A High-Dynamic-Range MF/HF
Receiver Front End

Read a two-tone IMD dynamic range specification of over 100 dB
for an MF/HF receiver and you'll probably also see the qualifications
“preamp off,” “500-Hz IF bandwidth” and “signal spacing, 100 kHz."
This front end hits 111 dB with preamp on, a 2.4-kHz IF bandwidth

and the ARRL
standard test-signal
spacing of 20 kHz.

By Jacob Makhinson, NENWP

1100 N Sunset Canyon Dr
Burbank, CA 91504

roliferation of high-powered
P transmitters and electronic noise

pollution imposes severe stgnal-
handling requirements on maodern
receivers. Strong signal-handling capabili-
ty has received significant attention from
the manufacturers and reviewers of
MF/HF amateur equipment during the last
decade. Nespite these technical advances,
there is definitely room for soine improve-
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A spectrum analysis of the front end's patfor-
mance, preamplifier off, while converting two
0-dBm (1 milliwatt) 14-MHz signals spaced 20 kHz
apart to the front end's 9-MHz IF. These appear
at 8990 and 3010 kHz, with the system's third-
ordar intermodulation products (8970 and
8030 kHz) dawn 64 dB relative 1o either tast signal,
This equates to a third-order input intercept of
+42 dBm. (spectrum photagraph by the author)
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ment. Yaesu’s FT-1000, a state-of-the-art
transceiver, sporis a claimed dynamic range
of 108 dB and an intercept point of
+32 dBm (RF amplifier off, 300-Hz [F
bandwidth, 50-kHz spacing}. Fora 2.4-kHz
bandwidth, this dynamic range would drop
to 103.5 dB.

This article shows how to build a front
end which achieves a two-tone dynamic
range of 111 dB and an intercept point of
+33 dBm—with 20-kHz test-tone spacing,
RF amplifier on, and using an IF band-
width of 2.4 kHz. That this performance
can be realized with a preamplifier in line
is stgnificant. It allows the realization of
a receiver that combines strong signal-
handling capability with excellent sensi-
tivity—a challenge to any receiver designer.
The circuit can be adjusted using test equip-
ment available 1o most construction-
minded amateurs, and its 50-ohm modu-
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Fig 1—Stage-by-stage gain, noise figure, third-order input intercept, 1-dB compression point and 1-dB desensitization point perfarmance

of the high-dynamic-range front end.
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Fig 2—This test setup was used to make
the measurements tabulated in Fig 1.
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Front-End Performance

Mini—Circuits - - ! tn
ZFC-2-6 Frf:nt Fad . “-MHZ 1 Remainder ol
Fower Inser ~-f Gk Filter Recelver
<mlitter Test BiW= 2.4 kH2 Cireuitey
T
Hewlett—Pachard Viavetek
H640B 0801
Signal (lecade
tienerator Attenuater

lar construction provides (lexibility and
encourages experimentation.

Front-End Design Considerations

The primary motivation was to design a
front end capable of withstanding an
abundance of strong signals several kilo-
hertz away from a desired weak station,
A traditional approach to this problem is
the use of switchable preamplifiers and
attenuators, Professional communications
equipment sometimes employs PIN-diode
attenuvators,! vorrelating attenpation to
signal level. Depending on the implemen-
tation, these methods may have one draw-
back: Sensitivity sulfers, so the suppression
of strong interfering signals is achieved at
the cost of losing weak stations. Theretore,
carly in the design of 1his front end, it was
decided that a preamplifier should precede
the mixer to establish 4 low system noise
figure.

Fig 1 shows a partial block diagram of
a single-conversion receiver. This article
covers only the preamplilier, inixer and the
post-mixer arplifier in detail. A low-loss,
band-pass input filter serves to protect the
front end from strong out-of-band signals.
The filter insertion loss is assumed to be
0.3 dB. For the sake of calculations, the IF
amplifier noise figure is assumed to be
3 dB. Every block preceding the 9-MHz
filter has 50-ohm input and output impe-
dances. This greatly facilitates block
replacement, promotes experimentation,
and makes possible the removal of the
preamplifier to connect the input band-pass
filter directly to the inixer.

