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CONSTANT QUALITY GONTROL

Every foot of PHALO Ther-
moplastic insulated wire and
cable, every plug or cord set
is produced under constant
quality control.

Currentss
Favorite
Conductor

Rigid inspection, the latest
testing methods and equip-
ment, and skilled production
craftsmen join to make
PHALO wire and cable—
CURRENT’S FAVORITE
CONDUCTOR!

Your inquiry will have our
prompt attention!

Ask for the latest PHALO catalog.

CORNER OF COMMERCIAL STREET,
WORCESTER, MASS.

Manufacturers of Thermoplastic insul-

ated wire, cables, cord sets and tubing
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FIG. 2—Photograph of three experimen-
tal wide-range resonators that may be
applicable to uhi and vhf television

| in Fig. 1A. With the same 6K4
tube, the oscillation range is 220 to
520 me. The small resonator at the
right is the same type. With no ex-
ternal connections, the tuning
range is 440 to 1,900 mc; with the
6K4 tube, the oscillation range is
340 to 550 me.

As oscillators, the maximum fre-
quencies of all three resonators ap-
pear to be limited by tube capaci-
tances and lead inductances. For
applications where there is no ap-
preciable external loading of the
resonator, such as an absorption
wavemeter, the frequency range is
limited by the smallest radial clear-
ance that can be obtained between
the tuning slug and the resonator’s
inner surface.

REFERENCES

(1) Vernon . Aske, Front End Design
for a 400-Mc Receiver, Tele-Tech 9, p 46,
Sept. 1950.

(2) Eduard Karplus, Wide-Range
Tuned Circuits and Oscillators for High
ﬁ;‘fguencies, Proc. IRE 33, p 426, July

Boucherot Compensation

By HaNs E. HOLLMANN
Oxnard, California

THE ELECTRONICS QUIZ in the De-
cember 1950 and January 1951
issues of KELECTRONICS deserves
more attention for it reveals the
phenomenon of aperiodically com-
pensating any impedance by a
conjugate impedance. This compen-
sation, based on a theorem of
complex algebra, has important ap-
plication in the Boucherot eircuit
named after the French inventor.

We are dealing with the theorem
that any complex number Z' — ¢
| + b, where j can be made real
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Duplexer-Mixer- Goupler - S[mtter. ..

y

This duplexer-mixer, with its directional T pen in g9

coupler, protective ‘‘shutter,” TR and ATR
connections, for high-power operation in
S-band, was designed in our labs to comply
with performance specifications for SWR,
attenuation, etc., and produced in quantity
in our shops.

This is another example of the type of help
Terpening is set up to provide prime con-
tractors on microwave transmission line

systems—from design through production.

Though all of the components we manufac-
ture currently are made to order, we do have
a limited stock of some special components
which might just happen to fit your re-
quirements.

In any event, although our engineering
staff, laboratories, and fully equipped shop
are busy with government contracts, we will
be happy to talk with you about your needs
on similar work.

L. H. TERPENING COMPANY

DESIGN e RESEARCH ¢ PRODUCTION

Microwave TransmissionLines and Associated Components

16 West 61st St. » New York 23, N. Y. ¢ Clrcle 6-4760

TRADE MARK

208

THE ELECTRON ART (continued)

A

FIG. 1—Basic circuit shown in Electron-
ics Quiz problem

| with the aid of another complex

number Z” =

' the imaginary terms

¢ — jd. A simple

addition yields: Z,, = Z’ + Z” =

a +c¢ + 7 (b — d) which becomes

real for d = b. Another combina-

tion is the reciprocal sum of the re-

ciprocals

1 Al

2w == P =
z' Vo

_ ac+ bd +j (bc — ad)

at+c+jb—d

Now, there exist two conditions for
making the expression real. The
first is ¢ = « and d = b because
disappear
separately in numerator and de-
nominator so that Z,,” = (a* + b*)/
2a. The second condition is ¢ = a
= \/bd, and yields

20 +ja(b—a¥b)

20 +7(b—at/b)

According to Fig. 1 let us ex-
amine the impedance Z, = R, + 1/
joC of the capacitive branch
shunted by the inductive branch
having the impedance Z, = R, +
joL. If we assume B, = R, = R,
the impedance of the network be-
comes :

(44
ZiN'" =

Z1Z¢ _ (B +joL) (R — j/uC)
IN=Z1+Z¢c R+R+j(wl—1/uC)
_ g L/RC+ R+ (oL —1/aC)

R+ R +j (oL — 1/wC)

Following the outline, Z,y be-
comes real if both imaginary terms
disappear. That is the condition
L = C of parallel resonance with
Zy = (1 + R)/2R — R/2. On
the other hand, numerator and de-
nominator differ only by their first
terms. Hence, setting L/RC = R
or (in accordance with @ = V/bd)
R — VL/C yieldds Z,,” = R, the
aperiodic or antiresonance case of
the quiz problem.

