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Modular Phasing Systems

by Mark Connelly

Phasing, for the uninitiated,
betueen the tunid signals from two antennac: the twoe si1ganal:

ii the production of a phaie shift
are then
€lectrically added or subtracted from ¥3ach other to produce 3 aull of

the dominant C(unwanted) station on a given channel to allgu raception

‘of subdominants on thée same channe! and/or” ;d;acent channel stations
norually covered by alop.
to that obtained by loopimg.  Unlike logping, phasing can more coften
givé reception of stations in the same direction or in ths opposite
direction of the unwanted gignal that was nulled.

Recent experiment ation ha: proven that a modular phis!ng ZUBTEmM

The énd result of zuch nulling i: cowparable

compr ised of separate shielded tuners & output module will outperform

the sarlier design MUDN-1 unit.

In brief,
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The two tuners should be of identical dizigng the “"phaier output
module”, hereinafter abbreviated as FOM, combines the two phaze-shifted
tuner output sigrnals to vield & null of the "pest” station.

It has been proven that thersz iz better <rosstalk rejsction [tunsr
#1175 getting won't influence the pesling of tuner #2 a2 wuchl aad
decreaisd hand-capacitance €ffect: <and, thereby, deeper % more itable
nulls) when 3 shielded module: (chazsis boxes) mre enployed.

How does one Qo about 1uwplimenting the modular approach? For an
initial example, we V1 look at a very 3rmple phasing circutlt = one |
primarily désigned for use with a pair of Beveraje aerials.

Refer to Figure 2.
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Tt is a phasé-reversing torcidal RF traniformer cunsislﬁng of a
25-turn bifilar winding; windings eévenly spaced, occupying 1/2 of a
Millér F-82-1 or Amidon FT82-61 core.

T2 is a toroidal balun RF transformer con.|st|ng of a 2%-rure
trifilar winding; windings evenly spaced, wccupying 273 of a Miller
F-87-1 or Amidon FT82-61 core.

Components J1, S1, R1, L1, & Cl of Figure 2 will bi defined as
Line 1. -Components 'J2, S2, R2, L2, & €2 will be deFined as Line 2.

. The simple phasar of F\gur{ 2 i3 operated as follows:

I. FERK LINE 1t

set R| to 1ero ohans ., .
St to on, §2 to off, 83 to Ti-out. Fositions of R2 & (2 don’t matter
at this time. ADJUST €1 FOF NMAXINUM SIGNARL AT FREQUENCY OF INTEREST.

11. PERK LINE 2

Sz on, S1 off. Leave C1, Ri, t $3 in previously-set positions. Seév R2
1o zéro ohms. - ADJUST C2 FOR MAXIMUM SIGMAL AT FREQUENCY OF I[HTEREST.

11T, HuLL

Put both €1 & 82 to on., ~Flip 3 betueen Ti=-in & Ti-out positions.
Leave S3 in the position yielding the LOKER signal level of the "pest*
station to be nutled. Increase R1 to see if a “dip* [point at which
turning the control either clockuise or counterclockwise from the “dip*
pozition will increaze leveld oocurs. "If & dip wccurs, leave K1 at
the dip position; otherwiseé, riturn it to° zero ohws. Do the same with RY.
Then, offset €1 to get or to enhance the dig. Do the same with C2.
Finalise the null with SLIGHT adjustaents of Ri, R2, CI, & Cc2.
Subdominant co-channel stations and-or formerly-slopped adjacent channel
stations should now be audible, just as if a 100op had been used.

fis mentioned earlicr, cazting the phasing unit into two tuner
wodules and a POM will isprove perforwance. Applyving the strategy of
Figure 1 to Figure 2, we gét the scheme illustrated in Figure 3.
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The tups of tuner bo
iz knoun a: a Passive Ser

i1lusrrated in Figure 3 [twe boxes shownl
Tuner (which we will abbreviate as PST).
I "pazsive” as it us active elements such 3as transistors or
op-ampi, It i3 "series th: L & C elements are arranged in series
betueen the anterna and the output load.

