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CONSTRUCTING A PHASING UNIT

by Mark Coanelly, WAIION

This article is presented to describe the actual construction of a versatile phasing
unit and to delineate methods of using the unit to produce nulls of unwanted stations or
noise eirnals, allowing desired DX to be heard. The following works should be read as a
preface to this article:

Analysis of Beverage /intennas Chuck Button NRC Beprint A28

Practical Phased Beverages Chuck Rutton X News 17 DEC 1979

Phased Longwires IRCA Reprint A28

Mark Connelly/
Nick Hall-Patch

More Thoughts about Phased Antennae Mark Connelly IX News 21 JAK 1980
Inprove your Latin-American DX by Mark Connelly IRCA Reprint A3),
Phasing Non-Identical Antennae X Kews 8 Jux 1961,

X Momitor 1) Jum 1981
Phasing Unit Design Modifications Mark Connelly IX News 26 OCT 1961,

IX Monitor 24 OCT 1981

The construction article to follow is the first article to actually outline a step=by-
step procedure o build a versatile sing unit which can be used by itself to phase
wires of 30 mn/98* length (or greata:.-gh:r, when fed to an RF amp., to phase wires as short
as 50/16', The amplified shortwire concept will be covered in the next article of this
series, The phasing unit to be built incorporates several recent improvenenty such as
flexible LC module design.

Starting the Pro Ject

The prospective builder should have mudimentary tools and shop accessories such as
a soldering pencil, rosin core solder, screwiriver & nutdriver sets, 632 tapping tool,
longnose pliers, diagonal cutters, regular 'gas' pliers, hacksaw or Mgsaw, drill with
a reasonably good assortment of bits (see Mgure ¢ in main body of article), nltr/l}cuo.
calipers or aicrometer, wire mtripper, push=pin insertion tool (e. g. Vector P91-DP),vise,
solder sucker, file, and X-Acto (or sinilar) knife set, The author does not 1ike wire-
wvrapping for RF work, but some would rather wrap than solder,

A volt—ohmaeter comes in handy for verifying switch connections and wiring runs,

A well-stocked hardware cabinet is useful, A candle will be used to dridble wax over

the two toroidal transformers when they have been assembled. Glue or rubber ceaent

applied to the toggle switches will hold thea into place more securely than the sanufacturer-
supplied nut & lockwasher arrangements could do alone.

¥hen the builder has marshalled all of the necessary tools & accessory items together
into a suitable work area, parts acquisition is the next phase. At the outset, you must
realise that Radio Shack won't have many of the needed parts. [Electronic parts retail
stores must be located, In the Boston area, You-lo-It Electronics in Needham Beights, MA.
has many (but not all) of the necessary coaponents. Those in rural arsas will have to shop
by mail. Consult Q5T and other hobby publications for parts suppliers. When you tuy
cosponents new, you are paying 'top buck’, Ham auctions &'flea-markets' are a much cheaper
vay to obtain necessary parts,

IMPORTANT NOTE: The drilling drawing, component layout drawing, and wiring drawing
are laid out for the specific parts listed. Parts electrically equivaleat to those liated,
but possibly different from a mechanical standpoint, may certainly be used — as long as
the builder ad justs all assenbly drawings to reflect component rariations, before any actual
drilling or asseadbly is undertaken.

Table 1: Parts List for Phasing Unit

Component Quantity Manufacturer  Approx,
Designation(s) Required  Description Yanufacturer Part # Price
€1,¢2,c3,04 4 10-365 pF  variable capacitor Calectro A-232 $2.70/1
c5,C6 2 47 pr fixed mica capacitor Sprague L P-1171-01 $1.40/1
Nn,d2,53,4,35,36,57 7 insulated banana jack H. H. Smith 1463 $.10/2
Llx,12x 2 470 ull inductor Nytronics VEE-4570) $2.75/1
Lly,l2y 2 270 ul inductor Fytronics VEE-270 75/1
112,12z 2 120 ufl inductor Nytronics VEL-120) 751
R, 2 100K pot w/switch RMadio Shack 271-216 1.69/1
0, M, 3 IX pot w/switch Calectro B1-660 $1.10/1
R 2 IX fixed resistor Radio Shack  271-023 $0.19/2
SW1,5W2 2 SPUT toggle avttch, centre—off or( AlC0 s_::‘g;;_pj é-”/l
SW 1 J-pole,4=position awitch G. C. Electromics 35-379 $2.15/1
SWl 1 l<pole,3=position mwitch G, C. Elsctronics 35-380 151
Iadio Shack  275-66) $2.99/1
SWS,SN6, 517 3 DPOT toggle ewitch, "§nmuo Shack  275-154% $2.691
no cent.re position °Tlco MST200 ?

