damage to the tube. The process 
might be aided initially by the flow of 
positive ions to the grid when it is 
negative. This effect would be most 
pronounced in a soft tube. It has been 

* By Robert J. Meyer, "Electronics." 

FIG. 1—Noise leve! vs. cathodeto-grid 
voltage lor a 6SJ7 tube connected as a 
triode, with 40 in the grid circuit 
to simulate a high-impedance crystal 

pickup having no shunt resistance 

asserted that the use of extremely high 
cathode-to-grid resistance (such as an 
open grid) would tend to aid the proc¬ 
ess by producing large voltage drops 
in the grid circuit. 

(2) If the grid leak is omitted, elec¬ 
trons will flow to the grid from the 
cathode and the grid will accumulate 
a negative charge.2 Then any slight 
change in the grid capacitance would 
change the grid potential and produce 
fluctuations in the plate current. 

(3) There is a small current flowing 
between the cathode and the grid 
through the leakage paths. However, 
these leakage paths are continually 
changing and thus there is a random 
fluctuation in the grid leakage current 
which produces noise in the tube. This 
effect should be most prominent dur¬ 
ing the time when the tube is heating. 
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Nohe in Amplifier Circuits 
The three principal types of noise 

in an amplifier circuit are flicker, shot 
effect and thermal agitation. These 
noises can be considered as being de¬ 
veloped by equivalent generators in the 
grid circuit of a noise-free tube. 

The flicker voltage, which is pro¬ 
duced by irregularities in the tempera¬ 
ture of the heating element, is inverse¬ 
ly proportional to the square of the 
frequency. 

Shot noise is uniformly distributed 
throughout the frequency spectrum, in¬ 
dependent of the electron velocity and 
independent of the manner in which 
the total current divides between the 
electrodes. The values of the shot 
voltage E for triodes can be calculated 
from the formulas3

(1) 

I £| = 2 X 10-“VûF/y« 

For pentodes, the formula is 
(2) 

The thermal agitation voltage de¬ 
veloped by a resistor is 

(3) 

& = 4KTRSF 

where R is the resistance, &F is the 
frequency band passed, T is the tem¬ 
perature in degrees Kelvin and K is 
Boltzmann’s constant (1.39 X 10-33 ). 

If the impedance in the grid circuit 
is not a pure resistance, the resistive 
component is a function of the fre¬ 
quency and the voltage can be obtained 
from: 

(4) 

& = 4KT R(f)dP 

These formulas apply only to wire¬ 
wound resistors or to carbon resistors 
in which no current is flowing. 
There is always some capacitance 

across a resistor and this parallel com¬ 
bination forms a low-pass filter which 
affects the thermal agitation voltage e 
as follows: 

(5) 

e = 1.28 X lO-“^ÄFo(tau-^ -

where Fo = l/2trRC and F2 and F2 are 
the upper and the lower frequency 
limits, respectively, being considered. It 
can be seen from Eq. ( 5 ) that the ther¬ 
mal agitation voltage output of an RC 
combination is independent of the 
value of R, because F, = 0 and Ft = 
Fo, reducing e from a function of R 
and C to a function of C only. 

If the noise voltage from an RC com¬ 
bination is applied to an amplifier, 
some of this voltage may be in a part 
of the frequency spectrum which is not 
passed by the amplifier. In this case the 
voltage passed by the amplifier would 
be a function of R as expressed in Eq. 
(5), where F, and F2 would now be 
the frequency limits of the amplifier, 
and R and C would be the grid leak 
and the input capacitance in the am¬ 
plifier circuit. If Fi is very much less 
than the upper frequency limit of the 
amplifier, Eq. (5) reduces to: 

(6) 

e - 1.28 X 1(F“</_Î_ cot- p 
1 X U Fj 

The form of Eq. (5) can be changed 
to show more clearly the relation be¬ 
tween the thermal noise and the value 
of R. 