The: FST operate: into low-inpedance "current-sinking” loads such
as a short coupling link coil over a transistor radio’s ferrite rod
or auch a: an RF transformer winding of inductance substantially lower
than the iaductance of the tunér’s coil. Furthermore, the antenna
must b2 LOMG, having a high s«ffective capacitance to ground (preferably
greatsr than the tunir’s masinum capacitance, 363 pF in this cased.”




AS/\L* -2 . Ir reality, few #ariable capacitors get down to 10 pF, especially

- when ztrav shunt capacitances ars added inj therefore, the fmax figures
figures:z above are overly optimistic. Realistically, you could expect
to uze position [al to couver 469 - 700 kHz, [b) to cover 578 -1800 kHz,
fc) 329 - 130Q kHz, (d] 1168 - 1700 kMz, f[e] 1628 - 2568 kHz, and (f]
to cover 2130 - 3500 kHz.

-IFigure 4 shows the P5T '3 toral equivalent circult, including
external cvonnection:z. At this time we’ll assume no series resistance:
POt in tuder sét to Zero ohms and resistance or load (e. g. balun or
phase-revarser primaryd negligible. -

.F'&(IRE i 1L tvre C tunae The’P‘SY’s performsnc? can also be lj;mpr‘oved by adding a small
270pMH {0-365pF (€. g. 47 pF> shunt capacitor near the input to add capacitance to
P 1 short asrials. A slight, but negligible, amount of loss i3 introduced,
Carnt ! AN | but with improvement in peak-tuning capability. The capacitor is best
(Antenna ! LIOQC’ inztalled afrer the pot $o that the resistance added by the pot will
C’F“' tance) ( << ZK)F'“) haue a lesser effect on Q-spoiling.
365 pF . RAnother modification to thse PST is the inclusion of an output
‘3 nal . .- tran:former with lomer primary inductance than those in Hm POM (Phaser
Anodetled as | 1 Output Moduled. This internal transformer accomplishes tuo goals:
Jow - mpedance 7 - - : <1y It permits operation at higher frequencies than the POM’s RF
= P tranzformzrs would allow if directly connected to the PST’s output.

Current Source (2> 1t allows "stand-alon2” opsraticon of the PST with a great variety

of receivers with widely-varping input-impedance characteristics,
(3tand-alons operation, in this case, means using the PST as a straight

. The resonant frequency of this tuner is f = }[59155,\/(‘_,(;‘? antenna tuner in situations where phasing is not necessary.)
; where Ce = equivalent capacitance Cin pF) = There is zome los: at lower frequéncies (below 1190 kHz) with
1-(C1Cant Y+ (L Clune)) thiz internal transforxer, but this shouldn’t be a problem with wires
and Le = equivalent inductancs €in ud) = Ltune + Lload of 30m.-/100ft. or greater length.
: 3 A zwall output rcv,!stor €in the 22 to 100 ohm range) is included
It should be nored that zny RESISTAHCE in the tuned line will at the internal transformer’s output to (a) decrease loading effects
degrade ths @ ‘(sharpn-sz, selectivity) of the peak: this is why initial on taning , and <b) to rtdll-ﬁ the chance of spurs caused by capacitive

Toad: r=s<\'-3'|ng with the secondary.

Th: tuning capacitor is often very touchy when tuning for nulls,
20 it g aduisable to add a lower valtue "vernier® variable capacitor
in parallsl with the main 18 - 365 pF capacitor,

The revampad F3T, dzeignated as *P3T-1{" is shoun in Figure 6.

muzt be done with ths PST s pat st to zero ohms. In the idgal

nt iz gufficiently higher thar 365 pF that the 1-Cant term

s zsro in the Ce equation, cauzing Ce to &qual Ctune, ARlso,

H’ Lluad i3 small, Lé¢ approcimately equals L‘une, in this case 2?0 uH.
“Rpplying the regonance equation, ‘