Component Quantity Manufacturer Approx.
Desimmation(s)  Required Description Manufacturer _Part # Price
mn,12 2 toroidal core Jo ¥, Miller T-106-2 1.50/1
L 228 #28 iifm:'m‘“n"’ Columbia Electronic 10023)-1) $2.45 375°
: : 8  push-pins for lead attachsent/Xeystone Electronics 14995 $2.49/100

tie—vraps to secure 71,12 laldom "speedy tys® 65001 $3.30/100
(Wetal Rurdware Assemblies)

n,’2,10, ., 55 5 6232 X 1{* threaded spacer . . ]
= e e e e 10 32 X 3/8" bindervhead screw . . .
* ® e e 9 6-32 internal tooth lockwasher . » .
RS 1 6=32 solder lug Valdonm KT-197 or KT-19% 7/15

(Xylon or ?!u_tic Hardware Assemblien for mounting C1=C2-C3=Cl)
RC1,RC2,BC3,Hc4 &4 b<lio X 1/8" screw » . .
.= = 8 4440 hex nut L4 - -
(Miscellaneous parts - no designation numbers)

1 Yectorboard 4,8 X 8,5
062" dia, holes on ,1* square eid
(84 columns X 47 rows =)948 holes)

Vector GSHUEWE DP  $3.30/1

1 ground plate, 8% X 10" bare metal LMB (8 X 10 Cap Cover) $2.98/1

1 roll  insulated hookup wire, #22 solid Columbia 10010-1 $2.49,
Electronic Cables 3 90*roll

2 single-line knobs for SiD,SWs Archer 24407 $1.29/2

5 calibrated knobs
for @, R, K3, B4, K7

(Optional Support Leg Assembly)

2 80lid metal, wood, G-10, or * b o
plastic cylindrical dowel
44 long X /4" dla.

Archer 274413 $1.39/2

2 632 X 3/8" dinder-head metal screw. * . .
2 632 intermal-tooth lockwasher * . »
(Balanced Cable Assenbly, from phasing wmit to receiver balanced inputs)
21 8/3.3' 1V Twinelead or AC "sip cord” . . .
2 na plug 10 Shack 274-710  $0.99/2
- -

Bad.
2 Teceiver connectors (e, g, spads lugs)
(Untalanced Cable Assenbly, from phasing unit to receiver mbalanced input & rx, nd
218/3.3' RI7% coaxial cable . put & xz. ground)
2 banana plug
1 recelver input connector
(. &. P~259, BNC, phono Plug, oto.)

(Balanced-tode Grownd Junper (from phasing wnit ground to receiver ground
Z1 l/Ji)" msumc«; hookup wire, #18 stranded . . ) .

L plug Radio Shack 274-730 $0.99/2

1  alligtor clip or spade log (to rx.) * . 92/

»
Badlo Shack 274-730  $0.99/2

- * -

.NOTEs Asterisk (*) indicates that there arw many different suppliers of this product at

varying prices., Consult local hardware stores and electronic parts outlets for

availadility. Some small leces of hardwan b 2 ;
of smpton: P ® may be available at the builder's place

Tadble 2 Amctional Descriptions of User-/d justalls Controls on Flgure 1 to follow.

Component, CONTROLS ON ANTENNA #) LINE

Designation Amnctional Name . Notes
" #1 main (level) pot. ad Just sl
‘ gnal level froy Ante
k1 58 71 L switch 3 possible induchances l(.’e.e. ;u'%.l
‘ 270, or 740 ul)
Sus #1 1C owitch choose serles or xm.-;llsl 754
1!01 #1 main tune cap,
[+ N tris cap, (a. k. a, vernier cap, finet. .
E.:] 7N trin pot. P e cap.)
\ CONTHOLS ON ANTENNA #2 LINE
‘:2 g I..‘:mdpt:): adjust signal level from Antenna 2
d ” chooee one ’of 3 fnductance values
- 22 12 aviteh (a8 done with 5K1)

choose series or parallel LC



Z.or T
User-Ad justable Controls
CONTFOLS ON ANTENNA #2 LINE

Ais%]-z A>T
Tuble 2 (continued)
Component

(unbal~2) or unbalanced withrut balun (uwnbal-l))

switches phase-reversing t.nnlmmx;

select balanced output or ons of two unbalanced

Dyscription Punctional Naze Hotes

c2 #2 main tune cap.

o #2 trin cap.

O #2 tria pot.

s puld ¢ sedteh T1, in or out of Antenna #2 line,
CONTROLS SIMULTANEOUSLY EFFECTING BOTH ANTENNA LINES

s antenna switch chooss Ant. 1 only, Ant. 2 only, both, or none
bal./unbal. swiich

e / output configurations (unbalanced with balun

-4 «ound pot.

output modes,

Figure 1 1 Schematic Diagran of "MWDX-1" Ihasing Unit
INPUT SECTION

used for fine-nulling in halanced or unbal-2
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Qutline for Construction

1) ¥ind T, 12,

2) Prelisinary Vectorboard drilling.

| CGround plate preperation,

(4) Preparation of (optional) support legu.

[ Final Vectorboard drilling.

{6) mount components onto Vectorbosrd.

{7 ) Wiring of components.

(8) Inspection of completed wiring, checking of uwitch connections.

(9} FAnal sechanical sssesbly: attach Vectorboard to apacers on grourd plate,

(10) Connect appropriate antennae to completed unit. Rm cable from phasing unit to

receiver

(11) Comnence 'mug.

lL.¥id T, T2 . -

Tl is used ns & phase-reversing transformer which yields phase shifting required to
establish some nulls,

Cut 2 !:locu of #28 enamelled solid magnet wire to a length of approximately
2 metres/64' Label one end of one of the wires 'Al’, Label the other end of that
wire "A2',  label one end of the second wire *Bl' & label its other end ®B2',

Tape the 2 wires together 10 ca./4* from the Al & Bl ends, Insert the taped
part of the wires into a bench vise. Stretch the wires out taut and tape the A2 &
B2 ends to the blade of a large screwiriver. Rnsure that the labele do not become
detached from the wires! If the mmmed label method is too clumsy, other ways to
differentiate the "A* wire from the "B’ wire may be devised: these include knotting
sach end of one wire, leaving the other wire unknotted; or, stripping enamel varnish
from each end of one of the wires and mot stripping the other.