(5a) 

e - 1.28 X KF“ 

2^ (tan-1 2 t Ft CR - tan"12 t Ft CR) 
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(5b) 
r 2 t Ce' 1 _ 

tan L(l-28 X 10-‘")2J 
2rC (Ft- Fi) R 
1 + 4 r2 Fi Fi ” R2

Eq. 5 (b) shows that the noise in¬ 
creases as the value of R increases from 
zero, reaches a maximum at some finite 
value of R, and decreases as the value 
of R is increased beyond this value. 
This equation shows that operation of 
a tube with an open grid would be less 
noisy than operation with a grid leak. 
In an amplifier circuit, to obtain mini¬ 
mum noise, the grid leak is sufficiently 
high if the thermal noise is less than 
the shot effect. 

Another source of noise is the flow 
of leakage current between the cathode 
and the grid. This noise would be at 
a minimum when the cathode-to-grid 
voltage is at a minimum. Thus the 
tube would be quietest with a proper 
value of bias and it remains to be 
shown that the open grid tube auto¬ 
matically biases itself to that bias volt¬ 
age. 

To aid in determining the desirabil¬ 
ity of an open grid, a low noise level, 
wide-range amplifier was built. The 
first stage had a 6SJ7, triode-connected, 
with a gain of 11 db. The next two 
stages, using 6SJ7 tubes, had a gain of 
68 db. The output stage, using a 6T5, 
was a cathode follower. The fre¬ 
quency response was down 6 db at 
200 cycles and at 200 kc. The entire 
amplifier was built in a copper box 
which gave excellent shielding. Be¬ 
cause flicker noise is a low-frequency 
effect and not dependent apon the grid 
leak, a high-pass constan:-K filter was 
placed at the output of the amplifier to 
suppress frequencies below about 650 
cps and thus substantially eliminate the 
dicker effect. 

Experiments With Open-Grid Tubes 

The first tests were made with a 
cathode resistor alternately in and out 
of the first stage. A 40-u«f capacitor 
was used in the grid circuit to simu¬ 
late the condition of an open-grid tube 

operating from a high-impedance crys¬ 
tal. For the next two measurements a 
35-megohm resistor was put in parallel 
with the capacitor to give the condi¬ 
tion of operation with a high-value 
grid leak. Finally, the grid was shorted 
to obtain the value of the tube noises. 
The noise at the grid was obtained by 
dividing the noise output by the gain. 
Typical results are given in Table 1. 

TABLE 1. EFFECT OF CATHODE 
RESISTOR ON NOISE 

Cathode Noise **, 
Resistor Grid Circuit Impedance Grid (m’I 
In 40 imf 3 32 
Out 40 mm/ 4 » 
tn 40 uu/and 35 meg. 3 68 
Out 40 mm/and 35 meg. 8.40 
In Short 3.00 
Out Short 3.69 

These results show that the noise 
is less with an open grid than with a 
grid leak. In all three cases the noise 
is less with a cathode resistor than 
without one. This result is to be ex¬ 
pected, for the cathode resistor volt¬ 
age drop reduces the voltage between 
the cathode and the grid, reducing the 
leakage current and the noise resulting 
from it. The value of noise obtained 
with a grid leak and no cathode resis¬ 
tor is exceptionally high, probably be¬ 
cause the zero bias allows a compara¬ 
tively high value of grid current to flow 
through the carbon grid leak, greatly 
increasing the noise across the resistor. 

Effect of Cathode Resistor Value 
Noise measurements were taken with 

different sizes of cathode resistors. The 
test was made with 40 uuf in the grid 
circuit. The resulting curve of noise 
level vs. cathode voltage is not so im¬ 
portant as the curve of noise level vs. 
Cathode-grid voltage. Since this volt¬ 
age cannot be measured directly be¬ 
cause any voltmeter would upset the 
circuit conditions, it was necessary to 
obtain a calibration curve of plate po¬ 
tential vs. grid voltage without a cath¬ 
ode resistor. 

