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SWR and Power bridge circuit.
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Figure 13. Circuit of the Stockton Bridge.
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Parts for Fig 13 Tuner SWR, power and Stockton bridge circult.
















Reference. | Valuo

| mates.

Main processor

ArduinoT™ UNO R3 or simliar

Arduino™ UNO LCD blank shield Keyes 5.1 type

analoguse input voltage. So each
volt is divided into 204.6 parts. This
represents a minimum resolution

of around 4.89 mV (1 V divided by

LCD disptay 162 To suit Arduino, HD44780U or similar 204.6). That is as accurate as we
C1A 100n Monolithic can get with the processor A/D. Iif
cI8 330uf 16V Electrolytic we have a slope of 30 mV / dB, we
2 off 6 way Female - Fernale cable from UNO Shistd to LCD. cannot get any reading less than
LCD Headers 16 pin headers t connect o display pins red can only be resclved down to around
o € parts or 0.163 of a dB (ie, 30/4.89).
pin headers to connect to display pins green .
m 3 pin malo PCB head Fod 01 Dower In If we have an input that goes from
Flims poee 10 W to 100 W, with a slope of 30
i 10k Contrast mV / dB, the input to the processor
R4 Backlight resistor can be appx 220R or a small 500R timpot. will °n|y Change by 300 mV. You
Remots rig Enclosure could use a greater siope, but that
Case Discast box 190 X 120 x 60 mm, pus stick on rubber feet Wil imit the overall range of the
Labels 1o suil. | _ meter. | have set the sensitivity so
- that a 100 W signal produces a3V
;‘g 48 f::emm f: m“"”"cn "‘I:‘““ - signal at the processor input, A 10 W
9 CIass's mou signal produces a 2.7 V signal, and
SK5 10ﬁ6plncltassismmtmalemlcoonne¢nr. a1 W signal, a 2.4 V signal. So there
Oummy loads 4 off Microwave terminating resistor 250W is scope far a better resolution. A
Typo RFP 250N50 250w or similar 400 W signal is still within the range
Each dummy load with SMA female chassis connector. of the meter, as is a 1000 W signal
| Heatsink o suit the dummy loads. | {providing nothing else blows up)).
Parts for Fig 16 Tuner Arduino UNO SWR and PWR processor. And a 0 dBm, or 1 mW, signal is also
readable. A 60 mV / dB setting would
a5V supply rail. The processor divides the input give a better resolution and is worth
The processor maximum signal by 1023 and assigns that considering.
analogue input level is 5 V when result to a variable. The value in Because of the limitations of the
using a 5 V reference. the variable then represents the conversion process and low slope
Tuner remote rig monitor switch circuit.
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" CONTESTING 2022

~ Compiled by Roger Harrison VK2ZRH, VJ2N
Ten tips for tyros | o e e s
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Contests are for fun. Get a grin on Understand what bands you can antennas, it is important that
your gob. it should happen during use, ponder what category you want everything is in tip-top mechanical,
the contest as well as afterwards, to enter, and learn the station-station electrical and RF condition.
when you submit your log. In ‘exchange’ expected. Simply put —
worldwide HF-band contests it's that's the information you willgiveto 4. Goals are good. Maybe
sometimes possible to work enough the other station and what they will If you're motivated by goals, make
stations to get DXCC. Two bites of give to you. Note that, by tradition, them achievable, Face it. If you're
the cherry! Here are 10 tips for tyro everyone has a 59 or $99 signal in not a crackerjack contester sporting
contest contenders. contests. Even If you have to say a ‘big gun’ remote station (yet!)

*QRZ’ or ‘again!’ five times before you're hardly likely to win. No,
1. Be prepared you get the other station’s callsign wait! That sometimes happens.
Scouts and Guides know what comrect. The signal exchange is the My first contest as a newly-minted
it means.” Take a leaf from their precursor to the serious info required VK3ZRY - the 1965 John Moyle
book. In keeping with that famous by the contest organisers. Memorial National Field Day, an ‘all
cookbook author, Mrs Beeton, who bands’ HF-VHF event — | entered
said sald: “First, slaughter your 3. Tighten your nuts with no expectations, running QRP
Ox", when entering a contest — first, Antenna maintenance is best done on six and two metres only; t won
check the website. Contest sponsors  before the contest. Being a tyro, Section A, VK3 - Portable, Phone
and managers publish a host of a newbie, or a neophyte, you're (AR, Sept 1965, p.13: https://tinyurl,
essential and incidental details unlikely to be QRO. While the com/29zba4tp). Alright. Won't
about their events. Start early, well strict meaning of that Q-code is happen too often. Best that you try
before the contest date/s. Follow “increase power . . shall | increase to improve on a previous year's entry.
all the links. Do all the downloads, power?”, the colloquial meaning is Consider attempting DXCC in a two-
especially the Rules. more like ‘running the legal limit', day HF contest. Try outranking your
* See: https://tinyurl.com/2p8hs3mp Hence, antennas are significantly on-air mate/s. Power isn’t the main
important to your station’s technical game, nor the outstanding antenna

