ARRL Periodicals Archive — Search Results
A membership benefit of ARRL and the ARRL Technical
Information Service

ARRL Members: You may print a copy for personal use. Any other use of the
information requires permission (see Copyright/Reprint Notice below).

Need a higher quality reprint or scan? Some of the scans contained within the
periodical archive were produced with older imaging technology. If you require a
higher quality reprint or scan, please contact the ARRL Technical Information
Service for assistance. Photocopies are $3 for ARRL members, $5 for
nonmembers. For members, TIS can send the photocopies immediately and
include an invoice. Nonmembers must prepay. Details are available at
www.arrl.org/tis or email photocopy@arrl.org.

QST on CD-ROM: Annual CD-ROMs are available for recent publication years.
For details and ordering information, visit www.arrl.org/gst.

Non-Members: Get access to the ARRL Periodicals Archive when you join ARRL
today at www.arrl.org/join. For a complete list of membership benefits, visit
www.arrl.org/benefits.

Copyright/Reprint Notice

In general, all ARRL content is copyrighted. ARRL articles, pages, or documents--
printed and online--are not in the public domain. Therefore, they may not be freely
distributed or copied. Additionally, no part of this document may be copied, sold to
third parties, or otherwise commercially exploited without the explicit prior written
consent of ARRL. You cannot post this document to a Web site or otherwise
distribute it to others through any electronic medium.

For permission to quote or reprint material from ARRL, send a request including
the issue date, a description of the material requested, and a description of where
you intend to use the reprinted material to the ARRL Editorial & Production
Department: permission@arrl.org.

QST Issue: Sep 1957
Title: Third Method of S.S.B., The
Author: Howard F. Wright, Jr., W1PNB

[ Click Here to Report a Problem with this File |

ADVERTISEMENT

’HHL

cD- ROM

RIODICALS on

2010 ARRL

Periodicals
on CD-ROM

ARRL’s popular journals are
available on a compact, fully-
searchable CD-ROM. Every word
and photo published throughout
2010 is included!

= @ST The official membership
journal of ARRL

= NCJ National Contest Journal

= @QEX Forum for Communications
Experimenters

SEARCH the full text of every

article by entering titles, call signs,
names—almost any word. SEE every
word, photo (including color images),
drawing and table in technical and
general-interest features, columns
and product reviews, plus all
advertisements. PRINT what you see,
or copy it into other applications.
System Requirements: Microsoft Windows™
and Macintosh systems, using the industry
standard Adobe® Acrobat® Reader®software.

The Acrobat Reader is a free download at
www.adobe.com.

2010 ARRL Periodicals
on CD-ROM

ARRL Order No. 2001
Only $24.95°

*plus shipping and handling

Additional sets available:

2009 Ed., ARRL Order No. 1486, $24.95
2008 Ed., ARRL Order No. 9406, $24.95
2007 Ed., ARRL Order No. 1204, $19.95
2006 Ed., ARRL Order No. 9841, $19.95
2005 Ed., ARRL Order No. 9574, $19.95
2004 Ed., ARRL Order No. 9396, $19.95
2003 Ed., ARRL Order No. 9124, $19.95
2002 Ed., ARRL Order No. 8802, $19.95
2001 Ed., ARRL Order No. 8632, $19.95

A R R L The national association for
AMATEUR RADIO™
N SHOP DIRECT or call for a dealer near you.

/ ONLINE WWW.ARRL.ORG/SHOP
/ ORDER TOLL-FREE 888/277-5289 (US)



http://www.arrl.org/pubindex/errors/index/39460

The "third method” ex-
citer built by WI1PNB
was laid out for easy
circuit modification dur-
ing experimental work,
and is therefore con-
siderably larger than
would be necessary in
a “final” design. The
avdio circuits are along
the front and the bal-
anced modulators oc-
cupy the rear section of
the chassis,

The Third Method of S.5.B.
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How It Works in Theory and Practice

BY HOWARD F. WRIGHT,* WIPNB

of the IRE contains a thought-provoking

article entitled, “ A Third Method of Gener-
ating and Detecting Single Sideband Signals,”?
The eireuit is interesting in that, although the
halanced modulators, filtering, und phasing are
individually commonplave in s.s.b. techniques,
the way they are used here is unique. It is quite
unlike present practice,

PFig. | is the diagram of the basiec ““third
method” generator. A common source of audio
is parallel fed to two ordinary balanced modu-
lators. The currier signal for these first modu~-
lators — and this is novel — is centered in the
speech range at 1800 eyeles. The earrier voltages
are in quadrature.

Fach modulator is [ollowed by an identical
low-pags filter designed to pass frequencies below
the first carrier at 1800 cycles and reject those
above that frequency.

The output of each filter feeds another bal-
anced modulator. The quadrature carrier voltage
for these second modulators is at the desired r.f.
output frequency. The r.f. outputs of these

* 55 Sigourney St., Bristol, Conn.