Measurement and Calibration Results

T'he measurement results are summarized
in Fig 1. The preamplifier was evaluated at
14 MHz, and the mixer and post-mixer
amplifier at 9 MHz. The test setup is shown
in Fig 2. Table | summarizes the system
measurement and calculation results.?
Table | indicates that the preamplilier
allows the achievement of a receiver sensiti-
vity of 0.15 x¥, on par with or better than
any commercially produced MF/HF amaleur

Nntas appear on page 28.
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transceiver, while keeping third-order input
intercept and dynamic range at the respec-
table levels of +33 dBm and 111 dB,
respectively. Exteusive experiments on
14 MHz prove the front end’s performance
to be quite adequate under the most adverse
receiving conditions.

‘Those wishing more [lexibility can ini-
plement a preamp on/ott option, although
ihe intent of the design was to avoid the
need of this switch. Amateurs who find a
sensitivity of (.32 ¢V adequate for their
needs may choose not to use the preampli-
Fier at all. IT this is Jone, the front end be-
comes truly ‘‘uncrunchable’ with an
inipressive third-order input intercept peint
of +41 dBm and a spurious-free dynamic
range of 112 JdB. The §-dB input
descusitizalion point**$ reaches + 22 dBm
in this case—a signal [evel of 2.8 V RMYS
at the antenna connector!

Overall System Considerations

Although sensitivity and dynamic range
are primarily determined by the quality of
the front end, some of the remaining
receiver stages are of considerable impor-
tance. The IF amplifier shonld have an
input signal handling capability of several
volts, its distortion characteristics should
be adequate, and its ovise figure must he
low enough not to appreciably degrade the
front end's noise figure. A guod crystal
filter is a must; its shape factor should be
1.8 or better, and its ultimate attenuation
should exceed 100 JdB. Cascading two
filters—-one before the |F amplifier, and
ong after—should be considered ay a way
of improving the selectivity and also reduc-
ing the wideband noise generated by the IF
amplifier. The product detector should not
degrade the signal coming from the IF
strip, and the audio amplifier's frequency
response should be tailored with low- and
high-pass Tfiltering. Finally, extra care
should be taken when designing the local
oscillator (LO). A poorly designed oscilla-
tor may negate improvements in the front-
end's dynamic range. Excessively high
close-in phase noise*’ tnay degrade the
receiver’s ability to separate closely spaced
signals. 1f we assume that the crystal filter

Praamplifier With Without
Third-Order Input Intercept

{IPy,, dBm) +33 44
1-dB Input Compression

Paint (P, dBm) #1543 +23.3
1-dB Input Desensitization

Pont (Pp, dBm) 143 +223
System Noise Figure (NF, dB) 6.6 . 12.9
Minimum Discernible Signal

(MDS, dBm) -133.4 -1271
Sensitivity for 10 dB

(S + MM Ratio in 50 Q

(Vs, ¢V RM3} 015 0.32
Spurious-Free Dynamic

Range (SFDR, dB)* 1M11.0 1124
Blocking Dynamic Range

(BDR, dB) 147.7 1484

“Also known as two-fone dynamic range,
measured at ARRL Lab standard test-signal
spacing ot 20 kHz.

provides out-of-band rejection of 100 dB
at an offset of 2.0 kHz, the LO's phase
noise must be better than - [33 dBe/Hz at
a 2.0-kHz offset to preserve the filter's per-
formance. High far-out phase noise may
raise the receiver noise floor; this can
degrade the receiver’s dynamic range. The
dynamic range limited by phase noise
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Fig 3—The front end uses a Siliconix
5i8901 DMOS FET quad mixer. Siliconix
has since discontinued thls part, but an
axact replacement (the SD8201) is
availablg from Calogie Corporatian.



should be equal to or better than the
dynamic range limited by IMD.% Calenla-
tions show that the LO’s far-out phase
noise should be better than - 145 dBc/Hz.
Although the 1.0 spectral-purity require-
ments are quite stringent, they can be met
by employing an LC-type oscillator with a
high-Q coil.