2. RTDR performance. If you've spent as farm, Actually, operating skill counts
Read the damn rules! More than just much as you can afford on feedlines, a lot. Maybe the most.
once. Sort out the ambiguous bits. connectors, masts, towers, and
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suto |Not| Loggsd | P4 | OW | Rew ' Loggers used versus users -
wl Score Ww“ Wm“ ot"w d"i ml : VKCL 268 af\&: xﬁ%u:of—date
who it log in | who pistiog In versions, itforent
W1 | 8 | 642 | 598 | 4 | 637 | 48 | 109 2 “ versions); NTMM 14; Typed-up by
the manager 12; RD Logger 10;
VK2 | 61 | 6023 | 6009 [ 699 | 0357 [ 4189 224 1 v L .
ogger converters 3; Personally
W3 | 69 | 6619 | 6225 | 384 | 8324 | 4129 202 2 20 typed-up 2; and SD logger 1.
W4 | 33 | 4800 | 4374 | 226 | 5872 | 2800 210 1 28
VK6 | 39 [ 6549 | 6208|343 | 6242 | 1404 | B.67 3 31 Conclusion
VK6 |33 | 3208 |3879( 10 14609 | 1373 | 3.36 8 45 As per usual, thers is a full report
VK7 | 67 | 8883 | 8401282 |12773 ) 626 | 2044 9 4 and statistics on the WIA Website in
w8 (0| O 0o |00 144 | 000 0 0 the download area. 1st, 2nd and 3rd
a 51| 162 | 120 | 41 | 218 | 5000 | 0.04 0 10 place getters will receive a printed
| TOTAL | 310 | 38076 | 35811) 2080 TOTAL 2 81 | certificate from the WIA office.
Table 1. Logs and contacts submitted, showing VK?’s huge weighted score. State winner and team certificates
p S are in PDF format, which can be
Team Name CallsignScore | Dsilsign2 | Soore | Callsign3 | Score | Total downloaded from the website and
Cronies+1 VK7ZBX | 1027 | ViK7ZMS | 878 | VKZHH | 1030 | 2932 printed by the operator.
Crocodiles VK4SN | 1003 | VK4KW | 1150 | WK4WiS | 683 | 2738 Thank you to those involved
Grassy Hut Hams virow | 514 | viep | 313 | vk | 281 [ 1108 in getting a guest speaker for the
Leke Macquarie Lockdown Wamiors | VI2ZG | 171 | VK2MOR | 271 | vkemv | 543 [ 985 Remembrance Day Contest opening
NSW Wombats (CW Only) VK2GR | 456 | VKePN | 198 | vKawa | 192 | 846 speech, especially Peter VK1PE, |
NORA VKGJEF | 76 | VKecoL | 148 | VML | 62 | 288 |  and those who put the speech to air.
‘The Devil Raio Rookles VKTLEE | 29 | VKPHXT | 128 | VKDY | 113 | 2 Eq;
| WH-1 VKBEZ | 32 | VKGAKR | 13 |VKBFRDM|- 68 | 101 R
Table 2. Tearn Results. '
SINGLE OP PHONE SINGLE 0P CW
Callslgn Polnts Callsign Polnts Callsign Polnts Callslgn  Points Callsign Points
VK2EFM 1215 VK7TMO 136 VK6GHZ 50 VKEAKR 13 VK2GR 456
VK7HH 1030 VKTHXT 129 VK6MJC 50 VK2KQB 12 VK2KJJ 234
VKSPAS 1028 VK2LDM 127 VICMET 49 VK3ORH 12 VK2PN 198
VK7Z8X 1027 VK3CHI 127 VK30M 49 VK4KWS 1" VK2WQ 192
VKTTW 1024 VK4ACN 127 VK4ADC 49 VK4Y0 1 VK2ALR 170
WKraus 875 VKBRC 126 VK2UM 48 VK70R 1 VK216 158
VK700 747 VK3FS 120 VKCPD 46 VK1CM 10 VK3MV 148
VK2DG 696 VK6CPU 119 VKSNYD 46 VKSKIF ] " VK2AYD 106
vKavl 638 VK3BBB 114 VKZNTK 46 VKTZRF 9 VK21 104
VK508 636 VK6LV 114 VK3JWT 4 VK2SIM 8 VK2EAH 88
VKIMA 620 VKSAZL 113 VK3UKW 4 VK7ST0 8 VK2BHO 82
VK7J8D 599 VI7XH 13 VI7DM 44 VK3TTT 7 VKIPWE 5
VK7GH 599 VIKALEE 112 VK1PE 43 VKEHNM 7 226D 54
VK3LCM 594 VK3SAY 111 VK5AVQ 43 VK7KWB 7 VK50C 52
VK2PY 543 VI(3ASU 10 VKENUL 43 VK7R! 7 VK7RD 52
VR2MT 529 VK58C 109 VKGN 42 VKIVMM [] VK1DA K}
VKGZRW 492 VHSAYD 107 VK7IAN 42 VK421 4 VK3DID 34
VKTKA) 475 VK4KLC 106 VK7KRJ 42 VK20X 3 VKATT 18
VK768 488 VK2JEH 104 VK5PX a1 ‘VK3KZM 3 VK2KX 6
VK2F0 423 VK3FUR 103 VK7MMT 40 VK3CHR 2 VK2UE 8
VKGRS 407 VK2TS 102 VK3Z8C 39 VK7JFD 2
VK7BW n VK3AMW 102 VK4YED 39 VK1ERF 1 QRP PHONE
VK7THW 330 VK2KHA 100 VK2MOH 38 VK3TCP 1 Callsign Points
VK2YY 308 VKEUSB 100 VK28J 38 VKSSAM 1 VK3TWO 612
VKTaP 306 VK500 99 VKSST 36 VK7ZOM 1 VK3MNQ 280
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¢ Off-centre-fed dipole: 150 to
1000 Q depending on feed-point