F Weaver, * A Third Method of Generation and Detection

of Single-Sideband Signals,” Proceedings of the IRE, Dec.,
1956.

rFHE sSINGLE side~band issue of the Proceedings

modulators are combined by series connection of
the links.

The ecircuit will be discussed further, but
first let’s take a look ut the claims for this
method:

1) It does not require sharp-cutoff filters.

2) No wide-band phase-shift networks uare
needed.

3) Faulty phasing and balancing doesn’t cause
unwanted energy to full outside the channel;
instead, inverted in-channel energy appears.

Through a method of side-band fold-
ing and a.f. filtering, the system dis-
cussed here generales a single-side~band
signal having the unique feature that
the suppressed side band is in the same
channel as the transmitted side band.
This “*third method.”® devised by D. K.
Weaver., produces the s.s.b. signal di-
reetly on the desired output frequency,
but does not require wide-band audio
phase-shift networks.

e
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4) Undesired signal components are at least
30 db. down.

5) The s.s.b. signal can be generated at any
desired radio frequency.

6) Operation can be bhilateral; that is, the
method also can be used for s.8.b. reception.

7) Quality is good.

8) The unit can be small and rugged.

PFig. 2 shows the speech spectrum to be applied
to the system. These frequencies heterodyne

30 ' 330

Fig. 2 — Speech spectrum considered in the system
described.

(modulate) with the 1800-cyele first carrier in

sach initial modulator. Except for the quadrature

phase »hift, the outputs of both modulators are

identical. For the present we need consider only
one.

First Modulator and Low-Pass Filter
Fig, 3 shows the output spectrum of either
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Fig. 3 — OQutput spectrum of first balanced modulator.

oceupies o conventional relation to the 1800-cycle
carrier, fo. The lower side band (difference fre-
guency) is folded upon itself. This ocenurs beeause
there can be no “minus frequencies” and be-
eause the carrier is within the speech range. For
the latter reason there are two speech frequencies
— one above, and one below 1800 cyeles — which
mix to produce identical frequencies in the
modulator output range of 0 to 1500 eyeles.
This is shown graphically in Fig. 4. Here, esch
frequency in the difference side band may repre-
sent either of two original audio frequencies. The
exception is 0 eycles (d.c.), which now represents

SECOND BALANCED
MODULATOR

R.E. QUTPUT

Ly

Mt

R.f. OSCILLATOR

»t AN B
T80
woo ST §2°°°
3000 9
Muf.
P} AN,
750
SECOND BALANCED R.E oUTRPUT

MODULATOR

750 85uh,

>
1500 “Tao00 §’°°°

Fig. 1—Circuit of the “third method" single-side-band generator (Weaver, Proc. IRE, December, 1956). Constonts of

output circuits of second balanced modulators {3000 uuf. and 8.5 ph.) and the RC values in the r. f. oscillator phase-

shift network {160 ohms and 1000 uuf.) are for an output frequency of 1 Mc. and should be modified appropriately
for other output frequencies. Low-pass filter constants are as follows:

Cy == 0.15 uf. Ce == 0.20 puf, Gy — 0.11 pf. Ly = 27.5 mh. L» — 100 mh,

12

Ly — 75 mh.
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original audio of 1800 cycles. Referring to Fig. 1,
notice that d.c. coupling is used between first and
second modulators so that audio information at
and around 1800 cycles will not be destroyed.

Referring again to Fig. 3, we are interested
only in the difference side band — below 1500
cycles. The sum side band — above 2100 eycles
— must be effectively removed. If it. is not
removed this band of frequencies will appear
in the final signal as a normal, readable, unfolded,
“unwanted side band.”

The dashed line in Fig. 5 represents the low-
pass filter requirements necessary for an arbi-
trary +40-db. suppression of out-of-channel un-
wanted side band if the speech range starts ab
300 cycles.

Second-Modulator Operation

The output spectrum passed by the filter is
applied to the second modulator. In this case
(the second modulator) the carrier is at approxi-
wmately the desired output frequency. Quadrature
phase is also maintained between the carrier
voltages applied to both second modulators.

Fig. 6 is the individual output of either second
modulator. The signal at this point is a double-
side-band suppressed-carrier signal. Both side
bands are 1500 cycles wide. However, all 3000
eveles of original audio information is contained
in each of these side baunds because of the folding
effect. of the first modulator. Both sidé. bands
contain two components. One represents the low
half of the original speech and the other, the high.