Circuit Description
Mixer

This stage received special attention since
its characteristics have a profound effect
on dynamic range. Numerous articles have
been written covering the performance of
different types of mixers. For those in-
terested in this subject, the works cited at
Notes 1, 5,9, 10, 11 and Additional Refer-
ences | through 4 are recommended.

Alfter an extensive survey and experimen-
tation, it was concluded that a passive
mixer with active devices can provide the
highest input intercept point. The Siliconix
Si8901—a monolithic quad DMOS FET
designed by Ed Oxner, KB6QI—was
chosen for the mixer. This excellent device
was specifically designed for mixer appli-
cations and truly belongs at every experi-
menter's bench. Siliconix Application Note
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Fig 5--The front end's input preamplifier
consists of two MRF586 transistors
operating in push-pull. The push-pull
configuration allows tha realization of a
high output intercept paint at moderate
device standing currents. The BIAS contrals
individually adjust the transistors' collector
currents to the desired 25 mA. See the
parts list sidebar for component
information,
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Fig 4—The front end's mixer circuitry applies the Si8901/SDBY0 in conjunction with a 74HC74 dual flip-llop, a diplexer network and a
VFO operating in the 10.5-MHz reglon—twice the fraquency necessary to convert 14-MHz signals to the system's 9-MHz IF. Both
74HC74 sections divide the LQ frequency by two and square it; one section (U1A) provides LO output for a frequency counter, and the
ather (U1B) drives the mixer's LO port. The OFFSET BIAS controls adjust mixer balance. D1 sets the 74HC74's supply voftage at a level
considerably higher than the part's specified 6-V maximum; see taxt. See the parts list sidebar for companent infarmation.
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Post—Mixer Amplifier

Fig 6—Another push-pull MRFS86 pair, this time biased to 40 mA of collactor current per device,
serves as the front end's post-mixer amplitier. A 1:9 transformer steps the amplifier's 50-ohm
output up to 450 ohms for a reasonabie match to the system’s 500-ohm crystal filter. The 6-dB
pad is essential in preserving this stage’s high dynamic range: it buffers the amplifier from load
mismatch by “flattening’' the crystai filter's impadance versus freaquency characteristic as
illustrated in Figs 7 and 8. The vaiues of capacitors C28-C35 are in uF.
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AN8S-2? provides detailed information
needed for the design. Fig 3 shows the
5i8901°s circuitry and pinout. Fig 4 shows
the mixer/diplexer schematic. T1 matches
the 50-o0hm source (the preamplifier) to U2's
RF port, and T2 matches U2's fF port to
a 50-ohm load—the post-mixer amplifier.

In a commutation mixer, there is a com-
promise between conversion loss and inter-
modulation distortion. The impedance
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C7—39 pF- + 10%.

C8, C10—330 pF +5%.

C9, C11—22 pF =+ 5%.

C12—27 pF- £ 10%.

(G20—100 pF +10%.

D1—-9.1-V, 0.5-W Zener digde,
1N5230 suitable. See text.

L1, L2--Toka 332PN-T1012Z (Digi-
Key TK5130} 1.0-uH variable
inductor,

L3-.8—100-uH RF choke.

Q1-Q4—Motorola MRF586 RF
fransistor. Lise heat sink
(Thermalloy 2228B or Aavid 3257}
on Q3 and Q4.

Ré&, R7--2-kQ multiturn
potentiometer.

Parts List for the High-Dynamic Range Front End

Unless indicated otherwise, all of the circuits’ resistors are %-W 1% tolerance, and all of its capacitors are 20%-tolerance
ceramic. C7-C12 and €20 are dipped mica, polyester film or epoxy-coated ceramic.