*» Five-eighth-wave vertical: about
2000,

The impedances quoted for the
first five examples are at the
fundamental resonant frequency

- the impedance will be different
(usually higher) for other resonant
frequencies. A balun / unun works
best into constant impedance. And
you get the highest power transfer
when the output impedance of

the balun / unun matches the feed
impedance of your antenna (Jacobi
theorem). if you intend to use just
one balun / unun for muitiband
operation, design the device for the
highest output impedance because
then all the other impedance
requirements will result in a lower
input emf, which will not stress the
magnetic design.

Turns ratio and Impedance
ratio

We know from Lenz's law that,

until we approach saturation in the
magnetic circuit, emf Is directly
proportional (by the factor °k") to the
number of turns (N). If we denote
the primary with subscript 1 and the
secondary with subscript 2, we get:
R,=E,/l,andR,=E, /L, (1) Ohm’s
law

E,=kN,and E,=kN, (2)Lenz' law

I, = kN, and |, = /N, <)
N

—_— Output
nput N

Figure 9: A 4:1 unun auto-transformer.

{Equations 3 follow directly from
Ohm's and Lenz's laws; that is,
current is inversely proportional
to emf in a constant impedance
circuit. And factor ‘K’ Is the same In
all equations because the magnetic
circuit is common to all).

If we now set equations 1 as a
ratio, we get:

R/R,=EL/El @
Substituting equations 2 and 3 into
equation 4, we get:

R, /R, =N,k /N, I {(kN,k/N,)
=N, /Ny ®)

In words, equation 5 tells us that the

primary to secondary impedance

ratio is equal to the square of the

turns ratio. This formula applies to

ALL transformers.

In Figure 9, we have an unun with
an N-turn primary and a 2N-turn
secondary.

It is an autotransformer design
because the primary and secondary
have one common lead, and
neither the input nor output can be
balanced. You can easily realise this
design by winding two conductors
in paraltel, also known as bifilar
winding. The impedance ratio,
primary to secondary is 1:4.

How could you make this into
a 1:1 unun? It just requires a slight
rewiring, as in Figure 10,

Though Figures 9 and 10 are
both auto-transformer designs
{because their primary and
secondary windings have a
common connection), an unun doses
not have to be an auto-transformer.
For example, consider Figure 11:

If the primary and secondary are
wound as two parallel conductors
(bifilar wound), this would be a
transmission-line transformer. If the
primary and secondary are both
unbalanced, it would be an unun;
if both the primary and secondary
are balanced, it would be a balbal.
You can now work out what a balun
would be like.

