
Radio FUNdamentals BY BILL ORR, W6SAI

THINGS TO LEARN, PROJECTS TO BUILD, AND GEAR TO USE

A Lightweight 2-Element Yagi For 18 MHz

Fig . 1- Dimensions for half-elements of driven element and director.

Once the gradient is c alculated, ele
mentlengths and position are upgraded,
each in proportion to its sensitivity . The
upgrade yei lds a new design with incre
menta lly hig her performance. The opti
mizer program runs until furt her improve
ment is not possible when additional
small changes are made.

If the user decides that additional in
vestigation is worthwhile, he can modify
antenna dimensions manually and con
tinue automatic optimization.

In the case of the 2-element Vagi there
aren't many variables to play with. As far
as gain and FIB ratio go, dr iven-element
length is relatively un important. It is im
portant, however, in determining Imped
ance match ing to the teeonne.

This leaves director length and element
spacing as variables to investigate. By
experience, intuition, or data gleaned
from handbooks and magazine articles,
the approximate spacing and director
length can be determined to a rough de
g ree. Director spacing falls in the 0.07 to
0.12 wavelength range. The forward gain
target is 5 dBd. The FIB target is about 10
dB. The feedpoint impedance (before
matching) should be 10 ohms or more.

As optimization prog resses these cri
teria, and others, are continually upgrad
ed on the computer screen. With a keen
eye and experienc e the optimizer can be
guided in the correct direct ion to p roduce
the desired results.

Once the program has produced the
design, tapering information is avai lable
for the tubing diameters specified by the
programmer. This information is impor
tant, as overall element length is a func
tion of the taper. For a g iven element, the
greater the taper , the greater the element
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A = 72~ x 0.75~

B = 46~ x 0.625"
C = 24" x 0.5"
D = Director = 16.25" x 0.375"

Driven element = 18.75" x 0.375"
Spacing between elements center-to-center = 44"

gram of K6STI (Brian Beezley, 5071j2
Taylor St., Vista, CA 92084). This program
analyzes and optimizes a Yag i ar ray us
ing performance criteria that the user
spec ifies.

In this case my specifications called for
a short boom (not over 4 feet long), ele
ments tapered from 0.75 inch down to
0.375 inch, and the choice of either Gam
ma or Hairpin match. Elements are to be
mounted directly by U-bolts to small
plates attached to a 2 inch diameter
boom. Feed-point impedance is to be 50
ohms, unbalanced.

Optimization frequencies are 18.068,
18.115, and 18.168 MHz. The antenna is
designed in a "free space" environment.

The YO prog ram permits tradeoffs in
the areas of forward gain, FIB, and input
impedance. The traoeotts are expressed
in percent, and in this case to keep input
impedance and FIB values reasonable,
forward gain percentage of trade-off was
set at60%. Input impedance and FIB ratio
were set at 20% each . These choices
were intuitive. If the gain trade-off was too
high, both SWR bandwidth and input im
pedance would suffer. A nice point about
the YO program is that if the results are
not to your liking, the traoe-otts can be
modified quickly.

The YO program iterates the generic
design 482 times during the optimization
p rocess in this man ner: Eac h element
length and position is changed individu
ally by a small amount to calculate the sen
sitivity of the objective to each variable.
The objective is the combination of gain,
FIB, and impedance defined with the
trade-otts. The set of sensitivities is called
the gradient. The gradient points in the
direction that maximizes the objective.48 Campbell Lane. Menlo Park, CA 94025

The Yag i lends itself to accurate com
puter-aided design. The beam described
in th is section was taken from a set of
generic, untapered d imensions and
placed in the Yagi Optimizer (YO) pro-

The Design

I nmy las/column I discussed the virtues
and defic iencies of the z-eiement Yagi
beam. The virtues are thai it is small, light
weight, and exhibits very high gain for the
boom length. The deficiencies are that
thetront-to-back ratio ismediocre and the
feedpoint impedance can be quite low.
Moreover, the operational bandwidth de
fined by the allowable SWR and minimum
tront-to-back ratio is smal l compared 10
that of an optimized 3-element Yag i.