R12, R14, R16, R18—200-01 multiturn
potentiorneter.

T1, T2—Mini-Circuits T4-1 4:1 RF
transformer.

T3, T4, T7, T8B—Mini-Cirguits T1-1T
1:1 RF transformer.

T5, T6, T9, Tid—homemade trifilar
transformer wound with #32
enameied wire on Amidon
BN-43-2402 core (Fair-Rite
2843002402) as per Fig €.

T11—Mini-Circuits T9-1 &1 BF
transfarmer.

U1—74HC74 CMOQOS flip-flop.

U2—Calogic Corporation SD8I01HD
mixer (raplaces the Siliconix
Sig201HD). Siliconix has
discontinued the 3i8G01; the
Calogic 8308201 Is an exact
replacement.

U3—LM317MP adjustable voltage
regulator 1C.

U4—LM337MP adjustable voltage
reguiator |C.

A list of the names and addresses of
parts suppliers, keyed to the
components in this list, is available as
detailed in Note 2.
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ratios of transmission-line transformers Tt
and T2 are chosen to achieve low inter-
modulation distortion while keeping con-
version loss at an acceptable level.

The LO waveform applied to U2 is of
great importance. To achieve a high inter-
cept point, the LO drive must approach an
ideal square wave with a 350% duty
cycle.”*!" Flip-flop UB divides the LO
signal [requency by two and provides 500
duty cycle square waves at its complimen-
tary outputs. The offset bias adjustment
potentiometers, R6é and R7, allow compen-
sation for mismatch among the Si8901°s
MOSFETs and ensure that the commuta-
tion mixer switches operate in a 50% duty
cycle mode. Ul A provides a stgnal that can
be applied to a digital frequency counter.

The mixer’s intercept point also depends
on the LO drive level. Zener diode DI
establishes the power supply voltage for £/1
and, therefore, the voltage swing at the
mixer LO port, ln the interest of obtain-
ing a high intercept point, 2 9.1-V diode is
used at DI. This voltage exceeds the
74HC74’s maximum supply specification.
Experiments with samples from different
manutacturers show that there is a con-
siderable safety margin, however: The
T4HCT74s tested failed when the power
supply was adjusted to around 11 V, Those
wlo feel uncomfortable in exceeding the
part’s maximuin rating may use a 6.8-V
Zener diode at the cost of a few decibels
in the intercept point value. Since double-
balanced mixers are sensitive to 1F port
mismatehes,’ and a reactive load can
cause an increase in conversion loss and
depradation of the third-arder intercept
point, a band-pass diplexer follows the
inixer. The diplexer comprises L.1, C8, €9,
1.2, C10, Cl1, R10 and RI1, The 9-MHz
sighal passes through this network with
minimum attenuation, while out-of-
passband signals over 2 wide frequency
range are dissipated. Resistor R10 presents
a 50-ohm impedance to the mixer, while
RI11 presents a 50-ohm hnpedance Lo the
input of the post-mixer amplifier. C7 can-
cels the inductive reactance of the load
presented to the mixer's |F port,

The measured performance of this circuit

is: third-order autput intercept, + 35 dBm;
t-dB output compression point, -+ 16 dBm;
1-dB output desensitization (blocking)
point, + 15 dBm;: insertion loss, 7 dB.

Preamplifier

To preserve the mixer’s dynamic range,
the preamplifier’s autput intercept point
should exceed the mixer input intercept
point by at least 3 dB, and its compression
point should exceed the mixer’s by at least
I dB.Y The preamplifier’s design criteria
are as follows: third-order output inter-
cept, > 45 dBm; 1-dB output compression
point, =24 dBm; gain between 6 and 9 dB;
noise figure < 3.0 dB; - 1-dB frequency
response, 1.8-30 MHaz.