Both modulators have this same output spec-
trum. The phase relationship of the individual
outputs, duec to the quadrature carrier supply
to both modulators, is such that combining the
outputs of the second modulators results in one
component heing phased out of each side band.
Thus, in Fig. 6, the signal components contained
in the shaded areas will be suppressed and those
in the clear areas transmitted; or, if either the

Fig. 4 — Frequency components in the speech band

that are spaced equally either side of 1800 cycles are

converted to the same frequency in the difference side
band., This occurs in the first balanced modulator,

Fig. 5 - Audio-frequency filter characteristic for 40-
db. suppression of out-of-band components,

Fig. 6 — The signal channel contains two sets of com-

ponents, corresponding fo an upper side band {shaded)

or lower side band (clear). One set can be eliminated

by the r.f. and audio phasing. The receiver local

oscillator frequency is set 1800 cycles fo one side of

the suppressed transmitter carrier frequency, The side
to be used depends on the side band transmitted.

Fig. 7 =~ An error in phasing resvifs in an inverted
side band superimposed on the desired side-band signal.

September 1957

audio or r.f. phase is reversed, the opposite will
be true. If the components in the unshaded areas
are transmitted, an g.8.b. receiver tuned to u
synthetic carrier frequency of feo 4 1800 will
reproduce a normal audio spectrum. 1f the
components in the shaded areas are used, the
receiver would switeh side bands and tune to
fea — 1800 for proper demodulation.

Fig. 7 demonstrates the first case and shows
the presence and location of the folded-back,
unwanted side band. This “unwanted” is due to
imperfect phasing. It occupies the same channel
a3 the “wanted.”

Operating Characteristics

Fig. 8 is the complete output spectrum of the
final signal. If the receiver is set at f.2 — 1800
or fes - 1800 {depending on the side baud trans-
mitted), proper reception of the original audio
will result. Any unbalance in the second modu-
lators resulting in leakage of the true suppressed
carrier at f.e will result in an audible [800-cycle
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Fig. 8—Complete specirum of the signal,

showing the positions of out-of-band un-

wanted componentis not suppressed by the
low-pass audio filters.

FILTER UNWANTED
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tone. Notice that the out-of-channel groups
marked “‘filter unwanted” are s function of
filter performance. The shaded area indicating
in-channel inverted signal is a function of phasing
wljustment. '

Single-frequency steady signals that tune like
earriers will appear at foo — 1800 and fer + 1800
{the spots of proper receiver tuning) if the original
audio frequency carrier at 1800 eyeles is not
perfectly nulled out in the first pair of balanced
modulators. ;

The novel features of the “third method”
aroused considerable interest among my s.s.b.
friends. There was much speculation as to how
the svstem would work and sound. Accordingly,
having tried everything from n.tf.m. to ‘‘super-
modulation,” 1 decided to give the “third
method” & try. Because of uncertainty as to the
outcome and a desire for cheap, speedy results,
1 didn't build a complete exciter but just o
basic unit which could be connected to an
existing exciter., The results are shown in the
photograph. since the parts were largely
“scerounged” from interested bystanders and any
part that would work, regardless of size or
shape, was used, no conclusion as to the possi-
hilities of the system in terms of bulk or com-

t T
fczﬂsoo +1800 +2100 +3600 +5100

plexity should be drawn from the pieture.

The basic circuit wag followed closely, Minor
chunges included changing the erystal diodes
to tubes, moving the output frequency to 455 ke.,
and changing the phase splitter of the second
osvillator to eritically-coupled tuned eireuits. A
dual-triode sudio stage is followed by a low-pass
audio filter and circuitry to aitenuste lows, The
i800-cycle oscillator uses a toroid-wound indue-
tance. The transformers supplying audio wure
500-ohm line-to-line, und plate-to-line trans-
formers supply 1800-cycle currier. The output
tuned circuits were scaled down to 455 ke.

When complete, the unit was coupled into the
if. stuges of the esisting 20-ke. filter rig. The
resulting signal was examined and adjustments
made using the highly selective station receiver,
calibrated attenuator, and oscilloscope which
have been used for several vears to accurately
measure bund width and relative amplitudes of
various signal components of the fransmitted
and incoming signals.

The <“third method” experimental exeiter
performed as follows: Referring to Fig. S, the
suppressed carrier at fog is nulled out by balaneing
the two second modulators. No difficulty wus
experienced in obtaining a null of at least 40 db.,

The components clustered at fop center are for the low-pass filters.

14

QST for



but any Jrilt in this null results in an audible
whistle of 1800 cyeles in the received signal.

The carrier-like signals 1800 cycles above and
below f are nulled out in the first balanced
modulators, Again, there wus no trouble in ob-
taining o null. This null holds better, but the
null for hoth signals didn’t occur at exactly the
same adjustment — o difficulty that was not
enough to prevent obtaining a good signal. It
may have been due to some peculiarity of this
particular unit.