Having said that. I believe the virtues
greatly outweigh the deficienc ies of this
little array. Take an 18 MHz design, for
example. It can be built light enough to
be mounted easily above an existing tn
band array and is (relatively) unobtrusive
to the cold eye of a ne ighbor who eq uates
beam size directly with TVI or te lephone
interference'

The 18 MHz band is narrow (18 .068 to
18.168 MHz), only 100 kHz, so opera
tional bandwidth is not a p roblem, and
even though the feed point impedance is
low (of the order of 12 ohms), the 2-ele
ment Yagi can be matched properly with
either a Gamma match or a Hairpin
match. lthink a 2-element Yagi is an ideal
antenna for this band!

Average tront-to-back (FIB) ratio of the
little beam is about 10 dB. This is nothing
to get excited about, bu t the relatively
long skip on 18 MHz usually means that
when the antenna is aimed in the direc
tion of propagation, relatively little is com
ing in off the back of the beam. At least
that's the way it has worked for me on the
west coast!

During my morning hours, when the
band is open to Europe and Africa, the
Pacific area (off the back of the beam) is
closed. And during the afternoon when
the band is open to the Pac ific, most of
the sig nals to the east of me have faded
out. In my case , therefore, FIB ratio is no
big deal. If you have a similar propaga
tion situation, the 2-element Yagi may be
the right beam for you.

48 • ca • January 1994 Say You Saw It In ca
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A 4 foot length 01 2 inch diameter alu 
minum tub ing serves as the boom. Ele
ment spacing ,center to center, is 44 inch-

at the element center when the Hairpin
match is used. the overall physical length
01 the driven e lement is slightly longer
than in the case 01the Gamma matc h.
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Fig. 2- Polar p lot of two-element beam.
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length. The fma! computerized d imen
sions lor th is Yag l antenna are g iven in
fig . 1.

Note thatm the case of the driven ele
ment, if a Gamma match is used, the hatt
length dimension is from the center of the
element to the t ip. II a Hairpin match is
used , the halt-Ienqth dimension is from
the attachment of the teedpoint o f the
element to the t ip. Because a gap exists



12 Provides the most complete line-up of
OF Yagi-style antennas. Check the ones
you would like and give us a call!

y unagme the ultimate when you can have it?
STRIKE FORCE Multiband Antennas

MOD EL Band(. ) #EI, Boom SqFI FACTORY J
.5/IA 20,1 7, 15,12,10 15el, 34' 11.0 $895.00
.4/IA 17.15,12,1 0 12el, 24' 7.4 $675.00
«ox» 20,1 7, 15 9c1.24' 8.5 $649.00

• DXn-Pius 20,17,15 lOci, 33' 10.3 $795.00
• C-3 Sma 20,15,10 Full Size Elements . No Traps; In Field Testing

NOMAD Series Duo-band 10/12, 15/1 7, 12117 Mtrs
• NI012 10/12 7cl, 15' 3.34 $297.00
• NI012X 10/12 lOci, 24' 7.53 $495.00
• NI517 15/17 601. 16' 4.48 $425.00
• NI517X 15/17 7el, 20' 5.23 $498.00
• N1517XL 15/17 9c1, 36' 8.51 $685.00
• N1217 12117 7c1, 15' 4.93 $389.00
• N201715-1 20/17115 JcllDipole <2 $198.00
• N201510-1 20115/10 3cVDipoie <2 $175.00