[f conventional resistive feedback tech-
nigues were used to meet the design objec-
tives, the required transistor standing
current would become prohibitively high,
resulting in a high noise figure. Therefore,
a combination of a ““noiseless leedback’'
method''® and a push-pull configuration
was tried, and resulted in the circuit shown
in Fig 5.

The MRF586 is a high-frequency tran-
sistor designed for use in low-noise,
ultralinear amplifiers and packaged in a
TO-205 case. Used in a common-base von-
figuration, this device provides a low noise
figure because its optimum source
resistance is close to 50 ohms. Bias controls
R12 and R14 allow the collector current of
each transistor to be adjusted to the desired
value of 25 mA. T3 matches the amplifier
iunput to the 50-ohm band-pass input Hlter;
‘T4 matches the preamp output to the mixer
signal port.

Transformers TS and T6 are designed to
couple part of the collector signal back into
the emitter (negative feedback), set the gain
to # dB, and set the input and output
impedances to 50 ohms. C12 cancels the
inductive reactance of the source presented
to the mizer’s RF port at 14 MHz. (In a
multiband receiver, this capacitor may be
part of switchable preselector filters,) The
measured performance of the circuit is:
third-order output intercept, +4% dBm;
|-dB output compression point, + 25 dBm;
gain, 8.0 dB; noise figure, 2.0 dB; ~1-dB

frequency response 1-40 MHz. This perfor-
mance fully meets the preamplifier design
gnals.

Post-Mixer Amplifier

Although the post-mixer amplifier
{Fig 6) uses the samea basic configuration
as the preampdlilier, its design criteria are
different. The post-mixer amplifier’s input
intercept point should exceed the mixer out-
put intercept point by at least 3 dB, and its
campression point should exceed the
mixer’s by at least 1 (B, The post-mixer
amplifier must therefore exhibit these
characteristics: third-order input intercept,
= 38 dBm; |-dB input compression paint.
=17 dBm; gain between 6 and 9 dB; and
noise figure, < 3.0 dB.

These design goals could easily be met
if the post-mixer amplifier had a puraly
resistive termination. However, the ampli-
fier must drive a crystal filter, the
impedance of which varies considerably
with frequency. Connecting the post-mixer
amplifier to the crystal filter via a match-
ing transformer would severely degrade the
amplifier's third-order intercept point. In-
serting resistive attenuation between the
amplifier and flter reduces this effect to an
acceptable level, as shown by Figs 7 and 8,

BIAS controls R16 and R18 allow adjust-
ment of the MRF586s° collector current to
40 mA per device. This value is IS5 mA
higher than the preamplifier’'s device stand-
ing currents to overcome the negative
effects of the reactive lpad on the post-
mixer amplifier’s intercept point. T11, a
transmission-line transformer, matches the
crystal filter’s impedance (500 ohms in this
case) to the amplifier’s 50-ohm output im-
pedance, €20 cancels the inductive reac-
tance of the source presented to the
amplifier’s input. The measured perfor-
mance of the post-mixer amplifier, termi-
nated by a 9-MHz filter via the 6-dB pad,
is: third-order input intercept, + 34 dBm;
1-dB input compression point, + 18 dBm;
gain, 8.0 dB; and noise figure, 2.5 dB. In
spite of the measures taken, the input in-
tercept point requirement has not been met.
Overall system measurements indicate,
however, that the mixer's third-order input

@ b= 3 a

o & a - &S

- = + ; b

= . :
£ — FRS ] £ - g
& = J \ 4 & ] I g
~; Fd ) N & E :" o L j’\ J\_\ —{ g
=] P —— = : o ——t =L
:‘ < - Mognitude \\ < :j' 3 F’halse —] ] 2
2 .| | a i e o - - g
& th i ————
g o Pnose—1— B e S & £ o Magnitude &
: —t———r—— S I AR " | |

] 2 l 3
#.99 4.00 401! a.99 9.00 9.0 |
Frequency (MHz) Frequency (MHZz)

Fig 7—The crystal filter’s input impedance as seen by the post-
miver amplifiat through a 1:9 matehing transformer. The
reflections caused by this characteristic seriously degrade the
amplifier's strong-signal performance if the 6-dB pad shown in Fig

6 is omitted.

range.