At first, considerable readable signal in the
region marked *‘filter unwanted’ was encoun-
tered. Fxperimentation proved that the original
simple constant & low-pass filters were inadequate
for obtaining out-of-channel suppression com~
parable to that of conventional rigs. Adding a
eapacitor across the center coil of the filter, to
give one m-derived section, gave vastly improved
results, but a better filter degigned for sharpest
possible cutoff is desirable. Although it is fairly
easy to get the desired selectivity at this fre-
quency, the actual slope (in eveles) must be us
good as for any conventional filter rig,.

When the vut-of-chanue! problem was licked,
the phasing aspect was studied. It is extremely
interesting to note the effect of differing levels
of folded-back side band upon wanted signal
intelligibility and distortion. With no suppression
uf one side band, cither signal can be copied,
but through fairly heavy interference from the
other. Thanks to the inversion of the folded-
back side baud and the effects of product de-
tection, surprisingly large amounts of unwanted
signal can be tolerated without cuusing undue
trouble. When the folded side band is suppressed

Sep 1957 QST - Copyright © 2015 American Radio Relay League, Inc. - All Rights Reserved

20 dh. or more it scems to practically disappear
as o factor in intelligibility. At 30 db. its effects
on voice quality are negligible.

Coneclusions

Many contaeis were made using this exciter.
The results were excellent. Although all desired
adjustments aud investigations are not complete
some conclusions ean be drawn from the work
done.

The system is basically eapable of producing
excellent sa.b. signals. Although these signals
are ncetually double-side-band suppressed-carrier,
the side-band components are so awrranged that
they tune like and are otherwise indistinguishable
from regular single-side-band suppressed-carrier
transmissions. Although the svstem benefits from
the extremely low frequency of filter operation,
and poor phasing is not ruinous, the uctual
attenuation es. {requency of the two filters must
he as good as in any filter rig.

The big obstacle, at the present stute of design,
is the complete dependence upon mainfaining
the null in the balanced modulators to remove
the carrier and its resulting audible beut.

Although it can not be foretold what, if any,
part the *‘third method” will play in future
s.8.b, voice communication, this article is pre-
sented because this svstem should intrigue any-
one interested in the various types of modulation.

1 wigh to thank those on the 75-meter band
whose parts, interest, and encouragement made
this an enjoyable project. The charts and graphs
accompanying this article were largely prepared
by Tony Sivo, W2FYT, us a result of early
discussions concerning the *‘ third method.”

Silent Reps

TT 18 with deep regret that we record
L the passing of these amateurs:
W1ARU, Gordon 8. Dayton, Winsted, Conmn.
WiDDG, Hyman Yoffe, Revere, Mass.
WNINYS, Ernest W, S8ims, Bradford, R. L.
K2ZMFD, Leonard E. Park, Long Beach, N, Y.
W3BCL, Albert Wolni, Pittsburgh, Pa.
W3AZG, Frederie A, Leonard, Coraopolis, Pa.
WNSERT, Warren J. Hunter, Allentown, Pa.
W4EAK, Walter R. Hinton, jr., Greensboro, N. (.
W4ABN, James E. Brightwell, liendersonville,

N. C.
ex-W4ATS, Harry W. Schiffman, Greenshoro, N. C.
W5AFQG, Elmer J. White, Beannmont, Texas
W6BLY, Ira J. Schab, Whitter, Calif,
K6DTO, Gilbert L. Beneze, Hawthorne. Calif.
W6FMT, Roland W. Davidson. Whittier, Calif.
WSLEC, Hubert Sherman, Whittier, Calif.
W7BDP, James H. Foster, Butte. Mont.
WSWET, John W. Adamson, Port Austin, Mich.
WHKDL, Leonard L. Schnirring, Sac City, Iowa
WEFMD, Arnold N. Svarte, Duluth, Minn.
WETRE, Everett 8. Stokes, Sidney, Nebr.
WOKTE, Alvis I, Hagans, Norton, Kan.
W@AFT, David F, Michael, Springfield, Mo.
ZL.1MG, Ernie Parkin, Waigeke, N. Z.
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September 1932

. . . “An Intermediate-Frequency and Audio Unit for the
Single-Signal Superhet” was the lead-off atticle 25 years
ago. to be used in conjunction with the unit deseribed the
previous month,

... The “Thirty-Three Watts per Dollar” rig was
ulso featured in this issite, with W6CUTH explaining how
to get high output with efficiency and safety from a
type '52.

. . . Another popular article in this issue was the sym-
positn on “Sticks That Have Stuck”, being a roundup of
various types of masts and an attempt to determine which
was best.

, + » An article ubout * Seience Service Ursigrams” reminds
ug that cosmie data was being investigated long before the
IGY rame along,

. .. In TARU News are reported newly-adopted rules for
the issuance of WAC eertificates — rules which have con-
tinued uuchanged to this date. Incidentally, for the first
half of 1932 a total of 69 WACs had beeu issued. That is
sowmewhat under the current rate!

.+ And there were more reports on the use of 56 Me, at
the National Glider Meet.
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