
Number 10 on~ Feedbadl card

The Challenge of
1750 Meters

No license required.
by David Curry WD4PLl/6

1750 meters is a hobby. jus t like amateur
radio. In fact . it is much like old-time

amateur radio: it se parates the mcn from the
boys! In the early days of radio. hams built
their own equ ipment, and most operators did
not even have licenses. 1750 meters is still
true to that theme: "No license required, on­
ly skill desi red."

Unfo rtunately. 1750 meters is a no isy.
someti mes crowded, band filled with carri­
ers a nd mod ulations . We ll, g uess what ?
Many of those carriers and modulat ions arc
European long-wave broadcast stat ions DX­
ing over the Atlantic. and perhaps that code
you hear in the backgrou nd is actua lly a
Lowfer send ing his JD beacon. FCC rules
limit transmitting antenna length 10 50 feet
and DC input to the PA to I wan. Even with
these restric tio ns, surpris ing d istances via
ground-wave propagation occur regu larly.
Using a com mon noise blanker, audio filter,
or even a phase-canceling device, an ope ra­
tor can clean up the band of light dimmers
and power line noise that o ften can be dis­
couraging. Si mple recei ving an tennas such
as an active whip or loop placed in a clear
area and using a " virgin" ground (a se parate,

isolated ground that carries no power-line
noise ) can provide unimpeded reception.

Consideri ng that communications tec h­
nology has become so advanced, there is no
reason why you ca n' t e njoy the fun and
challenge of 1750 meters just because the
major ham manufacturers didn' t incl ude it in
their rig s. Build you r own radio , perhaps
with a friend , and get on the air: it's that
simple. You will find that you have more to
talk about than the weather, and you' ll share
in the amazement of how a I watt signal can
travel hundreds of miles under good cordi­
lions. Many hams can use thei r preexisting
ven ical ham antenna for 1750 meter ope ra­
tion using a loading coil at the base of the
antenna. Most 160 meter antennas are ideal
for work on 1750 meters.

1750 meters was o rig inally set aside by
the FCC as a frequency range for garage­
door openers back in the early ' 60's, but as
time passed, experimenters (ma ny of them
hams) found surpris ing success despite FCC
limitat ions. These "experimente rs" are reo
ferred to as "Lowfers," and are on vin ually
any day of the week. I can hear two or three
of the m o n my TS-430S , loud and clear,

from as far away as San Diego, 150+ miles
away from my Burbank, Cali fornia, QTH. In
Hawaii, using a portable loop antenna, Shel­
don Remington received Lowfcr beacons Z2
and later H2. both located in Cali fornia. ove r
3,000 miles away! 5SB. AMTOR, RlTY,
and packet have all bee n used successfully.

Design

Described here is a simple " introd uctory"
CW two-way radio for 1750 meters. Anten­
na dimensions for 1750 meters can be found
in 73 Maga::.ille, Septe mber 1991, in " Dual­
Band Vertical" (for 160 and 1750 meters ),
page 38. Also of interest is "Noise Reduction
Using Broadband Acti ve Whip Antennas,"
73 Mogazine, October 1992, page 38.

Please note Figures I and 2. T he fron t-end
preselector uses a tunable two-pole Chevy­
cbev bandpass filter to reduce unwan ted sig­
nals, such as G WEN (G round Wave Emer­
gengy Network) . The d irect conversion reo
ceiver is an uncomplicated design using the
NE602 chi p. T he NE602 Colpitts YFO pro­
vides the frequency reference for the trans­
mitter sectio n. The YFO can be Pt.Lcon­
tro lled externally, faci litating CCW (Ccher-
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Figure I . Block diagram.
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Figll" 2. Schematic.

ern Continuous Wave) operation.
Noise is always a problem al these fre­

quencies so two noise limiters are included
to provid e very effective limiting of high­
amp litude man-made noise and static . A
shunt limiter fo llowed by a series limiter is
used in this design. and this is superio r to
most designs found in commercia l and mili­
tary recei vers . Audio filtering is included ,
with variable frequency and bandwidth con­
trol for precise filtering o f the desired signal.

Ample audio out put drives headphones
and most speakers. Thi s rig is capable of
providing over 100 dB o f gain with virtually
no power supply hum. The transmitter sec­
tion samples the V FO using a simple logic
circuit. controlling Ihe duty cycle and the
keying of the amplified signal. The signal
then drives a c lass E power output stage.
This cla..s o f service is a \'ery efficient 96%.
Many thank s go to Mark Mallory for his ex­
cellent research into efficient class-E ampli-

38 73 Amateur Radio Today. September. 1994

fiers and for sharing his informat ion.
The transrniuer sect ion lends itself as an

excellent beacon transmincr. Simply apply
the beacon message 10 the code key input for
reliable beacon transmission. As you proba­
bly know. pu rchasing component s the se
days can be expensive: this was a major con­
cern d uring the design of this project . All
parts are "off the shelf:' with the ordering
pan number given.

Be wa re : Simple "one-t ra ns isto r"
transcei ver designs just do not work on 1750
meters. Don't be fooled!

Construction

Please note the component layout (Figure
3) . You will notice that severa l component
leads are solde red directly 10 the component
side of the circuit board. This provides the
ground connection for these compone nts .
When th is occurs. be sure 10 so lder the com­
ponent lead 10 the ground plane am' on the

so lder side. No te that capacitors are d isc­
shaped. while etectrolytics are round and
have the pol arity marked . T ransistors are
designated by the half-moon shape. or round
wit h a key. le s are rectangular. with the "U"
mark at the end.

I recommend so ldering the ICs first. No­
tice that some pins must be so ldered on the
component side.

NCXI. so lder transformers Tl, n, and T3.
Dab some solder on the side of the trans­
forme r and ground plane to e nsu re a good
ground.

Install all the capacitors. followed by the
variables CI and C IO, C I and C IO should
be installed so that the side with five leads
goes through the circuit board. Pull the leads
firmly and bend at a 45-deg ree angle to hold
whi le so lderi ng. Note the smal l horizontal
lead sticking out on the side of Cl and ClO.
Solder a wire from that lead through the hole
in the circuit board under it.
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Figurr 3. Double-sided PC board: taiparts placement diagram, (b) top foil pattern, and (c) bottomfoii pattern.
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z = 1.2638 xV2
P

1
(2 x pi x 1.2915 x f2) x L

c:Tank capacitance
V: vec supply 'oOltage
P: OulpuVinput power

e.