• NWARC-l 30/17/12 3eIJDipoie <2 $249.00
ELITE FORCE Monoband Antennas

• EF-31O 10 3el, 12' 1.95 $135.00
• EF-41O 10 4cl.12' 2.19 $169.00
• EF-510 10 Sci, 18' 3.14 $245.00
• EF-624 10 sci, 24' 4.10 $329.00
• EF-315 15 Jet 12' 2.40 $168.00
• EF-315X 15 3c1. 16' 3.25 $194.00
• EF-415 15 4cl.20' 4.15 $278.00
• EF-317 17 3cl, 12' 2.82 $195.00
• EF-417 17 4cl.24' 4.22 $298.00
• EF-320 20 3cl. 18' 4.21 $298.00
• EF-420 20 4el, 30' 5.95 $397.00
• EF-120L 20 (C. t.c. Dipole 23') < 1.0 s 98.00
• EF-IJO 30 (e.LC. Dipole 33 ') <1.2 $149.00
• EF-230 30 2cl tc.i.c.). 18' 3.22 $345.00
• EF-140 40 (C.Le. Dipole 44') 1.73 $198.00
• EF-240 40 2c1 (C.I.C.), 16' 4.19 $449.00
• EF-240X 40 2e1 (e.LC.), 24' 4.45 $495.00
• EF-J40 40 3cl (C.I.C.), 3D' 7.53 $795.00
• £F-1405 40 (Shorter c.t .c. Dipole 33') $149.00
• EF-2.aOS 40 2cl (C I.c. 33' et), 16' In Field Testing
• EF-180A 80n5 (C.Le. Dipole 58') 2.75 $389.00
• EF-280A 80175 2el rc.r.c.i 33' <9.5 In Field Testing

MAGNUM FORCE Monoband Antennas
• J08 MAGNUM 810 10 Mlr 8c1,30' 5.35 $485.00
·357 MAGNUM 615 15 Mlr 6el, 35' 7" 5.46 $598.00
·44 MAGNUM 715 15 Mtr 7el. 44' 8.85 S875.00
·357 MAGN UM 617 17 Mtr 601,35' 7" 6.30 $625.00
·357 MAGNUM 520 20 Mtr Sel, 35' 7" 8.10 S649.00
• 44 MAGNUM 620 20 Mlr 601, 44' 9.10 $889.00

There's much, much more to the FORCE 12 story. Call us for a full
information brochure at (408) 988-2766 or (800) 248-1985, or
FAX at (408) 988-2767. Custom and interlaced are also available.
Contact t om Schiller, N6BT. Tom's got a beam with your name on it.

FORCE 12, pan of BUY U.S.A., Inc.
3350 Scott Blvd, Bldg 6102, Santa Clara, CA 95054
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es. The center section of each element is
12 feet (144 inches) long and 0.75 Inch
diameter. The next sections are 4 feet (48
inches) long, telescoped 2 inches into the
center section ends. The short, middle
sections are 26 inches long of 0.5 inch
d iameter tubing, telescoped 2 inches
into the larger section. The tip sections
are 0 .375 inch d iameter tubing and their
length is set according to fig. 1,

The outer end of each section is slot
ted so that the inner te lescoping section
can be firmly grasped by means of a
stainless-steel hose clamp p laced over
the joint. All joints are coaled with anti-oxi
dizing compound I 'Penetrox." for exam
ple) before assembly.

Elements are affixed to a small metal
plate held to the boom with If-bolts. The
director is held to the plate by two small 
er U- bolts. The driven element. with Gam
ma match. can be bolted to a mounting
plate in similar fash ion. If a Hairp in match
is used, the driven element must be insu
lated from the boom. Methods of doing
this are described in the Beam Antenna
Handbook (available from Radio Book
store . Box 209, Rindge, NH 03461; 603
899-6957).

The usual anti-rust precautions should
be observed. All hardware should be
stainless steel. or In the case of nuts,
bolts, and u-tons. plated. Alter assem
bly it is a good idea to give each joint and
connection a shot of rust-preventive paint
from a spray can.

Operating Characteristics
Of The Antenna

The azimuth, free-space field plot of the
antenna is shown in fig . 2, Beam width of
the forward lobe (defined by the 3 dB
down points) is about 70 degrees. The
FIB ratio at the design frequency is about
12 dB. Forward gain is 4.98 dBd.