Turn the screwdriver slowly & evenly such that a twisted pair of leads ie formed,
One or two twists per inch along the entire length of the puired wires is the result
desired., Detach the B2 & A2 ends from the screwdriver, Slip the toroidal core cwer

the 1sads, as shown in Pigure 2. Bl
Hrre 2 CORE - /
B2 visE |~
AZ _><:><>oo<:><>c><é@><><{ \\
S At
JW- Miee T-16-2 —j :

(o= F-87-loce F. 125-1)

Vind 40 to 50 turne of twisted r on the core., After tha , ]
between the AZ & B2 onds and the torold, m-sres the B wire -uclt;'t::'é;.txm:h‘;'
from the toroidal core. Cut off B wire more than 4% from the core, Similarly
Te-label the / wire no that A2 is pow 4'* /10 ca. from the corw, Detach the Al & B1
leads from the bench vise & untape them. Twist lead A2 with lead B1, Temporarily
retain all labels on lead ends, Drip canile wax over final Tl toroidal coil asseudbly,

The 11 bly should ble Figure 3,
Heure Seuac v
Tl, Poase-Roverser Al _:—-

i)

\os gae




3, A2D et

12 1s the belwn transformer, pecessary to provide balanced outputs. Cut three #28 . Ground LB *BX10 Ca o o u @
sagnet wire Jeads to l-a./).3' each. Oeing the practices eaploywl in fadricating T1, 3. Greund Flate ¢ P Cover” or equivalent)
label the leads, as in Figure 4, The ground plate is an 8" by 10" (20,32 cm. X 25.4 cu.) bare metal sheot of
Myure 4 spproximntely 0.05" to 0.1" thickness, This will eventurlly be attached 14" behind
— the clrcuit board by means of hardware asseabliss Hl through HS. The ground plate
A - 13 serves 3 purposes: (1) to make a mechanically stalile assesdly (2) to protect the
2A 2] components and the wiring to be built onto the backside of the Vectortoard (3) to
reduce the effect of hand capacitance on tuning & nulling.
3 B To prepare the ground plate, place the Vectorboard over the 8° X 10° metal plata.
The LMD plate has an edge 1ip projecting §* perperdicular to the surface on one sido,
Tape the 3 leads together, 10ca./4” from the 18/73/3B ends. Insert this taped section Consider the side with the 1ip to be the front side of the ground plate. The Vectorw
into a bench vise. Tape the 1A/2A/3A ends to the blade of a laree screwdriver. Stretch board {with only A" series holes drilled) is centred over the front side of the ground
the wires straight & taut, then turn the screwdriver slowly & steadily to twist the leads. plate, in accordance with Figure 7.
Vind 25 turns of twisted txiple wire onto a J. ¥. Niller T-106~2 (or P-87-1 or P-125-1)
toroidal core. Untwist the leads between ends 1A/2A/3A and the corw. Nove the three
labels (1A, 2A, 3A) in towards the core along thelr respective leads such that each . Figure 7

label is 4%/10 cm, from the cors. Cut off wires greater than 4* from the core.

Release the 13/2B/JB ends from the bench viss. Twist the 24 lead and the 1B lead

togethor, Leave labela on all leads for now. The T2 assembly should resemble Figure §.

Drip candle wax over final T2 coil asseably.
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3B Hold the Vectorboard in place with Scotch tape. Use a pencll to mark the 5 A-ceries
holes onto the ground plate. Then, remove the Vectorboard, Drill the S pencil-sarked
points on the ground plate: use the same drill bit as that which was used to drill
the A-series holen on the Yectorboard. Using the holes just drilled, mount five
632 X 14 threaded metal spacers on the front of the plate, with 6-32 X 3/8" metal
screws & #6 lockwashers on the back, as shown in Fgure 8,
Completed T1 & T2 assemblies may now be set aside until they are required later. E 1GURE 8
2, Preliminapy Vectorboard drilling ’ (5) )
SER— (s
Obeerve the drilling master, Figure 6, The .062" dlameter holes on the Yector- 632 = 3" ) 6-32 x (Liv
board are arrunged in an 84 column by 47 row array, Consider the left-most, or first, ¥ (5) ’ (X1 g . N *
coluan on the board to be Column #0 (serv). The right-most, or last, column will be 8.4. sCREwWS 'é‘ - (L8 conea) r-u;srgt\ggg s
considered Column #83. Similarly, the top, or first, row is Row #0 and the botton, \ / ':oc:"::,\;m”
or last, row is Row #46, The distance botween any two ad jacent columns is 0.1%; the " 4 = .L HARDWARE
distance between any two adjacent rows iu also 0.1%. There 18 0.1" of board material v _— ASSEMBLY
betwsen the edgres of the board and the closest ond row or column, . ~-(0 — - - _ e N
Use a folt-tipped marker to make vertical lines on the Vectortoard at columns : / = - =2 H4
0, 10, 20, 30, 40, 50, 60, 70, B0, & B). Meke horisontal lines at rows 0, 10, 20, 30, = Gseumo s
40, & 46. These 1ines will aid in locating holes to be drilled. Note that all holes - - ! [===.} [
on the drilling master are specified by two numbers in parentheses: (column # first, : - - 3: -= o — T -E H
row # ueond;., Mark the five A’ series holes showvn on Flgure 6. Llocations are - - - - - = H3
(2,4);(8,13)1 (42,18)s (73,1)s and (73,4h). Drill thame out, using ove of the bits T & HS
Prescribed in the table accompanying the drilling master,
The Vectorboard with the 5 A-series holes will pow be used as a template to = -0--- P — — == —_ - S H2
prepare the ground plate. Other holes shown in Figure § will be drilled later, //
after the ground plate has been completed, (See Page 23 for an explanation of /