T4 Inductance & Turn Ratio Formulas

Figure 4. Face plate templates: (a J/mlll. and (bJ rear. reduced 50%,

-~ e37 e38 vee T4aIb T4e/d Form
, werr X NIA 12 VDC 93 Turns 1/30 Ga. 49 Turns 124 Ga. T·68·3

3.5 watt" NlA X "VOC 49 Tums 1124 Ga. 48 Turns '24 Ga. T-ee-3

10 watts X X 18VDC 33 Turns 1/20 Ga. 37 Tums 120 Ga. T-130-3

NlA: Not used.
• Heal sink recommended.

•• Heal Sink required.

L; Tanll inductance
z: PA load resetaoce
F: Opera ting freQuency

L = .2085 X V2
P,F
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Formulas for Calculating Efficient PA Design

T4 Winding Data

Transforme r T4 must be wound by hand.
Wind the turns evenly and finn ly. After you
are finished winding, cui the wires so thai
about I " remains from the toroid to the end
of each wire . Remo ve the enamel insulation
from the I " ends with sandpaper. The side­
bar has allthe winding in formation you will
nee d . Notice th a t t he ho le s fo r T 4 are
marked "a & b" for the primary. and "c & d"
for the secondary, They crisscross on the ci r­
cuit board. Usc an o hmmete r to make sure
the wires don' t get mixed up and the sec­
ondary wind doe sn' t accidentally go into the
primary holes !

Now so lder the re maining com ponents.
Resistors installed horizontally are indicated
by a re cta ng le sh a pe , while ve n ic a ll y ­
mounted resi stors are a small square . Any
vertical resistor with a lead go ing to the
ground plane should use the longer lead as
the ground lead . You may decide to "go all
the way" and install your tran sceiver in a
box or chassis. The LMB box listed in the
optional compone nt list is a good choice. II
provides extra roo m for a speaker. meter. or
antenna swi tch. The meter is both a luxury
item and a necessity. To make a nicer linish
for the front of the chassis. templates for the
fron t and rear face plates are prov ided in
Figure 4. Go to a photocopy store and copy
the m to a transparency. Be care fu l not to
scratch the black from the transparency.

Apply a thin film o f clear epoxy glue over
the front of the box . Size up the tran sparen­
cy so the top of the box on the transparency
is even with the top of the chassi s. Be sure
you can read the transparency before press­
ing the transparency to the adhesive. After
the epox y has cured fo r a few hours. cut
away the excess tran sparency around the
box with a sharp knife . Tap and drill each
hole to a size a lill ie larger than each control
sha n to give so me play. Repeat the same
procedure for the rear chassis face plate. Use
4-1 /2 " aluminum spacers between the bot­
tom o f the ci rcuit board and the floor of the
chassis. and four 4/40 nuts and bolt s to sc­
cure the board.

T-68-3: Number 01turns .. 100 x ~( l ndUClance in uH/195)

kHz. If no frequency counter is a vai lable.
use a long-wave rece iver, general coverage
receiver. or ham radio that can accurately
tune 10 190 kHz. Place a small piece of wire
fro m Ihe receiver ante nna inpu t near UI.
Tune the receiver for a center frequency o f
189 kHL Listen for a tone while turning the
slug of T3 . Slowly turn the slug unti l you
hear a zero beat on the receiver. Next. align
the preselector. T1 and TI must be tuned to
t he same frequency. If you have a signal

T·130-3: Number 01tums = 100 x ~(lnductance in uHfJ50)
To match the Impedance at the drain 0103 10 a 50 ohm impedance. you will need to know the turns ra­
tion (Tr):

Tr:~(ZdfZ l )
Zd: Drain resistance Zl : load reseaoce (usually 50 Ohms)
These Iormulas are included 10 help solve any pertcuter malching requirement. The above table can be
used to malch most requirements.
The Ir9QUency value for -p can work for lrequenc:ies +1- 10 kHZ.

' P- PLL or phase control of VFO. Section
normally not used.

oVCC-1 2· 18 volt". fi ltered DC or battery
to the terminal.

Connect 12 volts of power to vce points.
A f requency counte r or receiver covering
150 kHz to 250 kHz will be requ ired.

Connect the freq uency counter 10 point
" D:' Tum the transceiver ON. Tum the tun­
ing: capacitorC IO max imum clockwise. Tum
the slug in T3 until the frequency reads 189

Calibration

Connect the antenna. power supply, etc. to
these points:
' A- 50 ohm transmit antenna port.
oB- Cod e key port. Transmit is initiated
when point B is grounded.

oC-Both points marked "C" are connected
to 8-32 ohm speakers or headphones.

oCO~1M-Common terminal for auxiliary
relay.

-Dc-Prequcncy monitor pon. CMOS level
square wave output connects to frequency
counter and/or PLL input.
~ND---Con nect power supply negative or
ground to this point.

oJP I-Receive input select. Short JPl a&b to
use antenna at port " A" for receive. RE­
CEIVE ONLY antennas connect to JPl b.

~N/C-Nllfmally closed terminal for auxil­
iary relay control.

oNlo-Normally open terminal for auxiliary
relay control.
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A drilled and etched PC board Is available for $22 piuS 53 S & H: and this pro ject is available in a com­
plete kit lor see plus S3 S & H Irom: Curry Communications. 737 N. Fairview SI.. Burbank CA 9 1505:
(818) 846~17 . Brochures are available : send SASE.

ind icated is the input current 10 the PA. I
watt of input power is 83 rnA at 12 volts. or
83 millivolts on the VOM or VTYM . Also
remember to measure the PA voltage at the
-;•• meter point stnce there is a slight vo ltage
d rop across R37 whe n calcul ating in put
power. iii

cold end of the loading coil 10 the secondary
of T4 is fine.