A summary of the operat ing character
istics are shown in fig. 3 . The upper-left
graph shows the antenna gain varies
around 5 dBd, being highest at the high
frequency end of the band.

The upper-r ight graph illustrates the
SWR, which is a minimum at 18.1 2 MHz,
rising to about 1.4 at the band edges. I
must point out that I was not able to
achieve this pristine curve, due no doubt
10 the fact the antenna had objects in the
immediate vicinity (the house, ground,
control cables, nearby TV antenna, etc.).
However, I measured an SWR of 1.2close
to 18 .11 5 MHz, with SWR less than 1.6 at
band edges. I used a Hairp in match and
eventually lengthened the driven element
1 inch on each side to drop the antenna
"in the slot. " Adjustment was made when
the telescop ing tower was retracted to the
20 foot level. I noted the SWR changed
slightly when the antenna was run up 10
its normal 45 foot elevation.

Saw You Saw " In r.n
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2050 South Bundy Drive
Los Angeles. CA 90025
Phone (800) 877- 7979

or (310) 820-1234
FAX 310-826-n90

eX-GOON
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$ 54.SO
BP·81huI_ $ 63.00
fB.1JS II'1iWOOO _ $49.75
FJIP·~ AUlIOlUOllolo $ 62.00

Now Only '40FJrlJ
• One Year Warranty
• Matched cell construction
• case re-build service
• long life, extended operating time
• Made for HA.\IS, by HA.\fS

Add 1-1.00 Shi~ k HarxfIing fa fiN~.

n.m bcaduMIIBttny · u.s.~·
Cmrxdicut lesidell ~ U:l 6% tax.

*Proven-Reliablity
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the only thing iow about our charge ~ the cost...

1-800-6348132
I

-Coextet relay reliability
has always been a problem.
About five years ago, we
switched to TohTsu Coaxial
Relays in our high-power
amplifiers. Since that time
we have not experienced a
single relay failure.~

"Tohfsu offers traditional
Japanese quality and workman -
ship. The contact designs are
exceptional. making a rel ay that
has proven itself both electrically and
mechanically reliable.~

"Henry Radio will now dist ribute a
full line of TohTsu Coaxial Relays.
Most common configurations and con
nectors are avai lable AT VERY
REASONABLE PRICES. Please call
or write today for com plete informa
tion, prices a nd specifica tions.~

- Ted S. Henry

BIlY)VIun,ulI
(iDm Ii~ "" ,,(octJlll'f.

Buy Ii~ IntI£IyI'u
(iDm PeriplIeX-"I"" tutteriel

I11F auail)'busiJk'SS!

Bigger and Better
Yagi Antennas

The lower-lett graph illustrates the FIB
ratio of the antenna. Note that FIB de
creases rapidly, while power gain in
creases very slowly as the operating fre
quency is ra ised. That is characteristic of
this type of simple Vagi. At the low end of
the band the FIB ratio is quite good, ap
croactuna 15 dB.

The lower-right graph shows the feed
point impedance of the antenna. It runs
from about 12.5 ohms to 10.5 ohms,
which is within the limits of both the Gam
ma and Hairpin match systems.

Antenna Matching

So there you are. The antenna is ideal for
stacking above a 20 meter beam. for
example. I did not derive any stacking in
format ion, but I wou ld suggest a stack ing
d istance of at least 6 feet for minimum in
teraction with a b igger array.

While the builder can hit the design tre
quency and minimum SWR values quite
well , a purist may wish to adjust the match
to provide unity SWR at the design fre
quency. To do this , it is necessary to be
able to reach the matching system from
a safe perch atop the tower . The short
boom makes this job easy. As with any
antenna work, a safety belt is mandatory!

WIth regard to the Hairpin match, the
length of the driven element is more crit
ical than is Hairpin length. Enough over
lap should be left at the first antenna joints
so that the driven element can be length
ened or shortened 3 or 4 inches.