The curve of noise level vs. cathode¬ 
grid voltage is given in Fig. 1. Least 
noise is obtained for that value of 
cathode resistor which gives cathode¬ 
grid voltage of —1.2 volts. The 
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FIG. 2—Noise level vs. grid leak value for a triode-connected 6SJ7 tube. Curve 
B is for very low values of grid-cathode resistance 

FIG. 3—Noise level vs. plate voltage for a triode-connected 6SJ7 tube with 
two different grid circuit arrangements. Curve A—40 MMf in grid circuit; 

curve B—40 Wf in parallel with 35 megohms in grid circuit 
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open - grid tube seems to automati¬ 
cally bias itself approximately to that 
value which gives the least noise. The 
effect of electron flow to the grid 
(which tends to make the grid nega¬ 
tive) and the effects of emission from 
the grid and gas current to the grid 
(which tend to make the grid positive) 
balance each other to give the grid a 
small negative bias. 

The foregoing test was repeated with 
a 35-megohm grid leak in addition to 
the 40 /(wf capacitor. The minimum 
noise obtained was greater than the 
minimum noise without the grid leak. 

Effect of Grid Leak Value 
Figure 2 shows the relation between 

the noise level and the value of grid 
leak. These readings were taken with 
a 750-ohm cathode resistor. Except for 
a shorted or nearly shorted grid the 
best signal-to-noise ratio is obtained 
with an open grid. For the constants 
in this test, i.e., amplifier frequency 
response and input capacitance, the 
worst ratio is obtained for a grid leak 
around 100,000 ohms. For a different 
amplifier the worst ratio would occur 
at a different value of grid leak but 
the general shape of the curve would 
be the same. These results are in agree¬ 
ment with Eq. 5(b) and the discussion 
following it. 

Effect of Plate Voltage 
The relation between the plate volt¬ 

age on a tube and the noise level at 
the grid is given in Fig. 3. Again 
there is less noise without a grid leak 
than with a grid leak, but in both 
cases the best signal-to-noise ratio is 
obtained for a plate voltage of about 
90 volts. 

It would be expected from Eq. ( 1 ) 
that the noise would continue to de¬ 
crease as the plate voltage is increased 
because the j?„. is increasing. However, 
the larger number of positive ions and 
secondary electrons present in the tube 
at higher plate voltages tends to make 
the tube slightly noisier. 

Effect of Temperature and Time 
In various measurements it was no¬ 

ticed that the noise changed as the 

temperature of the tube changed, the 
noise in a cold tube being greater than 
the noise in a warm tube. This effect 
is undoubtedly due to leakage paths, 
which change as the tube is heated and 
become saturated when the tube is 
hot. The change in the noise level is 
just as great with a grid leak as with¬ 
out one, and thus the addition of a grid 
leak does not reduce the noise due to 
the random leakage paths. An attempt 
was made to reduce this transient effect 
by boiling the tube and its socket in 
wax, but this did not help nor did it 
reduce the noise level. 

A long-time test was performed on 
five 6SJ7 tubes by continuously draw¬ 
ing plate current through the tubes and 
measuring the noise level at certain 
time intervals. Typical results are 
given in Fig. 4. It can be seen that 
the tubes have a general tendency to 
become noisier with age, but that in 
all cases, the noise is greater with a 
grid leak than without a grid leak. 

FIG. 4—Noise level vs. number ot hours 
of continuous operation for a triode-
connected 6SJ7 tube. Curve A—40 MMf 
in grid circuit; curve B—40 MMf in 

parallel with 35 meg in grid circuit 

These tests show that tubes operated 
without a grid leak do not tend to be¬ 
come any more erratic than tubes op¬ 
erated with a grid leak. 

Conclusions 
In the experiments performed, the 

noise level was always less without a 
grid leak than with one. In no case 
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did omission of the grid leak lead to 
excessively high plate current or to 
high operating temperatures, nor did 
the grid bias become high enough to 
block the tube. In the aging test, 
open-grid tubes also performed better 
than tubes with a grid leak. The noise 
is also less with a cathode resistor (of 
proper size) than without one. With 
a fixed bias resistor and variable plate 
voltage the least noise was obtained 
with a plate voltage of about 90 volts 
for a 6SJ7 tube. 