A I mA meter may be used to monito r
the PA current. Ho we ver. meters can be
expensive: you can usc a VOM or VTVM
instead. Connect this to the me ter "-" and
,,+•• points on the circuit board. The voltage

Sources:
Mouser Electronlcs-{800) 346-6813
Oigi-Key SaIes--(800) 344-4539
CalIilH213l465-3504
Newark Electfonics---{818) 888-3718

Amidon Associa tes-(310) 763-5no
IME-{817) 473-1730

IME
Mouser: 32RM503
IME
Mouser: 32RM302

Mouser. 29SJ901
Mouser: 31CW505

IME
Mouser. 3 1CW401
IME
Digi-Key: EG1003·ND

Digj·Key: TK1201

Amidon: T-68-3

Digi-Key: NE602AN
Mouser: 511-lF353N
Mouser: 511 -LF347N
Newark.: MC3411 9P

Mouser: 333-78L009AP
Mouser: 511-t.M339AN

Mouser: 140..c012U6·104M

Mouser: 23PS227
Mouser. 592-1 N914A
Digi·Key: Z768-NO
Mouser: 51 1-2N2222A
Mouse r: 511 -2N2907A
Mouser. 511·IRF510

IME
Mouser: 29 MF250·100 k.
Mouser: 29MF2504.02k

ceea c 25-396

IME
IME

IME
IME

Mouser: 140-XRl25V10
Newark.: 9OF1907
Mouser: 140..c050Z6-103M
Mouser. 24TR218

Digi-Key: P3183
Mouser: 140-XAL.16V22OO

Mouser: 23 PW310
Mouse r. 2 1C8008

DigI-"",, P3223
Mouser. 23PW247

Purchase
Mouser: 23PS147

Dlgi·Key: P4521
Mouser: 23PW21 0

82k ohm 1/4W
250k ohm PC trimpot
2.2k ohm 1/4W

2k. oh m PC trimpot
1 ohm 1W
SOOk ohm PC pot
6.8k ohm 114W
10k.ohm PC linear pot
10k.ohm 1/4W
OPOl PC switch & knob
O,63mH transformer

l oroid translormer
NE602 mixerfamp
LQW+fIOise op arT1)

Quad oo amp
Audio PWR amp
+9 VOC regulator
Quad coeoeretcr

0.1 IlF ceramic disc cap
0.0027 F polystyrene cap
ocee
OPOl relay
2N2222A NPN transistor
2N2907A PNP transistor
Power MQSFET
3.3k ohm 114W

100k ohm 1I4W Melal1%
4.02k ohm 1/4W 1% metal
10k dual audio laper pot
12 ohm 1I4W
33k ohm 114W

1kohm 114W
560 ohm 1/4W

10 }IFfSO vee elec. cap
1 ~F monolithic cap
0.01 }IF disc cap
400 pF tuning cap
0.018}1F poly cap
2200 }lF116 vee electro cap
0.01 }IF polystyrene cap
7.5 pF NPO disc cap

0.022 IlF poly cap
0.00471lF poly cap

Parts List

Description
470 pF poly cap
0.047IlF 111m cap
0.001 }IF polystyrene cap

Part '
C1.C5
C11
C13,C23

C15,C17.C24 ,
C30,C35 ,C36

C18.C25,C31.C39.C27
C19 ,C33
C2,C10
C20 ,C21

C26
C2B,C38

C3.C4
C4<l
C6
C7,C12.C14,C16.C22,

C29,C32,C34
ca,C9.C37

01 ,02.03.04,0 5.,
Q1,04
Q2
03
Rl .R4.R20
Al 0,R11 ,R15
R12.R14

R13
R19.R22
R2
R23,A32,A33 ,R34

R25
R3,R7.R21 .R29,

R35 ,R3B

ROO
R31 ,R39
R36
R37
R5.R16
R6.R27.A28

R8
R9.R17,R18.R24,R26
5 1
T1.l2.T3
7.
Ul
U2
U3
U4
U5
U6

Operaucn

The Volume control will limi t the ampl i­
tude of all signals past a certain point. This
can be used to increase the gai n o f a desired
signal that is buried in man-made noise. cut­
ting off the peaks o f the noise while leaving
the signal unaffected. The series limi ter can
be used to lower the volume when the vol­
ume/shunt lim iter control is used for ex­
tre me limiting. You will find that the vol­
ume/shunt lim iter is better at red ucing high­
level man-made noise. while the series lim­
iter is better for redu cing static and occa­
sional high-impulse noise. The audio filte r
frequency and bandwidt h arc adj usted for
the desired amount of littering.

An important featu re is the input Prese­
lector control. The prcsetcctor fi lter is very
sharp. a llowing on ly a small slice of (he
band to be received. If. fo r e xample. the
beacon yo u wa nt to hear is o n 180 kHz .
tune the Frequency control for a frequency
o f either 179 kHz or 181 kHz. The beacon
message will be heard at a I kHz tone: 180
kHl- 179 kHz = I kHz. or 181 kHz· 180 kHz
= I kHz. The preselector must be tuned to
the desired signal at 180 kHz for maximum
pickup. Choosing whether the upper or low­
er VFO freq uency is best depends on which
provides the clearest reception. An example
o f (w().way operation could be you trans­
mitt ing o n 182 kHz with the presclecror
peaked 10 your friend's frequency o f 182 .4
kll z. Your friend' s preserector would be
peaked to your frequency of 182 kHz. As
you can see . tu ning the presclecror above
and below your center frequency provides a
10( of Flexibility.

T ransmin in g a beacon is very use fu l
whi le you're not on the air. It is especially
helpful to other stations that want to know if
they can hear you or nOI. and helps with an­
ten na te st ing and band condi t ions . The
transmitter is easy to use. Simply connect
yo ur beacon ID or code key or PK-232 CW
to the key input. Adjust your lime-delay p0­

tcmicmcter <R30) for the desired time delay.
The PA drive control (R36) can he set for
maximum VCe. The transm itter was de ­
sig ned fo r link o r tap coupling . using 50
ohm coax from the transceiver to the anten­
na loading coil. Direc t connection from the

generator. place a low-level (approximately
100 J.1 V) signal of 175 kHI to the input at
JPl b. On the transceiver. tum the Preselec­
tor and the Filter Frequency controls to the
t z-o'ctock position. Rotate the se ries lim­
iter and the filter bandw idth controls to full
counterclockwise.