why you can't find figure 6....bp)
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Al%q- rt Leg Assesbly (optional) 6. Mounting Componemds on Vectorboard
e Support leg odios. Oue hole __S__L__‘_
i from the top & bottoa edges. .
2 holes 1in the ground plats, each 1ght side. Throughout the following component-loading sequence, 1t will be necessary to refer
s to :1;}“‘&’:- the left side, the other 'M'lz_bzi‘zfu!:o:om :;ﬁndri»cul dowels, Tepeatedly to the component-location n'ont-ofl:o:: "xwéup“' drawing (Figure 10) and to
Befer to Fgure 9A. Start with two 4 ’:‘;,"{uh dowel drill & sasll pilot hole ne the parts list (Table 1, beginning of acticte),
proferably motal. 1In the centre of one e that used for A-aeries board holes). From the front side of the board, load a 4-40 X 3/8* nyloa screw into each of the "uc
ore than #* deep (drill bit sise sane ss e 6-32 threaded holes at least §* holes: mC1 (21,1); BC2 (21,39); B3 (26,131 & uCh (26,27), On the back of the board,
;n,.n. a 6-)2 tapper into each pilot m..t.:o LE::d:chich was tapped, mark a point }-5/8" attach & tighten a oylon 440 hexnut to mach of these ’0 screws,
deep. “:"’ ;n:nglr ‘ghv.‘::':imur?:;puuu side (180° ‘“""’hz?’fl nt-:' ‘::“1:: ﬂ:‘ & &n;zov;‘;zin: :ﬁb-h:uuf;ﬁmu?wud r::blget !uaitlnd ::4 ft‘:-tﬁ’; C}. &2.
the tappe » v hat s 2 ' C4 s a s e o four wa e capacitors - ack o
aicked, aatk s poini 4=3/8" from the tapped :::.nxs,::;wpoi:tl are oo the string, board. Shafts should go tnts (i holes npecified by Flgure 10. The small mounting noles
untapped end of each dowel, so '-h':db“u':: :o-ol connecting the points, by following oo the capecitor bodies should go over the protruding nylon screws an the back of the
Use a pencil to scribe a line T‘“" to cut each dowel along the lines just drawn. board, Attach a 440 nylon nut to each of the nylon screwa to hold the capacitors in
the atring. Use a hacksaw or jig und plate using 6-32 X 3/8" screws & #6 lock= Place. Thers should now be 2 oylou nuts on each 440 Bscrew, Flace a manufacturer-supplled
Mount the legs on the back of the ‘?’ legs should appear as in Figure 9B, internal-tooth solder lug over each of the threaded sections of the capacitor shafts om
washers on the front. Kach of the two I 9R the front of the board. Attach, then tighten, the metal nuts supplied with each capacitor,
FIGUuRE <9 A F’ SQURE —sIDE over sich of the shaft solder lugs. Do not attach the capacitor tuning knobs at this
N _raum rae~T VIEw FROM L&$T time. Strip a plece of #22 hookup wire to produce four bare lengths, each about /7.6
ca, long. Save the stripped-off insulation for possible later use,
GROUND PLATE Grovwd %’“‘ Solder one end of one bare wire to each variable capacitor shaft solder lug (fromt
SUpPPORT LEG HOLES ~op EP @w.nb N of board). Push these wires through convenient Vectortoard holes to the back side.
\ AATE ) Locate the rotor lug on the back of each capacitors this lug should neasure zero ohas to
TORP 1f (L the wire just soldered to the corrwsponding ehaft lug. The stator lug, the other lug

on the back of the capacitor, should measiure nearly infinite resistance to the shaft lug
wire, After establishing which lugs are rotor lugs, fish each bare wire through the