Fig 8—The filter impedance as seen by the amplifier through the
1:9 transformer and a 6-dB pad. The reflections still occur—they
must for the filter to act as a filter—but the pad reducss their
magnitude sufficiently to preserve the amplifier’s high dyhamic
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Falun Care

Fig 8—Transformers T5, T6, T9 and T10 are wound with #32 wire on two-hole ferrite
cores (see lhe pars list sidebar for corg information). Wind the 1-turn winding (1-2) firat,
the 3-turn winding {3-4) second and the 5-turn winding {4-5) third.

intercept point has been degraded by less
than 1.5 dB (40.7 dB versus 42 dB) and is
still very high.

Construction

The three modules are enclosed in
separate, unpainted aluminum boxes. Each
module’s components are mounted on
Vector 8007 board (perforated, with a solid
copper plane on one side}. The circuit com-
peonents are mounted on tbhe solid copper
side, which serves as a ground plane. Vec-
tor T68 pins serve as terminal posts as
necessary. All modules’ signal inputs and
ouiputs are made via BNC connectors;
RG-174 coaxial cable interconnects the
modules.

Properly built and shielded, the ampli-
fiers should not ovscillate, Because they
operate in push-pull, strict symmetry
should be ohserved in constructing the
upper and lower halves of each amplifier.

The matching transformers specified at
T1 and T2 (1:4 ratio) T3, T4, 'I'7 and TR
(1:1 ratioy, and T11 (9:1) are commercial
units. If home-buili matching transformers
are used instead, they should he trans-
mission-line types and highly symmetrical.
Transformers T5, T6, T9 and TIO are
homemade as shown in Fig 9.

Alignment

Amplifiers

Adjust controls R12 and R14, 01 BiAS
and Q2 BIAS (Fig 5), I'or a collecior current
of 25 mA per device. Adjust controls K14
and R18, @3 BIAS and Q4 BIAS, for a col-
lector current of 4) mA per device.

Mixer

The diplexer inductors, L1 and L2, must
be aligned [irst. 1f the mixer is a part of
an assembled receiver, inject a signal
(100 ¥ P-P at, say, 14.250 MHz} into the
antenna terminal, Tune the receiver to this

28 5

frequency and adjust LT and L2 for maxi-
mum signal while observing the signal at
the post-mixec amplifier’s output on an
oscilloscope.

As an  alternative method, apply a
14.250-MHz, 100-mV P-P signal to the
preamplifier input. Using another signal
generator, apply 4 ¥ P-P at 10.5 MHz to
the input (from YFOQ) of Lt (Fig 4). Peak
L1 and L2 as described above,

For optimum performance, adjust R6
and R7 (OFFSET BIAS A and OFFSET BIAS
B) while viewing the mixer's output spec-
trum with a spectrum analyzer. A two-fone
IMD test setup (Fig 2) is required. {Detailed
information on performing this test can be
obtained from the works cited in Notes 3,
4, 3 and 10, and Additional References |
and R.) Connect the spectrum analvzer to
the post-mixer amplifier output. Adjust Ré
and R7 to minimize third-order-IMD
products. Monitor the mixer insertion loss
while doing this: it should be around 7 dB.

IF a spectrum analyzer is unavailahle,
another method can be used. A 9-MHz IF
strip with defeatable AGC is required. Turn
oft its AGC, connect it to the post-mixer
amplifier, and connect a scope to its out-
put. Tune the frant end’s VFQ to convert
one of its third-order IMD products
(211 -2 or 2/2-f1, where 1 and /2 are
the test-signal frequencies) to 9.000 MHz,
Adjust R6 and RT to mininmize the leve] of
this signal.