Tune the Frequency control for 176 kHz.
Turn the slugs on T I and T2 for maxi­

mum volume. decreasing the signal genera­
tor output as (he tone becomes louder. If no
signal generator is available. connect the an­
tenna to JPl b and listen for any carriers by
adj usting the Frequ ency dia l and volume
control s. Tum the Preselector capacitor to
the same setting as Ihe Frequency capacitor.
Tum the slugs in TI and T2 for maximum
signal strength.
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Number 11 on yourFeedbeck c....t

Dual-Band Vertical
For the 160 and 1 750 meter bands.

by David F. Curry WD4PLI

Photo. The dual-band vertical showing the
capacity hat and top-loading coil.

would a lso be ideal. The larger the tuning
range of the variable . the greater the frequen­
cy swing across the 160 meter band . The
capac itor connects between the antenna and
the center of the coax lead . and is tuned for
minimu m VSW R. With the loading coil near
the top of the antenna. most ofthe curre nt will
fl ow to the top. which is desired .

1750 meter operation is very different . as

this antenna is extremely shon at these fre­
quencies . With the size of capacity hat de­
scribed , a lop-loading co il would be very
inefficient due to the high amount of induc­
tance required. and the subsequent FR losses
fro m the res istance of the wire . A much
la rger capacity hat would be required . and
wou ld involve consulti ng your neighbors! In­
stead we will voltage-feed the antenna using a
large preh istoric-size loading coil at the base,
and use a tap point on the coil to match it to a
low impedance source (transmitter).

By using the capacit ive reactance to tune
the coil to resonance as a part of the antenna
capacitance . the coax actually becomes part
of the antenna matching system. This offsets
the 50-fool antenna and fecdl inc restriction
by turning the coax from a non-reactive trans­
mission line 10 a reactive component thai is
part of the tuning circuitry .

The loading coil LI in Figure 7a can be a
regular air-wound inductor. with the number
of turns found experimentally . Or you could
use a variometer (see the s idebar) that would
greatly ease the tuning procedure.

Const r uct ion

Remember before starting that the top load­
ing coil just below the capacity hat can be
eliminated if you plan to operate only on 1750
meters .

The capacity hal is made ofe ight aluminum
tubes , each 5·fcct long and Iii-inch thick ,
purchased at a local hardware sto re for about
a dollar a foot (see Figure 2) . AI the end of
each tube. press a liz -inch area flat with pli­
e rs . and drill a small hole to accommodate a

Figure 2. Construction detai ls of the capacity
hat tubes. A 2 ~ steel I -bracket is used to
attach each tube to the mast. Run a ",ire ring
through the fa r ends of the tubes to form a
large circle (solder the wire ring at the endof
each tube) .

of the dual-

•

Figure I. Overall dimensions
band vertical.

A ntenna Descrtpuon

The bas ic antenna assembly is in three
pans: the top hat and 160 meter loading co il.
the push-up mast upper and lower sect ion.
and the loading/relay sys te m for antenna
mat ching .

The capacity hat is the key to good radia­
t ion resistance and low angle radiation for
160 meters. and greatly improves the effi ­
ciency on 1750 meters. The s ize shown in
the picture is 10 feet in diameter, with a wire
ring around the perimeter . The wire ring fur­
ther increases capacitance. adding to overall
e fficie ncy.

The telescopic portion of the antenna is a
ga lvanized steel push-up ma st ynu can buy at
almost any Rad io Shack . elect ronics or possi­
bly hardware store. Select the length that
suits your requirements . A 40· foot ma st
seems to be a good compromise of rigid ity
and height \"S . price.

Final matching will be done at the antenna
s ite . using a relay for dual-band operat ion
(nor required for s ingle-band operat ion). and
a capacitor/inductor combinat ion.

On the 160 meie r band . the antenna is cur­
rent-fed by the loading inductor j us t under the
capacity hal. The actual antenna resonance is
lower than the frequency of interest. and
therefore must be electr ica lly shorte ned by a
series capacitor at the base of the antenna .
The capacitor should be preferably an air
dielect ric. such as a large transm itnng van­
ahle from 50 to 500 pF . A vacu um variable
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U sing a TV push-up mast . you can get
surprising ground wave radiation from

small vert ical antennas (30 (0 50 feet high)
for the 1750 and 160 meter hands. Good
antenna performance is critica l; the antenna
must be resonant with your opera ting fre­
quency for transmission , and have a good
ground system.

FCC regulations state a maximum-Su fool
limit in the 160 to 190 kH z bands for both the
feedline and antenna. E..-en with strict limits
such as these. transmission and reception of
ground wave signals from several hundred
miles away are possible at low power levels
o f only 1 wall.

Many amateur operators would like to try
this low hand , but they can' t find a good
design for an antenna. A 160 meter antenna
could easily be matched to work the 1750
meier band . but its d imensions might exceed
the legalhmits. In this a rt icle. I offer a good
co mpromi se . o pe ning opport un it ies fo r
someone with space restrictions.
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440 nut and bolt. Use a solder lug so that the
ring wire can be solde red securely after the
solder lug is tigh tly fastened with the nut and
bolt to the aluminum rod. This makes it easy
to insta ll the wire ring. At the other end of
each tube, attach a z-Ioch steel Lbracker.
Drill 8 holes equid ista nt around the top end of
the mast pipe so that the capacity hat tubes can
be attached. Mount eac h tube to the mast as
shown in Figure 2.

When you attach the top hat. be sure to
tw ist each rod so that the solder lug at the
end will be in a vertical position. The wire
chosen as the ring wire should be o f large
solid variety. and can be insulated. String
the wire through each solder lug hole. but
not too tight. Clip and solder the end of
the wi re. and eac h re ma ining solder lug ,
w ith ample solde r. Spray your favo ri te
color of paint on the entire capacity hat
assemb ly for weatherproofing . o r paint
marine varnish over all sections.

The top loading coil for 160 meters is con­
structed from 4-inch diamete r whi te PVC
pipe. about 5 inches long . 30 turns of #16
gauge stranded wire, Teflon" insulated . is
used for the initial inductor. You could use
other coil-form material , such as Plex iglas" .
Avo id black-colored PVC tubing !

Wind the coil t ightly and pa int it with
Fibe rglas resin . Use solde r tugs to secure
each end of the coil, and 6-inch wires to
connect the coil to the top and bottom mast.

The top section of the mast is five feet of
ga lva nized steel tubing. exactly like the top
sect ion of the telescop ic verti cal. Th e exact
length is not crit ical since the coil can res­
onate to almost any reasonable length, but
lengths beyond 10 feet can break due to wind
resistance . Three to seven feet are recom­
mcnded. (&J. Note: [fyou use a400r 5O-foof
telescoping maSf for fhe antenna, you can cur
the top 100foot section in halfto use as the top
scction.]