Frax = resonant frequency At minimum Ciune (19 pF)> = 153155/, (187(276))> R jack for "stand-alone tuner®” output to a car radio has been added.
= 3063 kHz.
“lGuU . PST-| o [9aN run
fwin = rezonant frequency at masimum Ctune (36% pF) = 159155,V 365772787 FIGURE 6 D_L_I;’I:,DONH
= 5B7 kHz. § fles 1D-365 pF
) . . N . Antenna ' {ﬂﬁ 1000 H » P
If 3 zhorter than ideal antsnna is being uzed, the Cant term can J‘ R¢;.5+Mc¢ L3=;}7O H 7H£
no lorger be ignoreds typically iy might only be 109 pF, perhaps les:z. O—m’\—"—— ]
- IF Cant = 100 pF, Ce = 1 (¢l Ctune)+(1-/100)>)> X l 4= zord
For Crtune = 36% pF, €2 13 now now onty 78 pF.  For Ctune = 10 pF, Ce = 9 pF. @ In‘ C3 oV
fma 12 now 159155 M 952Dy = 3228 LHz. ! 47PF LS = 100uH
famin 12 row 159195/ VT8 av0r s = 1097 kHz, . SK'\A./JIOTQPU 7 O Y e— P
. Min Lo =47 uH
£t i3 obvious that the F3T of Figure 3 will not tune the shorter <wn4CdeCk'Vl$l’ C ' ~ -
antanna onoa substantial went of the MW BCB. = This problem can St 2‘2521‘
b allcoiared, to an extent, bu changing the tuner’s inductance. This , Frequency K”‘js’ [vernier T“NEl
is bzt accomplished with an inductance switch, as in Figure S.
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The cutput transfaormer of the PST consists of a 1S5-turn difilar
. winding with evenly~spaced turns, occupying 172 of a Miller F-87-1
With the aforementionsd thortwire <Cant = 189 pF; Ce = 9 pF min.; or Amidom FTRZ-€1 core.

Ce = T3 pF wax.>, frequency rangss with the switch of Figure 5 are as A Q:l ther rgfin—.?m-z-m. to the EST (beyond thoce embodied in the
follows: (Assume load inductance = 25 uH> Figurs 5 zchematic) is the incluzicon of a small-value pot (8 to 20
ohms or @ to 50 ohms) in serics with Rl to make fine nulling adjust-
Suitcﬁ A Wents €r. Such pot: ares, unfortunatsly, difficult to purchase in
Position Ltune Le fmin fmax e firab ‘nen-inductive)d non-wirswound versions.
iz Juncture, it should be menticned that one of the great

. 2600 2025 400 1179 benefit f a modular phazing syztem is that different-design tuners
i v 1000 1025 562 1657 : & PON7: can be swappesd arcund as system building blacks.
c aro 395 510 2384 Herbang atong this :choosl of thought, three other types of tuner
d 220 2as 1151 3389 have besr developed. o
< 100 2s 1612 4745 . Theis are: A3T (Acrive Series Tuner)
[ 47 hes f1e4 6252 PPT «(Fassive Parallel Tuner:»

. avz =7 FIti.d Faral 4l Tooa-




The Actiuve Ser
~1. Figure T g1

in Figure 7.

FIGURE 77
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Thiz introductory article doe: not attempt to 9o into the details
of CONSTRUCTION of anv of the tuners or FOM7::
with in subzequent works.
1nto the finer details of FHRIING STPATEGIES.

these will be dealt
Theze subsequent articles will aleo delve

Tunér “AST-1" 1z an amplified verzion of the
the owerall AST~1 :ichematic. Figure 8 is the

cmartic of the Broadband Ruplifisr zubazszemblw, designated as Al

AST-1
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adjust it s0 a peaked signal can be chtained without SpPUrious responses.
Unilike the PST, the level pot on the RET dusz not Cauze any sigrnmificant
degradation of @ or any shifting of the peak settings of the turing
capaciths.