Summary

By properly applying known design prin-
ciples, radio amateurs can construct a high-
performance front end which combines a
very high intercept point with excellent sen-
sitivity., Used with a low-noise 1.0, the
front end described in this article achieves
4 wide dynamic range even with its pre-
amplifier stage in line. A receiver incor-
porating such a front end can provide
strong-signal performance that rivals or

exceeds that of most commercial equipment
available to the amateur.
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value, 4 few approach the 5% limits,

My busic canclusion remains the same;
With changes in wire size on any given core,
af least for cores of this general type and size
at the frequencies used (ali of which are typi-
cal of many HE projects), only minor and
inconsequential inductance changes will be
seen even as the wire size is varied substan-
tiully, One shouid inslead vary the spacing
ot number of turns to achieve the desired re-
sults, —Michael A. Couhajewski, WASMCQ,
7945 Citade! Dr, Severn, MD 21144

Zack replies:

Mike has done an excellent job investi-
gating this matter. However, if you're de-
signing something Lo be published and built
by others, consider this: [t's heen my expe-
rience that you're likely to tind buiiders
winding one more turn—rather than one fess
turn—on 4 core, A good design might ac-
count for this to aliow for siop.

I find that dramaticaliy changing the wire
stze helps in debugging the circuit, primarily
because it's easier to determine whether
you've got the correct toreid in u particuiar
spot: Wire-size differences arve relatively
easy to discern. {['ve vet to find someone
who enjoys counting turns of wire on a tor-
oid!) With the given variations in toroid
cores, I advise against using different core
sizes to gel slightiy different inductances for
no-tune filters,

Finally, as Mike points out, home-brewed
inductors are rarely precision components:
Why specily their inductance to three sig-
nificant digits? Sometimes, even twosignifi-
cant figures is a bil absurd.—Zack Lau,
KHOCP/1, ARRL Lab Engincer
CONDUCTIVITY IN THE COLD,
COLD GROUND
& Assistant Technicul Fditor Steve Ford,

WBSIMY, said he 'd received a query from a
redder of the new "The Doctor is IN” col-

wnn. (Unfortunately, we can't find u trace of

that lerter to identify who it was that wrote! )
The fellow wondered what happens to
ground conductivity when the ground is fro-
zen, His antenna is o verticad, equipped with
wire radials Iving on top of the sail, Steve
enlisted the help of Technical Advisar Roy
Lewallen, WZEL. Here's Roy's response:
That’s an interesting question. 1 honestly
don’t know the unswer, But whether the con-
ductivity of the ground changes when frozen
probably won’t make uny significant differ-
cnce in the operation of 4 vertical. This is
because the ground corrents are flowing not
just on the surface: They exponentiaily
decay as one gets deeper [into the ground],
but a skin depth at HF in most types of
grounds is on the order of 4 meter or two. Su,
unless the ground freezes to a depth of sev-
eral feet, evena large change in conductivity
wouldn’t make much difference. The effect
will be furthes diluted by the fact that the
inipedance of the radial system iseffectively
in parallel with the ground resistance,
You've aroused my curiosity, though. 1

Tahle 1

Caomparison of Earth Type with
Conductivity and Permittivity

Conductivity
Earth Type {S/m) Permittivity
Poor 0.001 4.0-5.0
Fresh water 0.001-0.01 80.0-81.0
Sea water 3.0-50 80.0-81.0
Polar waler 0,001 4.0
Polar ice 0.000025 3.0
Arctic land 0.0005 3.0-5.0

passed the question along to an old friend,
Herb Holeman, WL7BIL. Herb works for the
State of Alaska and is involved in siting
broadeast stations fur the State Public Radio
Network, Since some of their stations are
nver permaltrost, he shouid be uble to [ind the
answer if anyone can,

Herb did reply, and Roy wrate uguin to
sdy:

Herb recalled some experiments which
were run, and they agree pretty much with
the following intormation, located by a co-
worket, Linley Gumm:

...measnrements have revealed earth con-
ductivity and permittivity coefficients of
relatively small percentages at “normai”
temperature ranges while ac the freezing
paint  both these constants manifest
dramalic variations.