The conversion of an orviginally
complex network into a real one,
that is, into a resistance, by supple-
menting a complex conjugate im-
pedance, either in series or in paral-
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WEBSTER ELECTRIC one of the orig'ncl
manufacturers of crystal cartridges

FOR OVER 20 YEARS

a complete line of cartridges
Engineered to meet your requirements

Webster Electric has been making cartridges for years and
years ... starting way back when cartridg=s werz nea-ly as
big as baseballs. The line of cartridges has constant y changed
and improved to meet current requirements. Each y=ar has
brought improvements until cartridges are now available in
thumb-nail size and versatile enough to meet the requirements
of 78, 335 and 45 RPM.

Webster Electric has the experienced engineers, mznu ‘c'ruring
know-how and long-range experience to makz cartridges to

meet all of the industry's requirements.

When you need a new cartridge submit your probem to
Webster Electric. When your record players cr changers are
equipped with Webster Electric cartridges, you cay be assured
of the best in dependable performance.

Webster Electric Company, Racine, Wis., Establ ched 909

WIS CONS

N

ELECTRIC

"Where Quality is a Responsibility and Fair Dealing an Obligation" }
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THE ELECTRON ART (continuad)
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FIG. 2—Loudspeaker analogy studied
after Boucherot

lel, is of great importance for many
practical purposes. A typical ex-
ample is the Boucherot compensa-
tion in the end stage of an audio
amplifier, a triode, pentode, or beam
tetrode loaded with a matching
transformer as shown in Fig. 2. As
is well known, the equivalent net-
work of the transformer seen from
the plate, in fairly good approxi-
mation, is an inductance L in series
with a resistor R,. The reactive
component brings the tube out-of-
phase so that harmonic as well as
intermodulation distortions occur.
These distortions limit the value of
a multigrid tube as compared to a
simple triode and counterbalance
the inherent advantage of the
higher gain. Today there are two
conflicting opinions in rating an
end triode exhibiting a lower plate
resistance and useful efficiency
under low distortions as compared
to multigrid tubes requiring less
driving power at the expense of dis-
tortions even at moderately high
frequencies.

In order to shift the balance in
favor of multigrid tubes, the Bou-
cherot compensation is of sig-
nificant importance because it
makes the multigrid tubes operate
purely in-phase and improves the
power output versus distortion
figure. The suggestion: “go ahead
by going back-—back to triodes™
seems to be premature as long as
the Boucherot compensation is not
taken into consideration.

The improvement which s
achieved by the Boucherot network
is clearly demonstrated by means
of the dynamic transfer character-
istic. According to Fig. 2, the end
stage is driven by an a-f voltage
which also controls the X-input of
the oscilloscope, the Y-deflection of
which is produced by the plate volt-
age. If the test device is driven
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a Single NORTH
_“Gang”’ RELAY

MAKES
and/or
BREAKS

as many

CIRCUITS
AT ONCE!

IPICAL of the almost endless variety of
special-function relays made by the North
Electric Manufacturing Company is this 700-
Type multiple contact unit. With it as many as
17 separate circuits may be closed, opened or trans-
ferred with a single low-current impulse. There are
more than 50 make and break contact combinations
available in stock assemblies of this versatile relay.
Available with single or double fast-acting coils, de-
pending upon speed required. All are of low current
consumption, rapid and positive in performance vir-
tually wear-proof.

The new NORTH RELAY CATALOG describes the
many types of available North relays, from
Multiples to Midgets, and the unmatched facil-
ities of this company for special relay engineer-
ing, developed in more than sixty years of
experience; write for a copy today . . .

Special
Relays ?

N

Let North Engineer them for you!

~ A THE NORTH ELECTRIC
ILILIEMANUFACTURING COMPANY

Originators of ALL RELAY
Systems of Automatic Switching

1438T, South Market Street, Galion, Ohio, U.S.A,
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17

(continued)

FIG. 3—Oscilloscope figures show im-
provement in performance

with various frequencies, as deliv-
ered by a radio or phonograph
pickup in the form of music or
speech, the resulting Lissajous fig-
ure on the oscilloscope screen fluc-
tuates according to the momentary
frequencies and amplitudes. The
resu't, taken during sufficiently
long exposure time, is the blurred
figure shown at the left in Fig. 3,
disclosing innumerable Lissajous
ellipses of various forms and sizes
superimposed upon each other dur-
ing exposure.

