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Climatological Data for New Providence for
May2020
—

The following information is provided by
Rick, WB2QOQ, who has been recording daily
weather events at his station for the past
38 years.

TEMPERATURE Maximum temperature this May, 83 deg. F (May
30)
————————————————— Last May(2019) maximum was
86 deg. F.
—
Average Maximum temperature this May, 69.6
deg. F
Minimum temperature this May, 32 deg. F (May
9)
Last May(2019) minimum was 44 deg. F.
Average Minimum temperature this May, 49.8
deg. F
Minimum diurnal temperature range, 9 deg.
- ————————————————— (53-44 deg.)5/9
Maximum diurnal temperature range, 31 deg.
—
(70-39 deg.)5/14

Average temperature this May, 59.7 deg. F
Average temperature last May, 63.3 deg. F

—

PRECIPITATION Total precipitation this May– 2.21” rain.
Total precipitation last May– 9.46” rain.
Maximum one day precip. event this May-

May 23, 0.52” rain
Measurable rain fell on 13 days this May,21
———————————–——————— days last May.
YTD Precipitation – 15.60”
======================
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The Stockton SWR Bridge
Jim Stekas - K2UI
A few years ago I built a power meter using an Analog Devices demo board and an Arduino. The
board has three power measurement chips which makes it a great platform for a digital power/SWR
meter. To make that happen I would need a bridge to sample forward and reflected signals and feed
them to the RF board.
The Stockton SWR bridge (designed by G4ZNQ)
seems like a perfect solution. It is easy and cheap to
build, sensitive enough for QRP, and has a flat
frequency response if properly designed.
The key elements of the Stockton bridge are two
toroidal transformers. The circuit at right is a typical
QRP design using FT50-43 ferrite cores with a 1:12
turns ratio. The upper transformer samples the
forward current, injecting 1/12 of it into the
measurement circuit below. The lower transformer
operates as a 1/12 voltage step down. The power
flowing in the measurement circuit is (1/12)2 of the
transmit power (-21 dB). For 100W transmitters, a
1:50 turns ratio would be more appropriate (-34 dB).
At left are various versions of the Stockton bridge that I
built trying to get to one with a satisfactory performance.
Terminating the output of the bridge should result in an
SWR of 1.0 seen at the input. But all the bridges I built had
SWRs varying from 1.1 to 1.2 from 3.5-28 MHz.
The typical figure of merit for a bridge is its “directivity”,
essentially the return loss, or the fraction of reflected power
in dB1 when terminated by 50 Ω . Some folks claim a
directivity of 35dB for their Stockton bridge which is
equivalent to a SWR of 1.036.
None of the bridges I built came close to that magic 35dB,
but they all fell consistently into that 20-25dB range. I
began to wonder what it would take to get to 35dB
directivity.
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An SWR bridge actually measures return loss, but the scale on the meter displays SWR.

The Stockton bridge design starts with the assumption that the two toroidal transformers are ideal and
identical. The ideal transformer has 100% coupling between the primary and secondary windings,
which is impossible to achieve in practice. A bifilar wound transformer (where primary and
secondary are a twisted pair) can approach 100% coupling, but the transformers in a typical Stockton
bridge might have a single turn RG8U coax primary and a multi-turn 24 gauge secondary. There is
every reason to expect coupling to be lower than 100%. For a coupling constant κ<1 , there is a
leakage inductance of (1−κ) L1 that will appear in series with the primary winding and load. Even
if the load is exactly 50 Ω this inductance will cause an SWR>1.
So let's figure out what κ is using the methods outlined last month.
The inductance of the single turn
primary (measured at 100kHz) is
0.43μ H .
When the secondary is shorted the
inductance drops to 0.02μ H .
This implies a coupling coefficient of
κ=0.95 .
Since these inductance values are so
low (try measuring 0.02μ H !) they
likely have significant measurement
errors, so we'll take κ=0.95 as an
absolute best case.
L1=0.43μ H

(1−κ) L1=0.02μ H
κ = 0.95
We can reduce the error by doing the
same measurements on the 12T
secondary where the inductance
should be 144x greater the 1-turn
primary.
This gives us a different, and
probably more accurate, value of
κ = 0.79 . The key point is that
κ<1 and therefore the transformer
does not perform as an ideal
transformer.

L2 = 61.0μ H

(1−κ) L2=12.7 μ H
κ=0.79

Given the measurements above we know that 0.79 < κ < 0.95 and 0.02μ H < Lleakage < 0.09μ H .
The graph below right shows the impact on SWR of Lleakage due to imperfect coupling. The lines
represent the SWR a transmitter would see looking through a Stockton bridge at a 50 Ω load. The
green line represents the most realistic
model based on the highest confidence
measurements, and is pretty consistent
with the performance I get from the
bridges I have built. The blue line
represents the absolute best that might
be achievable with the Stockton design.
A bridge characterized by the green line
is not a lab grade instrument, but it is
perfectly good for adjusting an antenna
tuner for minimum reflected power (i.e.
good match). All it means is that at an
SWR of “1:1” your tuner is tuning out
the reactance of your antenna plus the
leakage inductance.
For the sake of completeness, the figure below left shows the return loss of a bridge built with the
toroidal transformer in the figures. A -30dB return loss corresponds to a SWR of 1.05 and it is
achievable for a DIY project.
The fact that the blue line dips below
-35dB doesn't mean you will see that
performance – you won't. It just means
that other gremlins and imbalances will
creep in below 15 MHz.

Bottom line, the Stockton bridge isn't a good choice for lab measurements, but it makes a good
reflected power indicator for tweaking an antenna tuner, especially for QRP.