In the bouk* is a table which shows—
among other eutries—the information pre-
sented in Table 1. Fromn the table, it appears
thut arctic fand is about half as conductive as
poor ground. When it Ireezes, water seems
to drop in canductivity on the order of 100
times! Not surprisingly, the high dielectric
conslant of wuter drops to an earth-like value

when it freezes. This moderates the effect of
the lowered conductivity, but frozen sea
water is equivalent only to poor earth.

“Let me point out, however, that this
won'thave an appreciableelfect at HF uniess
the ground or water is frozen to a depth of
several feet.—Roy Lewallen, W7EL, ARRL
Technical Advisor, 5470 SW 152nd Ave,
Beuverton, OR 97007

‘P, Saveskie, Radio Progagar:‘on Handbook
(Blue Ridge Summit: TAB Books, 1980).

THE FAX480 PROGRAM MARRIES
THE PASOKON TV SSTV
INTERFACE

2 To suy that reaction to Ralph {WB8DQT)
Taggart's FAX4RG program? is yuite favor-
able 1s un understatement. Now, users of
lohn Langner's S§TV interface® canjoin the
ever-increasing number of FAX4E80) users.
A versiun of the fax program specifi-
cally designed for nse with Langner’s SSTV
interface, FAX480P, is available on
Raiph’s BBS (tel 517-676-036K) and the
ARRL BBS (tel 203-666-0578).—Faul
Pagel, NIFB, ARRL HQ

5A. Taggart, “A New Standard for Amateur
Radio Analog Facsimile,” QST, Feb 1993, pp
31-36.

&4. Langner, “Slow-Scan TV—It Isn't Expensive
Anymorel”, Q8T, dan 1993, pp 20-30.

Note: All correspondence addressed to the
Technical Correspondence column should
bear the name, call sign and complete
address of lhe sender. Please include a day-
time telephone number at which you can be
reached if necessary.

Keep the author(s) in the communications
loop. Whether praising or criticlzing a work,
copy the author(s) on comments senitto Tech-
nical Correspondence. aEF]

Feedback

& In B. Hale, “Buwiid it Yourself from @257
Part 3, (ST, Jun 1992, pp 42-45, (he einitter
¢(E) and collector (C) abels for QL in Fig 11
tp 42) are transposed. © should be lelt; E.
right. Q1 works correctly if inserted as pic-
tured, however—WJIIZ
O1In ). Makhinson, A High-Dynamic-
Range ME/HF Receiver Front End,” QST,
Feb 1993, pp 23-28:

The cireled numbers in the upper ubject
i Fig 9% appear in incorrect order
(@23 dd). Configuwring 75,76, Tand T10
this way turns the pre- and post-amplifiers
inte oscillators. The correct order s
T YEN KN

The Si8901's design originated with
Robert Zavrel, WTSX, and not Ed Oxner,
KB6QJ, as stated in Lhe text.

The spectrum display on the article title

page rudy be confusing becuuse 1ts caption
does not fuily characterize the conditions
under which the photo was obtained: at the
mixer autput. without the preamplitier, and
with mixer loss added. Page 3 of the infor-
mation package cailed out in the article’s
Endnote 2 detuils the calcualations,

Transformers T3, T4, T7 and T8, called
out in the Parts List as Mint-Circuits T1-1T
(tapped sceondary) units, can bhe T[-1
(untapped secondary} units in this applica-
tion.

As called out in the Parts List, trans-
formers Tl and T2 are indeed Mini-Circuits
T4-1 units. and tper Mini-Circuits) have
center-tapped  secondartes  despite  the
untappedness seemingly implied by the
absence of the suffix 7 in their model desig-
nator.—WJI1Z et
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