— tmall hole in its corresponding rotor lug, At siach rotor lug, solder the wire just
Backs10€, ) sttached. Cut off excessive length. The rotor lug to shart lug connections are oscessary
GramDd PLATC | ATTACH because the rotor lug makes a rather tentative connection to the rotor, one which tends
. . S 3 EACH LK’:_ to deteriorate with frequent capacitor ad justaent, and with 4ge. The rotor zakes a much
2! 0; — 8" PRAW w6 : tetter connection to the shaft lug. At this time, the tuning lnobe may be installed on
[«—C7 ~ IAmE x % €w, the capucitors by using the nanufacturer-eupplied hardware,
we. Load the seven bunana jacks with nanufacturer-supplied hardware - jack openings on
" SUP PORT f,  Wamer the front of the board, solder Pins on the backs these are J1 (2,13)1 J2 (2,34);
4 4 B (2,2) W (79,50 I5 (79,12); 46 (79,35) : ﬁ’ (79.42). Load the rotary switches and

potentiometers, observing proper shaft and tal

s
.d:"
s

\8
EN

cations. Nuts & lockwashers supplied
° with these parts are to be used to secure the parts to the front of the Yectorboard,
45 Shafts should protrude out of the front of the board at the following locations:
BoTTOM / Y S (7,24); 3 (2,15); M (14,18); R (A8,30); B (58,5); W+ (65,38); & ® (79,27).
“w N ‘/ I y— After these pots & rotary switches are firaly mounted, knobe may be attached to their
b 10 — Sorface C t+3s "' o P) ’ shafts. Uny: hacksaw to resove excessive shaft length, SW3 & sW4 get single~line knobe;
R, R, DO, v & K7 get calidrated knodbs,
At this tine, st aside the ground plate with attached legs and standoff spacers. It thth & push-pin inmertion tool, insert Keystone 1499R( or Vector T28-OP push-pins
i1l be needed later. al points designated (B on Figure 10, These are loaded from the front of the board at
locations (44,31); (43,46); (58,38); (67,6)y (67,11); (72,6)s (72,11); & (79,18). These
5. Final Vectorboard [rilling ¥11l eventually be used as tie roints for toroidal tx':rmrouer il;ads.
e — . ' Load the toggle switches w th ranufacturer-supplied nuts & ockwashers, FElectrical
Observe Figure §, the drilling master, Use a fllt-'-im:l:;lt:: :; a:‘g‘:n';: connection blocks are to be on the back of the board, switch levers on the front of the
all B-sories holes on the Vectorboard, Drill B-eeries holes r:l holes with an appropriate board, levers should 50 up & down, not right to left. The toggle switches of concam
bits listed in the tadble on Figure 6, Mark, then 41’*11-3";_‘- ':1 s holes. Mark, then and their respective locations are Sw) (13,4)s swz (11,41); svs (45,5)1 sw6 (46,24),
bit. Mark, then drill, D-series holes. Mark, them drill, :' o Tetes all of the & SW7 (55,28), Ensure, by checking parts 11st, that Proper switch typss have been installed
drill, F-series holes. Mark, then drill, G-series holes. This coap at each of the 5 locations, Fut a faw drops of rubber cement oy 8lue over nuts to improve
necessary drilling, aechanical stability,
Figure 10, below, is used for component-sounting. Flace T1 on the frvnt of the Vectorboard such that the T) centre-hole (50,38) s
6. Mounting Compopents on L oA7 e - "~ exactly in the centre of the toroid's “"doughnut hole”. From the front of the board,
- o ) - I |/S g "_ inzert two tie-wraps through that centre-hole. RAm the end of one of the tie-wraps along
33 SW1 q‘bjct SWS SHAET [T Hl‘lv'-l) the back of the board to the 71 top hole (50,32). Fish it through that hols back to the
‘Rn " CL|SHAFT P Y ) Wt front of the board and pull it through the tyelet on the opposite end of the same tiee
’ A ) ect -3 e @B o | P until the tie—wrap holds T1 tightly to the board. Siailarly, route the other tie-
(155) (6182 | Hue) ¥Tup from the front of the board through the T1 centre-hole (50,38), along the back of the
@‘QQ ) " board to the T1 bottom hole (50,44), back to the front, & through the eyelet on that
[ He3 SWe sy (Gt 9 tle-vTap'n opposite end, Pull the He—rap tights 1t will hold the side of T1 opposite
Q.J [ ] ..,, - : to that held by the first tle-wrap. Cut off excessive tis-wrap portions protruding beyond
Aol w9 ey gaer| W casuar H3 Q,.; K]I’Z TR T2 ", & | the eyelets,
Hi ® “ " q‘" W S Y MCmig Pl Flace T2 on the front of the board by positioning the centrw of {ts "doughnut hole”
pathied — o m;—-\&.ﬂ——(n“' over the 12 centre-hols(67,20), Affix T2 to the board using 2 tie~wraps in the same
ow3 .‘M,, S»Wk ! i Py Ranner as undertaken to attach T1. One 72 tle-wrap gues through the T2 left hole (61,20);
o Mot Ri Taa m.“) SW3 :.mr;.": omtgo.:n:ma&me 1)‘2 right hole (73,20); the ends of both are brought. through the
- 28] centre e at (67,20).
| sw3 R2 Swar H‘c?,_.,,, Cown) ’,,; oy This conpletes the mounting of all front-eide Components. Screws & miscellaneous -
s — @ f ay = I handwvare are to e in the H1, 12, 13, W, & S5 holen at a later step in the procedure,
b v %.,, S 4K Doins P—e olb Hounting of additional back-eide components €5, C6, Llx, Lly, Ls, L2x, L2y, L2z, RS, & RS
a2 ®.. & SHAFT v (52, s‘ﬁ; X .. ¥111 be done as & preliainary part of the wiring section,
hety) R2 1as HC2 T d f g Tum the board to the back side vhile keeping the sams vertical orientation (e, g,
s ;;&,!1’_51._ —1 whe 7 T1 at bottom, J3 at top),
) | - H .
oHt ﬁ?jﬁz C2suAFT | T Q ’H_;, m-q',
[ 1 wlep) e Sl . Lo '
L o ——— 'Qn %)




(Sack side of doaxd)

Auq.-mc the two inductance switches, SW1 & SVW2 with appropriate lrductors as in
Plgure 11,

Flgure 11 Inttallation of Llx/Lly/Llz on SW1; L2x/1.2y/L2z on SW2
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Solder all leads to switch pins indicated. Solder the junction of Lly & L1z and that of
L2y & 12z, Ensure that none of the exposed leads cah be pushed into a position which
could cause an undesired shorted connection.