As soon as the output trans-
former 1is compensated by the
dotted Boucherot network, the end
stage operates in-phase and the
Lissajous ellipses contract to the
pure-in-phase characteristic shown
at the right in Fig. 3. Needless to
say, the harmonic and intermodu-
lation distortions diminish to a con-
siderable extent bringing to the
listener a faithful reproduction of
the original speech or musie.

The oscillogram reveals the effect
of the Boucherot compensation only
in a qualitative manner. A better
insight is obtained by measuring
the harmonic or the intermodula-
tion distortions with and without
Boucherot compensation. Figure 4
illustrates such an experiment?
namely the intermodulation factor
of an end tetrode in relation to the
measuring frequency when the tube
is driven by a constant input volt-
age. While the output phase condi-
tion produces increasing modula-
tion, the distortions decrease
slightly as soon as the Boucherot
compensation is applied.

Certainly the Boucherot circuit
is not perfect and cannot produce
an ideal condition of operation. In
comparison to the evident advan-
tages, however, the following dis-
advantages must be mentioned.
First, the equivalent network of
the transformer and its loudspeaker
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Commercial Equivalent of
TS-

Frequency range includes
FM and TV Bands.

375mc to 1000mc

Commercial Equivalent of

AN/URM-17.
Frequency range includes Citizens | = = e
Band and UHF color TV Band. e I ==

214

These struments comply with test equi;;mem requirements’ of

Standard
RADIO INTERFERENCE
and FIELD INTENSITY

Measuring Equipment
Complete Frequency Coverage - 14kc to 1000mc/

yLF!

14kc to 250ke

| limitations.

Commercial Equivalent of
AN/URM-6. |
Very low frequencies.

150ke to 25mc |

. Commercial Equivalent of AN/PRM-1.

ok < Self-contained batteries. A.C. supply
\‘optional. Includes standard broadcast
“hand, radio range, WWV, and commun- |
ications frequencies,

15mc to 400mc

587/U.

yHF!

such radio interference specifications as .!'A,\,'”Fti-"l~'-225, ASA C63.2,
16E4(SHIPS), AN-1-24a, AN-I-42, AN-l-27a,: /AN-1-40 and oflggrs.

Y bk Ak |
STODDART AIRCRAFT

RADIO CO.

6644-A SANTA MONICA BLVD,, HOLLYWOOD 38, CALIFORNIA

Hillside 9294 ‘ noise power at the output (the to-
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F153. 4—Curves show actual measure-
ments on equipment using Boucherot
compensation

load holds only within certain
Second, there is a
power loss in the compensating
branch which increases toward
higher frequencies thus making the
frequency response poorer. This
can be compensated for by other
means, for example, by filter cir-
cuits in the driver stage or in the
feedback loop.

After all, the disadvantages do
not count too seriously when com-
pared with the pure-in-phase con-
dition and the associated reduction
of distortions in the most impor-
tant output stage.

REFERENCES

(1) W. Bowen, Triode versus Pentode,
ELECTRONICS, p 268, Nov. 1947,

) A. V. Liipke, Verbesserung der
Wiedergabe mit Lautsprechern hinter
Mehrgitterrbhren durch Verwendung der
Boucherot-Schaltung (Improvement of
loudspeaker quality when driven by multi-
grid tubes with the aid of the Boucherot
circuit), Zeits. fiir Tech. Physik, Vol. 23,
p 119, 1942,

Noise Figure Standards

THE NOISE FIGURE, a fundamental
measure of the quality of linear
electrical networks, is of basic im-
portance in radar, telemetering, and
all communications. In these sys-
tems some of the limitations on re-
liability, sensitivity, and distance
are set by the type and magnitude
of noise in the device as well as by
the noise produced ahead of the
network input terminals. In order

| to assist laboratories and industry

in the evaluation of this important
factor, the National Bureau of
Standards is offering a calibration
service for the noise figure in the

| frequency range of 500 ke to 30 me.

The noise figure of a linear net-
work is the ratio of the available

May, 1951 — ELECTRONICS



	Electronics-1951-05-212
	Electronics-1951-05-214
	Electronics-1951-05-216
	Electronics-1951-05-218
	Electronics-1951-05-220