The Passive Parallel Tuner (PPT) i3 ancther worthwhile tuning
wodule to consider. Old-time DXers will recognise it as a closé
relative of the so-called “degenerate loop coupler®, It has the
advantage of predictable tuning (thanks to loose coupling), not greatly
effected by eithir source impedance (anteénna léngth) or load (POM or
recelver) impedance. The priaary of the transforuer in use for & given
frequency is resonated by the tuning capsacitoris? and a link secondary
(pickup coil) wound around the prikary couples the peaked signal o
the load. '

Two transforuwer assewblies are provided within the box: oné for
low-band [approx. SO0 ~ 1806 LHz] and one for high-band lapprox. 958 -
170@ kHzl. Furthermore, a ztereo jack is utilized for an external coil
such as a ferrite rod antenna with added coupling coil or an extirnal
toroidal transformwer similar to the intirnal transformers. Such
external coils would be used if other fregquencies (e. ¢g. longwsve or
tropical-band shortwave) weére 10 be tuned or if direct pickup of signals
by the transforucr priwary (with no longuwire? was desired.

Thie PPT offérs superior @, and therefore better rejection of spurs,
than the .ioremgnt‘oned series tuners (PST, AST). As input & output
coupling is "l1ooser®,” the achi¢vable output signal lTeval is sowewhat
louwer than that of !he P3T-1 and, needless to say, the AST-1. MWith ANY
passive tuner (either PPT or PST), you should be using wires 306w 10061
Tong, or longer: with such uwires eithér pazzive tuner will provide
sufficiently generous cutput l1evils for the wajority of MU DXing
situations, Figure 9 is the schematic of the PPT-1 Passive Paraslle)
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Tl of the PPT-1 is the low-band coil. The core for T1 i

Awidon FT114-€1., A Miller F-125-1 or Indiana General Fez2é- 1‘:urncoro
would probably work as well. The prismary consists of 64 turns of ot
#28 enamelled solld _Magnet uire, turns evenly spaced, occupying 2.3

of the tore. The second.ry consizts of 7 turns of insulated #28 solid
wire-wrap vire, turns evenly [widelyd spaced, over the primary (alzo
occup){;nng/: O:P:'h: toroid cored.

of the =1.is the high-band coil. The core ¢

Awrdon FT82-61. A Miller F-87-1 or Indiana General Fézgrlgiu;sc;:c
would probably work as well. The primary consists of 32 turns of

#28 enamelled solid Magnet wire, turns evenly spaced, occupying 1.2

of the core, The sccondary consists of 3 wturns of insulated #2€ solig
wire-wrap vwire, turns evenly lwidelyl spaced, owcr the prisary Calso
occupying 172 of lhc tor-ond cored, 13
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A fifth kind of “"tuner”
FOH or to a receiver

toop antenna. This iz

which can be prezented to the
13 one which many DRérs alréady have:

actually & form of Bctaive Parallel

input of a
an aitive
Tuner with

Pts tuming inductance not shielded Cand hence able to pick up

signals on ivs ownd. R loup,
longuire coupler by winding S
around the loop coil &
¢hassis ground.

How that tunérs have baen touched upon (rewsuber,
construction & operation will be covered 'n subsequent articléss,

of

should turn to the Fhazer Output Module
shiown in Figure 3 near the beginning of this article.
This unit can be iwproved upon in several ways.

(a)
notably the active tuners.

{b) output level control
(¢
‘dy the possibility of

desired signal left after
uwhe wrter wirei & les

inproved input switching for fas

by wmeans of

pezt-nutli

courze,
or 30 L

can also
1: of

{FOM>.

ng

o be used as a
the wire’s shack end
coennécting the bared longuire end to loop

tuner
wE

A siaple POM i3 that

These includes

ter cperation with sowe tunsrs -

a pot that won’t effect nulls.

abi1lity to phase & wire ajainst an active 10op <3 ta Schat= LSCAD
awplification of POM cutput in Ccuses where the
15 too weaks
enzitive receivers are being used.

a CoOMmON Case

The improved version of the POM has been designated &s POM-1;

its overall schewmatic
Card subassewbly Al is the
Figure 3.
in Figure 23
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same dezign
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Its Broadband Awplifier
as Al of the AST,
identical to those

shown in

inwediately

Future articles in this series on Modular Phasing Systems will
detail tuner & POM construction as well as tuming t phasing strategies.