If the tubes are to be operated with 
nearly zero grid bias the lower noise 
level obtained by the omission of the 
grid leak is especially noticeable. From 
Table 1 it can be seen that for opti¬ 
mum grid bias the ratio of noise with a 
grid leak to the noise without a grid 
leak is 1.11, and for zero bias this 
same ratio is 1.97. This shows the 
advantage of operating without a grid 
leak for zero bias. 

Operation of a tube without a grid 
leak seems practical in applications in¬ 
volving low-level operation, with no 

d-c potentials in the preceding stage, 
and a negative grid bias of not more 
than about 2 volts. 

Tests were also performed on pen¬ 
tode-connected 6SJ7 tubes and on 6J5 
tubes, and similar results were ob¬ 
tained. 
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PHASE INVERTER CIRCUITS 
(Continued from page 8) 

db of feedback, 68,000 ohms 20 db, 
52,000 ohms 22 db, and 36,000 ohms 
24 db. The amplifier is perfectly 
stable with 22 db of feedback. When 
it was first constructed, the conven¬ 
tional method of coupling the 6F5 
and the 6J5 was used, and with that 
connection, the amplifier became un¬ 
stable with 17 db of feedback, due to 
phase turnover. With the slight 
change to direct coupling, the addi¬ 
tional 5db became available, using 
the same parts throughout otherwise. 
It will be noted that the output trans¬ 
former has its two 125 ohm secondaries 
strapped in parallel, a connection ad¬ 
vanced by J. N. A. Hawkins to in¬ 
crease the available feedback due to 
the reduction in leakage reactance in 

the transformer, and consequent de¬ 
crease in phase turnover. 

The complete amplifier shown has 
a gain of 60 db, figured as most public 
address amplifiers are, from a 100,000 
ohm source. Measured with a gain¬ 
set terminated with 500 ohms, with the 
500,000 ohm input bridged directly 
across it, it has a gain of 30 db; 
with the feedback resistor of 100,000 
ohms removed, the gain increases to 
47 db. With a suitable input trans¬ 
former, and using the feedback of 17 
db, it makes a very useful power am¬ 
plifier to follow a pre-amplifier, mixer 
and booster or similar equipment with 
a nominal output level of 0 db. It is 
flat to within 0.2 db from 30 to 13,000 
cycles, and has a power output of 
35.2 db at 2 per cent distortion, that 
is, roughly, 20 watts. 
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THE RADIO TRADING POST 
(Continued from page 4) 

FOR SALE—Desk type fluorescent lamp 
adjustable, fastens with screws to bench 
or desk, with 15 w. bulb, price $6.50. 
W. Freising, 1702 6th St., Rensselaer, 
New York. 

WANTED—Late Sprayberry or NM com¬ 
plete radio course. State condition and 
lowest price. Albert Spector, 178 Cor¬ 
nell St., Roslindale 31, Mass. 

FOR SALE—Meissner F.M. converter, first 
class shape, make offer. Want crystal 
pickup, phono motor, recorder. A. M. 
Stump, 311 Marathon Avenue, Day ton 
6, Ohio. 

FOR SALE—Three 2V> meter Abbott trans¬ 
mitter, receiver, TR4s, including Mal¬ 
lory Vibrapacks 552s, with auxiliary high 
voltage filters and Mallory battery 
chargers. Mikes and cables included, 
like new. Holden Radio Service, 405 
Tarkiln Hill Rd., New Bedford, Mass. 

WANTED — Test instruments that are 
broken. Give price and complete de¬ 
scription and condition in Irst letter. 
Radio-Electronics Lab., Rt. 1, Box 
1262-A, Houston, Texas. 

WANTED—Handee, Craftsman, or Moto-
Tool electric grinder; drill press, lathe, 
bandsaw, Argus C-3 camera. State 
make, model, condition and price. J. 
W. Bourke, 196 Clinton Ave., Brooklyn 
5, New York. 

WANTED—VOM with 1000 oh ns per volt 
sensitivity with zero adjustment. Also 
meters with same sensitivity. Will pay 
cash, or exchange with D5T model 
American dynamic mike, new. George 
Uyeda, 868 N. University Ave., Provo, 
Utah. 