Locate pots R} & R4. On each pot, ascertalin which two terminals are those to be used:
do this by checking for zero ohms on a volt-ohm=eter with that pot turned fully countsre
clockwise (as observed from the front of the board ) and by checking for approximately 1K
with that pot turmed totally clockwise, FPlace a 1K fixed resistor (R5) across the two
terminals to be used on K3. Flace 1K fixed resistor (R5) across the two terminals to
be used on R4, Solder these in place after slipping plastic insulation over the leads
(or after making leads sufficiently short to prevent adjacent undesired connections).
Cut off excessive fixed resistor leads.

On the back side of the board, connect a 47-pF mica capacitor (C5) from the stator
lug og C1 to that of CJ. Connect a 47-pF mica capacitor (C5) from the stator of C2 to
that of C4, Put plastic insulation stripped from hookup wire over any mica capacitor
lead greater than 4" long.

Ascertain which two terminals of Rl are to be used: the resistance between the
correct terminals should be zero ohms with the pot ad justed fully counterclockwise as
observed from the front; the resistance should be about 100X with the pot fully clockwise,
Deternine the two terminals of R2 to be used by the same method. Establish which two
terainals on RS are to be used: resistance between the proper terminals should be zero
ohms with its knob ad Justed fully counterclockwise as viewed from the front; the
resistance becomes 1K with the knob set fully clockwise,

Use the wiring run 1ist (Table 3), the schenatic (Figure 1),-and the backside wiring
drawings (Figures 12A & 1ZB) to wire the coaponents together, using #22 insulated hookup
wire of the shortest length consistent with neat layout & ease of servicing, Ends to be
connected should have about 3/16 * of insulation stripped aiay. GCood solder joints
should be made at every connection point, :

If different colours of wire are available, a ccding scheme say be useful for
later troubleshooting - e. g. wire nms 1 to 5 black, 6 to 10 brown, 11 to 15 red,

16 to 20 orange, 21 to 25 yellow, 26 to 30 green, 31 to 35 blue, 36 to 40 violet, and
41 to 46 grey.

Table 3: Wiring Runs (nuaber given corresponds to sequence of installation)

INPUT SECTION OUTPUT SECTION
_#  FProe To # From To
1 A H in 2} arwfcentre, 59% IO In, RS
2 M out arm, $Va 24 RO out, Jt. RS ara, §
3 1, sWa 3 §nu]ﬂ), SWla 25 1 1,), SWha 3(undbad=2), SWlha
4 1, SWa ¢ (arm, centre), SW1f{26 1 (bal,), SWia push-pin (67,11)
5 ¢ (arm,centre), SW1 top (par.), S¥Sa 27 1 1.), Swub I(unbal=2), SWhd
6  Jet. Lly/L1z C1 rotor 28 1 (bal.), Sw4b push-pin (72,11)
7 €l rotor C3 rotor 29 2 (unbalel), SwWha 2(unbal-1), Swbd
8 ¢l rotor top (par.), SWSH 30 2 (unbal-l), SW4b  3I(unbal-2), SWic
9 (1 stator, jet. C5  arm/centre, SWSa 31 arn/centre, SWSb H in, Jot. R
10 arm/centre, SWSa bottom (ser.), SWSH [{ 32 M4 out, jct. RS arm/centre, $W7a
1 n ‘ 4 Sdu,-.g, SWa 33 top (null b), SW7a  push-pin (44,31)
12 4 (dir,), SwW3a 4 (air.), swib 34 push-pin (58,38) 37
13 R in 35 ara/centre, SW7 pushepin (43,46)
14 R out arm, S¥3b 36 bottom (null a),S¥7a top(null b),SW7b
15 2, SW3b 3 énu].}). SV 37 bottom{null a), SW7a arm, SWb
16 2, SW3b ¢ (arw, contre), SW2i} 38 J6 : J(untal-2), SWic
1?7 ¢ (arw,centre), S¥2 top (par.), Swéa 1 39 arm SWic push-pin 67.,6;
18 jet. L2y/L2e €2 rotor 40 arm Sui push-pin (72,6
19 €2 rotor C4 rotor 41 3 (unbal-2), Swid
20 ¢4 rotor top (par.), SW6d 2 1 1.), SwWue
21 €2 stator, Jct. C6  arm/centre, SW6a 43 Js 1 (val,), Swid
22 arm/centre, SWSa bottom (ser.), SWédb || 44 R? in push=-pin (79,18)
45 R? out 57

The final dackside wire to be attached 1s wire-run #45. This consists of a 14 = lead with

one end ssldered to J7, The other end should be soldered to a #6 internal-tooth solder 1
The lvg will be attached to hardware assemdbly HS at hole (73,44) later. ° e

Figure 12A: Input Sectlon Wiring (back of board, refer to Table 3)

Figure 128: Output Section Wiring
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After the 46 wiring iun: lave bscn cuipivted, the i1 4 T< leads may ba gonnecund
on the front of the boaxd to the push-pins to which leads have already been affixed on the
back of the board.