When painting the coil. also paint a wooden
do.....el rod that's about one foot long and fits
easily into each vert ical sect ion. The idea
here is to provide good insulation and solid
strength for the top sect ion of the vertical and
capacity hat. The wood en dowel works very
well for this, and should be inserted into the
top of the push-Up mast after curing.

HOld Assembly

Now you may have to make a big deci sion .
Shall it go on the roo f or in the ya rd'!? It
should be in the clear as much as possible . of
course! Absorption from trees and surround­
ing structures can foul up an antenna of this
type. Also. you have to cons ide r a grou nd
system after ra ising the antenna . Insulated
rad ials (as many as practical) at 50-foot
length s should radiate from the antenna base
in equal d irections. On roof installations. use
either radials. hot and cold .....ater pipes (espe­
cially copper coesl) . or chicken fence mesh.
Many times a comb ination of these will do an
adequate job . especially for the ci ty dweller .

After you've determined the antenna site.
make preparat ions for the insulated base.
Many approaches can be used, but the old
glass bottle trick works every time , and is
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Figure 8. Neon bulbs soldered in series and
connected to the antenna. When they reach
maximum brilliance. the antenna is resonant.

<.

Figure 4. Switching arrangement f or dual­
band operation.

Figure 7. (a) Proper matching to 50 ohm
coax. (b) Direct connection to the transmitter
as the antenna site.

Figure 5. Cable connections fo r remote tuning.
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Figu re 3. Close-up
l'i~w of the J60m top
loading coil and glass
bonte insulator for tne
tase.
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recommended. The bottle is simply placed in
cement that has been prepared and drying.
Inse rt the bou le about four inches into the
cement. The cement may be pou red into a
hole in the ground , for ground installations.
A vent pipe can be used for roof mou nt , but a
strong solid insulator, such as a Plexiglas or
Teflon rod , must be used as an insulated
suppo rt. Plastic companies usually carl)' th is
p roduct . Alternatively . a cement block can be
used with a glass bottle for roof mounts . The
guy cables are 1,4 -inch polypropylene rope
which are adequate but need replace ment ev­
ery couple of years.

The collapsed mast is placed over the insu ­
lator and guyed at the lo- fOOl section. Addi­
tional guys are attached, usually at the 30­
foot section.

If steel guy wire is used , be sure to usc
ce ramic egg insulators, two per guy to insu­
late the vertical. Vel)' high voltages exist

Figure 6. Remote control of th~ tuning ca­
pacitor using a J rpm clock motor. Use an
insutaied coupling shaft between the motor
and capacitor shaft.
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Variometer Construction

•

A vQriomeler provides an easy way to match low
freQuency antennas. such as vertical radiators,
random length horizontal, or " L" shaped wire en­
tennaa, and resonate these ere desired frequency.

A variometer can be thought 01 simply as two
inductofs that can sl ide in and out of each Olhet.
Depending on the size 01 the induetOf coil forms,
the number of turns, and the Size 01wire used, the
inductance will vary as the magnetiC fields of both
coils eithef aid or cancel each other as the two coils
are I1lOVfId wiUlin each other' s proximity.

One of the coils can be made small enough 10
rotate inSide the larger coil , and the magnet~ ftux
can be added or subtracted by rotaling Ihe inside
coil. To do this, both coils must be connected In
series. The vencmeter is wi red so thatthe smaller
rotating inductor is connected wilhin the large
outer ooe. Opt imum efficiency will occur when
both coas aid or add to each other lor max imum
inductance.

Du ring initial calibratiOn , alter rotating the inSide
inductor 10 resonance. it may be beneficial to re­
move wire I1'Om the variometer. This is especially
desirable Irom the standpoint of higher effICienCy
and better 0

The whole poinl of the variometer is 10 lind the
ballpark resonance 01 your antenna system, then
optimize the vertometer by removing or adding
turns, il required ,

Assembly

Firsl . wind the large co~ Iotm.
Usually. a range of 5-8 mH lot a 30-50 fool

vertical antenna will be within the 1750 meter lim­
its . A vertieal antenna such as this should also
have al least a 5-foot capacity hat lot improyed
radiat iOn resistance. Wire gauges lrom 18 to 26
work well, with the small gauge wire providing
more tums per inch and more mductence. Number
22 gauge wire does a line tab overall , and you 'll
need at least 200 feel.

Two small holes, one at each end of the coil
form, is used for terminating each end of wire alter
winding.

Tape one end 01 wire with mask ing or seeten­
tape to , or near. a hole at the end of the coillorm,
Sit in a chair cr cooca with lhe form in yourlap. The
spool of WIre should be on the !lOOt, leadi ng up to
thelorm

Tum the torm w ith one hand and use the other
hand to gu ide the wire taunt against the form. A
t ight, even layer is requ ired . After 20 or 30 turns
you might want to slop and push the turns closer , il
required,

Masking tape will hoid the turns in p lace when
you stop. In the middle of the 'arm are two 1/4-inch
holes directly opposite each other, with a small
hole next to each one. Wind the turns carefully
around these holes so that you don't block them,
because the holes will be used later on in assem-
b'y.

A 4-40 screw With a solder lug can be installed at
the end hole 10 terminate the wire . Ibe insulation
should be removed wilh line sandpaper or a strip­
ping chemical, and Ihen inserted through the eye
ctma solder lug and tw isted. Make sure that tnere
isn·t any slack thaI could loosen the turns of the
wire, Repeat this procedure for the other end olthe
coil using a 4-40 screw and nut , and a solder lug
terminal. If desired, a spray varn ish can be used to
add weatherproofing and protect ion . Use only a
clear varn ish or enamel.

Now Wind the smaller coil lorm III a similar tasn­
iOn. Because Ih is form is so small by comparison, iI
may nol be necessary to take the same preceu-

lions as oetoee. The only major difference is the
way the wire is installed in the torm itse lf. (See the
figure.)

At this time. varnish or spray enamel may be
used to prolect the inside coil .