How about a 1:1 balun with
common leads? See Figure 12.

Input

e —

Figure 10: A 1:1 unun auto-
transformer.

el ele—

f— I,

J

Figure 11: A 1:1 transformer with
Isolated primary and secondary.

p—

M*

Iput

B el
Figure 12: A 1:1 transformer with
non-isolated primary and secondary.
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You can realise this as a trifilar-wound auto-
transformer, but now the output is balanced with respect
to the upper input lead (labelled Earth). However, it
is not an isolated design, because of the common
connections. $o, ‘balanced’ does not imply isolation of
output from input,

You can realise other impedance ratios by going to
quadrifilar winding or even higher. Alternately, as with
mains transformers, you could wind different numbers of
turns on the primary and secondary. But if you do this,
you need to be careful that the total length of the wire
on none of the windings approaches /2 - the frequency
at which this occurs wiil have zero output. So, use short
windings.

But the higher ratios become more difficult to wind;
s0, it is often better to achieve a high ratio by using
two transformers In series. For instancs, if you want an
impedance ratio of 16:1, use two 4:1 transformers. Just
remember, the two transformers cannot be the same
because the input impedance required for the second
transformer is quite different from the input impedance
of the first as it must match the output impedance of the
first transformer. For instance, if you wanted to connect
to a high impedance off-centre-fed antenna with §0 Q
coax cable, you could use a pair of 4:1 ununs, the first
going from 50 Q to 200 Q and the second from 200 2 to
800 Q.

Construction materials and methods
In an earller part of this series of articles, | mentioned the
core heating / magnetic saturation problems that arise
when a 60 Hz transformer is operated at 50 Hz, ora 220 V
transformer is operated at 240 V. Of course, with any real
transformer there are losses. It would be nice to use alr-
cored baluns because then magnetic saturation could never
occur, but the physical size would be burdensomse and the
likelihood of approaching A/2 wire length in the windings
increases. So we use magnetic cores - mostly ferrites.
Ferrites have a frequency-dependent permeability, u,
which Is high at the LF end, relatively fiat in the middle
range and then falls off at the HF end. At the LF end
we need to be concerned about magnetising losses
and at the HF end, the inter-turn capacitive losses. At
the HF end there will be sufficient inductive reactance
in the winding that we can ignore magnetising losses
and the risk of reduced permeability. Even when the
initial permeability falls as frequency rises, the ferite
core can be used as a former for an ‘alr-cored’ inductor/
transformer primary.

Auto-transformer vs transmission line :
transformer

Auto-transformer

The inter-winding capacitance results in reduced
bandwidth. And the best efficiency mid-band is often
less than 95%.
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Figure 13: Transformer performance vs winding style
(Sevick, 1991:3-12).

Transmission line transformer

This is a broadband device - you can more than cover
the amateur radio HF bands with one TL transformer.
And the efficiency Is greater than 89% for most of the
pass-band.

Here s a typical set of curves comparing the auto-
transformer and the TL transformer:

Figure 13 shows that the TL transformer has a
broader pass-band and higher efficiency than the auto-
transformer. The curve ‘without core’ demonstrates the
small effect resulting from reduced core permeability at
the HF end, and the massive loss at the LF end. '

For these reasons, | will stick with transmission line
transformers from here on.

What characteristic impedance Z)is needed
inside the balun/unun?

We have discussed input and output impedance. What
we are concerned with now is the impedance of the
transmission line (TL) Inside the balun/unun, Here, we
use the normal TL transformer equation. This internal TL -
impedance should be the geometric mean between Z,,.
and Z,, (when feeding a balanced ACU directly at the
transceiver) or between Z,,.. and Z,.. (when feeding such
antennas as the OCF dipole, 5)/8 vettlca! or Yagi dlrecﬂy
from the transcelver).

Some examples

s KZ,andZ,, both 50 Q, Z,= 50£2. Easy - use
50 Q coax.

* If you try to feed an OCF dipole or 5)/8 antenna,
whenZ, =50Qand Z,, =200, then Z0 = V{50 x
200) = 100 £2. Here you could use two parallel Iengths
of 50 Q coax with only their shields bonded (ARARL
Antenna Book, 1995:21.16) or see below.

* If you want to feed a 3-element Yagi antenna, where
Z,=72Qand Z,, = 18 Q, then Z, = 36 Q. You could
use strip-line for this.

Part 4 continues next issue, with “How to roll-your-own.
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