These are connected in accordance with Table 4,

Table 4: connections between push-pins (front side) and T1/T2 leads

Toroidal Lead Lead(s) # To Push-Pin
Ixansformer Nase {Biguree 3 & 5) at Hole #
m in A (44,31)

. ground A2 & Bl 258,313;
- out B2 43,46
T2 primary-I (in-1) bV} 67,11
- primary-I1 (in-II) 2B 72,11
- primary centre tap 1B & 2A 79,18
- secondary-] 20\:&-][) 3 67,6
- secondary-II (out-II) 3B 72,6,

Cut leads to proper length, consistent with a neat layout and short runs, Strip
about #* (maximum) of enamel varnish from lead ends & solder bared toroid lead ends to
the appropriate Table 4 push-pins, Soldering should be done Quickly 8o as not to loonen
the pushepin leads which were connected on the back of the board, This completes
phasing unit wiring,

8. Imspection of wiring, checking switches, etc,

Reference actual physical assenbly to appropriate drawings. Visually inspect
each component to ensure correctness of asseably. Check wiring runs visually and with
an ohmmeter. Verify proper potentiometer & ewitch connections with an ohmaeter.
Ensure that there are no unwanted connections (such as two ad Jacent pins on a switch
accidentally touching). Flux firy be cleaned from solder joints with alcohol & a cotton
swab or with a commercial de-fluxer.

9. Final Mechanical Assembly

Refer to Figures 7/10 for hardware assembly hole locations., From the front of
the Vectorboard, load a 6-32 X }/8" metal screw with a #6 internal-tooth lockwasher on it
through each of the following holes: Kl (8,13); 'H2 (2,64); 13 (42,18); & W4 (73,1).
Place the #5 internal-tooth solder lug,attached by wire run #45 to J7, over the end of
8 6-32 X 3/8" metal screw. From the front of the Vectorboard, load this screw with
attached lug to'the K5 hole (73.44). Place the back of the Vectorboard unon the spacers
on the front of the ground plate 8o that each of the 5 screws protruding from the back
of the Vectorboard may be screwed into its corresponding ground plate spacer. Turm all
screws such that tight fits are made with the spacers,

FPHASING UNIT IS NOW COMPLETED H
10, Connect Phasing Unit to Receiver, intennae

The following discussion applies to use of the phasing unit in a "stand-alope”,
or unamplified, configuration., Solder banana plugs to the input leads of two longwire
aerials, preferably of similar length. Each wire should be at least 30 n./98¢ long
for optimal performance. Nulls can be produced with shorter wires, but eignal strengths
of wanted stations tend to be quite low by the time pest-nulling is completed, {f the
phasing unit output is not axplified. Plug one longwire into J1i the other tato J2,

If a receiver with unbalanced sin leended! input is to be used, run an approximate
1 n./3.3" length of coaxial cable iR&-I?E or equivalent] from J6 (centre, or *hot'
conductor) & J7 (shield/g:mund/outer conductor'3 to the receiver input & to recelver ground ,
The coaxial cable to be used should be fitted with banana pluge on the end attached to
the phasing unit & with the appropriate receiver input connector(s) at the opposite end.

If a receiver with balanced gdualz inputs i8 to be used, run about 1} n./3.3" of
TV Twinlead or "aC zip coxd™ from & J5 of the phasing unit to the appropriate balanced
inputs of the receiver. 7The Phasing unit end of the cable should be fitted with banana
Plugs; the other end should have the proper receiver input connector(s). If the balanced
cable is used, a wire tying phasing unit ground to receiver ground is aleo necessary.
Once all connections have been made to the finished phasing unit, interesting IX should
YO¥ be possible,

NEXT WEEK: Part 2, in which you find out how to use the phasing unit.

in the meantime, you can have fun tweaking the knobs to see what happens, hi.
The elusive figure 6 will also appear. This is a drilling layout, which

is basically the same layout as figure 10, parts layout, except it shows
what sized holes to drill. If you're smart enough to build this thing
before you get next week's DXM, then you're smart enough to figure out

what sized drills to use to make the holes, hi. --bp

PHASING UNIT CONSTRUCTION

Part II
by Mark Connelly

Using the Phasing Unit

This section describes the manipulation of phasing unit controls necessary to produce
nulls of dominant “pest® stations, allowlng weaker co-channel or ad Jacent-channel stations
to be heard. A station to be nulled can be in the exact opposite direction from a desired
signal: this is the situation frequently encountered in Trans-Atlantic DX eltuations.
A loop 15 generally incapable of nulling a station to the southwest, for instance, without
simultaneously killing sigmals from the northeast. From the Boston/Cape Cod region, a
Yoop car handily dus: WRAL-1090 to the sovthwsst to 21low southeastern signals from YVSZ
& HIBC through. To get BBC-1089, however, from the northeast, phased longwires will
outperform the loop after WBAL is nulled., This article will briefly outline some phasing
techniques to get the user started: each IXer will then evolve personal techniques best
suited to a particular ant.enm/xeceiver/type-of—l)x combination,