The final step in the assembly is to instaH the
smaHcoil inside the larger one. and wire the two
inductors together. Locate the nyton threaded rod
and nylon nuts. Push the rod through one end of
the large coil and screw a nul on. Turn the rod and
advance the nut, lhen screw on another nul. Alter
an inch or so, place the smaller coil form inside Ihe
larger one, and place the end of the rod into Ihe
1I4-inch hole in the ce nter of the small form, Con­
tin ue 10 turn the rod so that it advances inlo the
small coi l form and add another two nuts on the
nylon rod , Continue turning tha rod so that it can
go through the small conteen. and add one more
nut. A total of six nuts are used, with four of lhem
holding the smaller coil directly in the cemer. Tight­
en the nuts with FINGERS ONLVI The rod should
extend completely through the large coil. with one
end Iooger to prOVide a knob to turn it with_AI this
end . add the last nut on lhe outside of the large coil ,
and screw il 90 it is tight With the inside screw.
centering Ihe small coil and providing a small
amount of friction so that the small coil won't slip.

Take tha wires from the small Coi l and lead each
wire through the small holes on the largarcoil form.

These two wires should follow closely to the ny­
lon -oo.and have no kinkS or \WistS.

Once fed through the smalt hol&s on the large
form, clip the excess wire so that only 1/4 inch
remains extending fl'om the large coil form. R&-

-- ---- --

The diagram shows that the wire is first fed b8c/C.
wards 0U1 of the hoh! (A), afld dowTI tfle inside
toward the center (8 ). afld then CJ(Jtside with ~
proximately 3-4 inches remaining. This remaining
end will go through the small hoJe at the center of
/helarge coil form later. With thlJ wire a/(A) and(S)
installed, wind the form comple/e/y, being sure to
leave an open space around the 1/4-inch holes a l
the end. Push lightly all turns so thaI the most wire
possible can fit on the form. 8efor'e cutting Bny
wire, add approximately two feet. after inserting
the wire through the 00Ie (C). Now. cut tfle wire and
fHd it through hohJ (C), dowTI inside toward the
center and through hole (0). 10 the CJ(J1side.

move the enamel so that each wire is cle an for
soldering,

At this point, cut the wire on the large coil, where
it goes between tha two 1/4-inch holes. This will be
right in Ihe middle of Ihe coil , and will be easy 10
locate since iI is a Single wire in between the upper
and lower sections.

II no varnish has been applied to the larger coil,
you will need to add tape over the upper and lower
sectiOns 90 the turns will not become loose alter
you cut the wire. Each of the cut wires should be
trimmed back and soldered to one of the wi res from
the inside coil. Snip the wires from the larger coil
and solder, one on each side, to the 1/4-inch wires
on each side from tha small rolating coil. Allow a
small amount of slack on tha inside wires for rota­
tion.

Operation

The variometer is connected between the
ground $y$Iems and the antenna, u$l.l8lly with a
tap point several turns up from the ground side that
connects 10 the transmitter and/or receiver_

For systems involving only a receiver, simply
rotate the small coil of the variometer at the fre­
quency 01 interest and nole a peak in reception. If
there is no peak in signal strength, then it is entirely
possible that resonance is occurring elsewhere .
Remove turns Irom the top of tha outer coil if re­
quired.

For transmi"ing purposes, rsmove as much wire
as possible lrom the outer coil after the frequency
has been delermined and experimentation has l0­
cated the vartometer's poinl of resonance. Mea­
sure either the AF voltage across the SOonm Io&d
with an 0SCi1bVope or RF YOItmeter. or the AF
currenl to the 50 ohm load. Note lhe value.

Monitor the radiated RF level and tum the vali­
ometer coono nc resonate the antenna. A receive
monilor, field strength meter , or a small neon bulb
placed near the anlenna is uselullor this. Antenna
voltage can be veryhigh, Avoid touching Ihe anten­
na while tuning.

Nole Ihe current or voltage at the tap point.
When lhe antenna is resonant, this should be the
same value as thai 01 the SO ohm resistor_ 11 the
currenl is lower, go down on the tap coot toward
the ground end. For vohage measurements that
are low, raise the tap poinl higher, away from
ground. AtHesonale the antenna ffYfJry l ime you
change the taP poinl.

An oplimum point wilt be reached where the tap
poinl will have the same voltage and/or current, as
was noted with the 50 ohm resistor, when the an­
tenna is a resonance. Using a nonreactive 50 ohm
load as a relerence makes il very easy to adjust
transminers and antennas on 1750 meters.

Sophisticated equipment, such as an oscillo­
scope, is handy. but a small Ne-2 bulb will suffiCe in
a pinch. Several Ne-2 bulbs soldered logether in
series wi. also wor1l. as a relerence for mon itoring
YOItage across the antenna, This is only for reter­
ence and ooes not indicate antenna efficiency.

Sometimes there may bedlffiCulty in rotating the
inner coil due 10 rubbing between the two. Adjust­
ing the four screws that secure the inner coil wil l
either expend or contracl the coil center. Wire
turns arou nd the Coi l lorm sometimes warps Ihe
form slightly. Placing pressure will campen sale for
Ihis. After Ihis is done, set Ihe two nUls on the outer
coil form to gently hold the inner coil in the center.

A complete variometer kil is available (not il"l­
eluding wire) lor $68,95 postpaid from: CurryCom­
munications. 852 North Lima Slreel, Burbank CA
91505.
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T une-Up

T ransmit a signal on the desi red frequency
into a 50 ohm load and note either the cur rent
or voltage across to load . Replace the load
with the tap point at the antenna site, and
resonate the antenna by varying the induc­
tance of the coil. Capacitor Cx is a 25 pF
(va lue not critical) high voltage va riable that
is temporarily inserted to aid in finding the
ballpark freque ncy resonance of the antenna,
in case it's off-frequency . Cx shou ld be re­
moved or minimized for best efficiency. Ad­
just Cx and then add or remove turns on L I
until Cx becomes a very small value or not
required at all.

Mon itor the signal strength with a remote
receiver or field strength mete r. Figure 8
shows several neon bulbs soldered in series
that are connected to the antenna. As the
antenna approaches resonance, the bulbs be­
gin 10 shine brighter . Once our aim , maxi­
mum brilliance, has been reached , note the
current or voltage at the tap point. If there is a
d ifference between thi s value and the value
noted across the 50 ohm resistor, change the
tap point and re-resonate the antenna . Do this
procedure several t imes until the antenna is
resonant and the SA ME value is indicated at
the tap point as with the value noted with the
50 ohm resistor.