FOR SALE—Na-ald 907 kit of 5 adapters, 
plug, cable, etc., never used, $5. Super 
Radio Service, 138 Vine St., Plymouth, 
Pennsylvania. 

FOR SALE — One each of ‘he following 
guaranteed tubes at OPA list price if 
entire lot bought: 1C5GT, 1D7G, 1E7G, 
1G6G, 1LB4, 1LH4, 1LN5, 1N6G, 3A4, 
6A6, 6A8 6CBG, 6J5, 6K7 6L6G, 12A5, 
12SK7GT 12SQ7GT, 12SN7GT, 25A6, 
25L6GT, 25Z5 or 25Z6, 32L7GT, 35Z3, 35Z5, 
35L6GT, 50L6, 50Z7, 82, 1I2A, 117L7GT, 
and 117Z6. Goodwin Radio Shop, Ran¬ 
kin, Ill. 

WANTED—1939 auto radio, Philco, mod. 
C-1608; price and condition. Rider's 
manuals from No. 9 to 13. State price 
and condition. Philann Radio service, 
348 Melrose St., Brooklyn 6, New York. 

FOR SALE—Supreme 546 3" oscilloscope, 
Supreme 582-A signal generator, used 
very little $125, or best offer. August 
Wherley, 4813 Oneota St., Duluth 7, 
Minn. 

WANTED—Any condition used Sept, movie 
cameras, for test equipment, parts, 
tubes. G. W. Deuchler, 1510 Monroe 
St., Omaha, Nebraska. 

WANTED—Precision 920P tube and set 
tester or Supreme 504A tube and set 
tester, Hickok 188X signal generator or 
Hickok 510X tube set tester. Will pay 
cash or trade new Rider's Manuals, 7, 
8, 9, 10, 11, 12 and cash. Leon S. Schall, 
160 Abbott St., Plains, Pa. 

FOR SALE—6Z5 radio tubes, 10 for $5.90 
postpaid. Adapters to change 6Z5 to 
use as 6X5 at 75c each. T. Henshaw, 
3313 Delavan, Kansas City 2, Kansas. 

FOR SALE—Hickok mod. 210S zero cur¬ 
rent voltmeter 0-2500 v. 0-50 meg., meas¬ 
ures capacity, decibels, amps, and mils. 
Also mod. 153 RCA test osc. and mod. 
156-B RCA tube checker, all used less 
than a month. Maj. L. M. Morehead, 
3650 39th St., N. W., Washington, D. C. 

WILL TRADE—Kelsey 5x8 printing press 
with all equipment, excellent condition, 
for Halicrafters S-20R or similar commu¬ 
nications receiver in good shape. Will 
pay balance cash if necessary. Harry 
Kellerman, 1127 Pittston Ave., Scranton, 
Pennsylvania. 

FOR SALE—First four experimental kits of 
1943 NRI course with instruction book¬ 
lets. Best offer takes. Ben L. Johnson, 
612 8th btr. West, Vinton, Iowa. 

WANTED — Riders 7 to 12, Jr. Voltohmyst, 
Solar condenser checker, any 1.4 V 
tubes, 12 V tubes. State condition of 
instruments and manuals and price. 
Seaside Radio Service, Box 886, Sea¬ 
side, Ore. 

WANTED — Solar or C-D Capacitor Ana¬ 
lyzer, also modern or late model com¬ 
bination tester and tube checker. State 
price and condition. J. R. Kinney, 2901 
You St., Sacramento 17, Calif. 

WANTED — One 84 tube volt ammeter 
tester for auto generator; exhaust gas 
analyzer; magneto and generator test 
bench. Cash for right articles. Pen¬ 
nington's Garage, Wauneta, Neb. 

SALE OR SWAP — Record players, ampli¬ 
fiers, Weston tube tester, and volt ohm 
meter. Want various tubes. C. Morgan, 
2209 Edison Ave., Jacksonville 4, Fla. 
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