As nulling is discussed, the reader is advised to refer to Table 2, the 1list of
ad justable controls (at the beglaning of this article),

After the IXer has Properly connected two longwire aerials to the phasing unit
input & has aade the necessary phasing unit to receiver connections, nulling may commence.
The following procedure is Just one of several possible nulling schemes;

1. Set E;ly]ged/mgalagged output switeh (Sw4) to balanced if receiver has talanced dual

inputs, or to unbal~2 if receiver has single-ended, unbalanced input. The unbal-l
positlon may work better for shorter wires on some receivers, notably the TRF; but
all initial unbalanced ‘aulling should be done in the unbal-2 condition, This is
because unbale2 condition, using the balun, provides greater isolation between inputs
& outputs, hence less stray coupling & greater tuning accuracy. Switching to unbalel
should be done towards the end of the procedure.
Null switch to null mode b. This includes the phase-reverser (T1) in the Antenna 2 line.
3. "PEAK LC" eubroutine

a;} Antenna switch to Ant. #1,

bii A Enln POt & #1 trim %g to zero ohms (fully count.emlockuhe).‘
h,

N
.

c) _#1 trim ca 2. to centre (halfway between fully meshed plates & fully open Plates ),
d) Sweep the _ﬁjl main cap. through its range on each of the-following LC #1 module
et 16 module mode & #1L switch  #1 LC switch

1 a~, 103 ull parallel LC
2 b, 270 uH - o
3 c , 740 uH » -
4 a, 103 ul series LC
5 b, 270 uf . o
6 c, 740 ul " L

When the sharpest, highest gain peak in signal level is found, leave the #1 L &

LC switches & the 41 main tuning cap, in the positions which produced that peak.
4, *PEAK #2 LC™ subroutine
a) Antenna switch to Ant. 42
b) #2 main pot & #2 trim pot to zerv ohas,
; ‘i L tril: c;zg ‘Loicenr.re halfu;y between fully meshed plates & fully open Plates ),
J) Play the #2 main Cap., the #2 L switch, & the #2_LC switch to open a distinct
€00d peak signal, in the same fashlor as that of 6tep (d) of the "FEAK #1 Lo™
subroutine. The #2 L & LC switches can initially be set at the positions
corresponding to those of the #1 switches: 1f the longwires are electrically
similar,the positions of controls yielding a peak on the #2 line will be very
similar to the positions of the #1 1ine LC controls yielding a peak on the #1 line,
Switch the Antenna switch between Ant. #1 & ant. #2 repeatedly and note which antenna
1ine is producing the stronger unwanted-station signal,
6. Antenna switch to null.
7. AMd iust the main pot. on the line which had yielded the stronger signal in step S.

A 2dip*, defined as 3 _point within the moving range of a control (not at an end setting)
at which a readily- reeptible minimum s nal occurs with fgreater level as the control
is ad julstea either clockwise or counterc -ﬁ:ckvlse from that point, should occur,

If there is no well-defined dip » Teturn that pot. to Zero ohme.

Carefully off-tune the main tune cap. on the line which had produced the greater level
ihnGStef]_S. If a dip occurs, leave that cap. at the dip-ylelding setting. Improve

the null by tweaking the #1 & #2 trim caps. & the #) & #2 triz pots. The ground pot.
Bay alse have a favourable effect on odtaining some nulis, If the unbal—zxsv posﬁon
was used up to this point & the desired station left after nulling seems too weak,
switch to unbalel. After a slight retweaking of trim caps, & trim pots, a null of the
pest giving a greater wanted~station level may occur in some circumstances.
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Nulls should de attainable in about 4 out of 5 aituations, using the method above.
In cases whare sufficieat cancellation of an unwanted station does not occur, the above
procedure can be re-iterated with the null switch on null mode a. That should assist

in obtaining more of the desired nulls, 3ome nulls may be laposeibls with a particular

pair of wires, It is strongly advised that the DXer have J longwires, each separated
by a horizontal angle of 120°. In the New England region, -longwires aimed at 50° for
TA DX, 170° for LA DX, and 290° as & pest-etation aerial should work well. TADX is best
heard by using the phasing unit to subtract the pest signals arriving best on the 2900
longwire against desired stations on the longwire aimed S0°., LADX is best heard by
subtracting the 290° wire pest signals from the desired signals heard best on the wire

pointed at a bearing of 170°. The concept of phasing wires running in different
concept when the wires are shorter

directione seems to work better than the parallel-wire
than 152 -,gzw_'_. There are many different antenna pairs which may be presented to the
input of the phasing unit, each with unique properties: exaaples include 2 parallell longwires,
2 longwires running in opposite directions, 2 longwires separatsd by a 90° horizontal angle,
one horizontal longwire vs, a vertical longwire, a horizontal longwire high above the
sround vs, a horizontal longwire lying on the ground in either the same or in a different
iirection from the high wire, or two phased verticals,

A future article on Awplified Phased Shortvires vwill address some of the null--producing
rossibilities of various wire combinations as well as dealing with the "Lsca® concept
of working a loop against a longwire (or shortwire) to obtain single-direction nulls,
Additional phasing-unit-control-manipulation procedures will also be explored,

It is sincerely hoped that this conatruction article will stimulats others to
experiment with phased-wire systeas and to come forth with both technical articles and
analyses of IX loggings obtained through use of phasing units,
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