This is the relative 50 ohm tap point on
the loading coil , when the antenna is resonant
at that specific frequency . The reactive ele­
ment of the coax is absorbed by resonat ing
the coil and antenna, pro viding a pan of the
total matching system. The direc t co il method
in Figure 7b can be used for beacon transmit­
ters (for example) , ..... ith the loading coil
ground end co nnected instead to the transmit­
ter output.

The loading coi l can be made by using
a large co il form , about s ix inches in diame-
ter and 10 inches long ound tightly with
# 18 gauge enameled ire . Plexiglas or
white PVC tubing is excellent for this appli­
cation . You'll have to experiment to find the
exact amount of inductance required for an­
tenna resonance . It is easy to acciden tally
resonant the antenna on the second harmonic .
Check the signal with a receiver on both fun­
damental and hannonic frequencies to con­
firm power output on the fundamental fre­
quency.

A car battery OOX (or any weatherproof
enclosure) can be used to house the capacitor,
re lay and I rpm motor . The coil should be
located in the clear ..... ith a coat of marine
varnish after installation is complete.

Check out information on mobile 160
meter antennas fo r an unde rstand ing of
how 1750 short ve rticals operate . They
are very similar in principle. These short
vertical antennas offer reliable resuns . and
they're a good compromise o f s ize vs .
performance.1II

You may reach David F. Curry WD4PU at
852 N. Lima Street , Burbank CA 91505. The
o .....ner of Curry Communications, David of
[ers a vanometer kit for this project for
$68.95. postage paid.

Loadmg Coil a nd ~Ia(ching

Figure 4 shows remote s.....itch ing and run­
ing of the ante nna . A I rpm motor (M ) is
connected to capacitor C I (F igure 6). Relay
RL I . a power relay . will withstand at least
220 volts . This is required since high voltages
e xist with this type of antenna on 1750 me­
ten> . Using these will provide easy control
rig ht in the comfort of your ow n shack!

160 Meter Calibration

Connect an SWR meter between the trans­
mitter and antenna. Place the transmitter into
the transmit positi on . using low power in a
clear portion of the 160 meter ba nd that will
be the freque ncy of interest.

Rotate the capacitor and notice the SW R
meter for a dip. If no dip is ind icated. try a
lo.....er or higher frequency . The top load­
ing coil may need turns removed or added
to facilitate tu ning and lo.....est SW R. Ca­
pacitance of C I lower than 50 pF should be
avoided .

Poor ground systems will also deteriorate
the lowest possible SWR. Shorting C I will
cause the antenna to resonate at its natural
resonant frequ ency. .....hich shou ld be around
1750 kHz. The capacitor shortens the wave­
length of the antenna into the 160 meter band.
but a point of no-ret urn can happen if the
natural resonant frequency of the antenna is
much lower than 1750 kHz .

1750 ~leter Band O peration

Th ree to seven mH will be required to
resonate this antenna on 1750 meters . A
va riomcter (see the sidebar) is a convenient
way to find resonance and match the antenna .
Figure 7a shows proper matching to a coax ,
and Figu re 7b can be used for direct connec ­
tion to a transmitter at the antenna site. The
coil in Figures 7a and b is tapped approxi­
mately five turns from the ground end , and
can be found by simulating the tap point with
a 50 ohm load .

when you use the antenna on 1750 meters.
and high voltages ex ist on the capacity hat on
both 160 and 1750 meters. You' ll need a
ladder nex t 10 the vertical. and rigid gloves to
raise each sect ion. Insert the wooden dowel
with the top-loading coil placed about two
inches above the mast .

W ith two small screws. bolt the coil to the
side of the dowel . Clean the top of the mast in
a small area. The wire from the bottom of the
coil is soldered at this point. Place the top
vertical and capac ity hat section on the dowel
rod . and clean it for soldering to the top of the
loading coil. Raise the top section of the mast
and tighten the section after being extended.
Raise the next section and secure thi s after
being fully extended . After all sections have
been ra ised . check the guys and adjust the
a ntenna into a vertical position.

You can add strength to the vertical joints
by drilling 1.4 -inch holes through each joint
and securing them with a nut and bolt th rough
the smaller hole whe re the cotter pin is usual­
ly located . These masts can be quite flimsy
when you're ra ising them . Be ex tra careful
around po.....er lines.
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Number 11 on your FlI8dbllck card

Noise Reduction Using

Broadband Active Whip Antennas
Clear reception for the VLF/LF bands.

by D. F. Curry WD4PU/6

ncous coupling of no ise from power line re­
lated ground systems in the shack. The cop­
per pipe used as the ground rod also sup­
ports the wood mast. 111e braid of each coax
cable is connected 10 th e ground rod. The
no ise is typically installed onl y a foo t or IWO

above the ground.

Phase Shifter

Figu re 3 sho ws lhe phase-shi ft schema tic,
with inpu t TI and 1'2 used as isolation trans­
formers to accomplish the necessary separa­
t ion for the "bouse" and antenna ground sys­
tems. Switch SW I A-D is an on/off switch
and banery charge switch all in one. Please
no te th at the s wi tc h , the bauenes. and
R I7/RI S are not mounted on the ci rc u it
board. but wired sepa rate ly. Also note the
polarity of B I and 8 2 wired 10 points E and
F on the circuit board ground.

Points A-D arc j umpers from the ci rcuit
board to SWI. Switch SW 2 can ch ange the
inpu t phase 180 degrees if required. R1 and
R2 arc load resistors after the voltage step­
up transforme rs T I and T2 , pro viding an
honest to god 50 ohm match at inputs J I and
12. U la and U2a arc simple broadband am­
p li fie rs , w ith an amp li ficati on o f 3. 1 for
buffering and overcoming some losses in the
circuit. R7 and R8 are the volume or ampli­
tude adjustment co ntro ls. which scr the level
to the phase-shift ing stages. U lb and U2b.
The phase -sh ift ci rc uit is your class ic " all
pass" variety-it varies the phase from 0 to
almost 180 degrees by controlling the poten­
tio met ers R II and R 12. R 11 is used as a
coa rse adjustmen t while R I2 is for fine lun­
ing. Ourpur from U1b and U2b is matched to
the 50 ohm rece iving pori at J3 through R 15
and R16 and phase shift transformer D , an
audio transformer that places the output sig­
nals from U I and U2 180 degrees out of
phase. This output from T3 is con nected to
your nex t stage. or your rece iver.

Excellent nu lls of 70 dB or be tter hav e
been measured from 50 to 450 kilL using a
signal generator as the common input source
to Jl and 12, and an osc illoscope monitoring
the output. Separate 9-vo lt batteries arc used
to power the phase shifter and act ive anten­
nas. Using a 4PDT switch. rechargeable bat­
teries ca n be recharged when the phase unit

Figure I. Blod diagram.
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ncctor is used for the ph ysical support and
electrical co nnec tions 10 the wood mast and
the steel C B wh ip . T he "L" bracke t is a
co m mo n CB acces sory. fou nd at R ad io
Shack or other electronic stores.

The noise antenna can use eit her wire (for
lo w profi le) o r aluminum rod antennas (as
shown) for more rugged installat ions. Both
work. very well. If you use the rod version I
recommend using two or three rods, approx­
imately three feet long each. Flanen and drill
the ends so they can be ph ysically joined to
a feed -through connection.

Co nnect eq ual lengths of coax. to each
preampl ifier, using BNe connec tors. After
final installa tion and an operational check ,
spray the boxes and connect ions with a qual­
ity marine varnish .

T he act ual locat ion fo r act ive antennas
such as these is critical; sometimes the di f­
ference of only a few fee t from nearby ob­
jects can make or break reception . T he strat­
egy behind expe rim ent ing with ante nna
placement is 10 find the lowe st noi se are a
possible bef ore you beg in rhc phase-cancel ­
ing scenario.

The lowest noise spo t at my location end­
ed up being in the front yard, away from the
house and powe r lin es. Al so , a se parate
ground sys tem sho uld be used for act ive an­
tennas to el iminate ground loops and ex tra-

A ctive wh ip antennas can be used suc­
cess fully in a number o f applica tio ns

where man-made noise such as ligh t d im­
mers. power line hash. TV horizontal osc il­
lators and ot he r types must be red uced or
el iminated in the LFNLF spectrum.

The technique involves the use of two ac.
live whip an tennas, both electrically identi­
cal but physically placed in a manner that al­
lo ws phase ca ncellation of the noise . while
allow ing the signal 10 rema in undi sturbed.
Similar systems have been developed (about
the same time as my de sign ). as noted in an
e xempla ry article by Dave Robinson. "Ac­
tive Wideband Interferometer Using Active
Whips," featured in L OII"/10YI"II . August 1990.

My part icul ar requ irement was the elimi­
na tion of powe r line hash fro m a nearby
high tension line. Noise blankets arc effec­
t ive for re moving impul se noise with high
amplitude spike s. bu t a poor choice when
try ing 10 remove "comple x" no ise such as
power line hash thattypically masks itself as
the final word on your Scmetcr.

This circui t not only phase-canceled the
power linc hash but as an extra bo nus sub­
slant ially red uced the neighbors ' TV bori­
zcmal oscillator harmon ic, rendering anoth­
er po ri io n o f the 1750 meter band usable.
Figure I shows the bas ic block diag ram o f
the two whip antennas and the phasing unit.
along with the other eq uipment I used.

Kee p in mind that thi s addition 10 any re­
ce iving station should be part of a "receiving
system " that incorporates other bene fic ial
recei ving aids such as receiving processors
and regene rative preamplifiers. The phasing
un it will a llow accurate adj ustment of phase
and am pli tude o f both signal s independently.
High quali ty active whip components can be
purchased fro m manufacturers listed at the
end of this article. or built from scratch us­
ing the circu it shown in Figure 2. The com­
pleted layou t for the act ive antenna pream­
pli fier and the phase shifter is sho wn in Fig­
urcs 4 and 5. 111C PC boards shown in Fig­
urcs 4 and 5 arc av ailable from Curry Co m­
municarions (sec the Parts List for details).
T he active antenna circuit boards are housed
in sma ll Hammond die-cast aluminum boxes
for weatherproofing.

Fo r the signal antenna, an 50-239 con-
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by T3. If you are unsure whether the chan­
nels are working correctly, a simple check
can be done by connecting a single an tenna
or signal generator to BOTH inputs to con­
firm actual operation of the phase unit. With

Continued on page 62
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Figure 4.(a). PC board foil pattern for the anlenna preamp. (b). Parts placement.
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Figure 2. Antenna preamp.

Operation

Apply power 10 the phase shifter and an­
tennas. The volume controls should be ad ­
justed and reception confirmed. Adjust your
receiver 10 a beacon or signal thai you are
familiar with . if possible. The volume set­
ting of the SIGNAL channel should be about
3/4 to maximum, and the NOISE channel
should be approx imately the same. Rotate
the FINE adjust phase -sh ift
control to almost fully coun­
te rclockwt se. and the
COARSE phase-shift control
adjusted while monitoring the
noise floor. SW I may also be
switched for the correcr phase
input. The best results occur
when the phase and amplitude
of the noise of each channel is
the same. and then canceled
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Figure 5.

is off. Note the jumpers on the circuit board.
points AA and BB. The phase unit ci rcuit
board can be m ade from the pos iti ve in

Figure 3. Phase-shift control.
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Conclusion

Noise Reduction Using Broadband
Active Whip Antennas Co,l/iflMtdjrolllpogt4()

your system working properly, a complete null of
the signal should occur when the phase and ampli­
tude ofeach channel are equally balanced.

This phasing unit is pan of a system approach to
improved long-wave reception. The combination of
other benefi ts. as mentioned earlier. should be seri­
ously considered for the best possible reduction in
noise and enhancement of the desired signal.

iii

Curry Communications, 852 N, Lima St.,
Burbank CA 91505
Ken Cornell"s ~Radio Scrap Book"
Sixth edition, pg. 9.

BURHANS Electronics, 161Grosvenor sr..
Athens OH 45701

: J

can be so effective when dealing with. problems such
as noise. and help to open up opportunities
for radio communication in the low fre­
quency region. This system could probably
be used with loop antennas and perhaps
even more elaborate circuitry that would
provide unusual types of reception patterns
for further reducing noise and/or unwanted
signals.

Some parts sources for this and other
LF/VLF projects are:

LF Engineering, 17 Jeffry Road,
East Haven CT 06513

Figure 5.(a). PC boardfoil pauemfor ,!J~ phase uflit. (b). Parts placmera.

-Compacl and Easy tocarry
-coperareson 9V battery

included
-Adjustable Volume
- Durable Metal Case
-Variable Sidelone
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SASE for Info.
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