My preliminary Hairpin match was
made from two lengths of #10 copper
wire, p lus ajumper made of back-to-beck
alligator clips. The length of the Hairpin
and that of the driven element can be var
ied by the experimenter, noting the SWR
on the coax hne for each ad justment. A
notebook to log the d imensions and an
assistant to turn on and off the transmit
ter are most helpful.

The length of the matching rod and the
value of the Gamma capacitor are the
variables in the Gamma match. Informa
tion on building and adjusting both
matching systems are given in the Beam
Antenna Handbook.

It is interesting 10 plot antenna gain ver
sus the number of Vagi elements, as I
have done in fig. 4 . I've taken these points
from var ious antenna designs whose gain
measurements have been verified on
computer programs or in the field. The
graph shows two d ifferent antenna types.
The higher cu rve shows power gain for
various numbers of elements, where
boom length is ad justed for maximum
gai n. Element spacing is one variable in
the search for antenna gain, and the ele-

CIRCLE 52 ON READER SERVICE CARO
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Join the FUN on the

SATELLITES
YES! Anyone with a Technician Class

license or higher can work
the

via the

OSCARs
Learn how: Join AMSAT today!
For a limited time, new members receive:
ORBITs · Tracking software for IBM compatible computers by WDSL
How to Use the Amateur Satejtites v A great book by KB1SF

write or call

AMSAT
PO Box 27 Washington, DC 20044

301-589-6062

ments in these Yagi designs have been
carefully spaced and d imensioned for
maximum gain consistent with good FIB
ratio. This approach results in a long
boom, with plenty of spacing between the
elements. This heroic design is practical
on 50 MHz arrays and lor VHF arrays for
144 MHz and up where beam size is mod
erate.

The lower curve illustrates practical HF
designs where boom length is limited to
more practical lengths. These are rea
sonable gain figures for antennas for the
14- 30 MHz reg ion. II is very difficult to
achieve more than 8 dBd gain with a Yagi
on the HF bands unless you can support
and turn a large, heavy, expensive array
that has plenty of wind resistance.

Where do you place you r ultimate
dream-beam on these curves? The die
hard Dxer will look at the right-hand por
tion of the graph. Mere mortals such as
you and I may have to put up with small
er arrays that fall at the left-hand portion
of the graph!

And , as you can see, to double the gain
of a 2-element Yag i (goi ng from 5 dB to
10 dB) means you'll be putting a lot of alu
minum up in the air!

As one prominent DXer put it, "A loud
signal requires dBs in the air as wel l as
dBs on the desk!"

CIRCLE 12 ON READER SERVICE CARD
I Get Letters . . .

I really appreciate hearing from readers
of this column. I'm only sorry that I can't
reply ind ividually to each letter. I've got
len communications from the following,
for which I thank each and everyone:
KH6GI, KD3DR, WBYFB, WA3EOQ.
WU2J, PA0SE, NA2M, VE4AE, W05H,
and KG7BK.

With regard to the Z-match tuner,
WA3EOO, VE7BS, and W0"EDS point out
that the old Harvey-wens "Bandmaster"
tuner operated on the same general prin
ciple. KC1DI and W0"EDS both report
good results using the little tuner.

Dave, W0 5H, alerts me to his monthly
newsletter "Pac ket Power" written for
packet buffs. He sent me a sample copy
and it really looks first-class. Sample
issues usually go for a buck, but Dave
says he'll send a free sample 10 readers
of this column who send him an SASE and
mention this offer. Write to Dave Wolf, Box
189, Burleson, TX 76097-0189 (FAX 817
295-6232),

And I have two more interesting letters
from experimenters who have buill the Z
match tuner described in past columns ,
Dale, W4DM, reports his model tunes
down to 3.322 for MARS operation. He
has used the tuner on all bands (80-10
meters) with a 170 foot horizontal loop
with 65 feet of balanced line, a 4BTV trap
verical with radials, an 80 meter dipole,

USA

FET Mullimeler AN/USM-223·Minl Cond rtion. Battenes. New
Leads , Ins! Sheet and SC hematics _..$39.95 . Postage

Wealso haveava riety 01surphrs
electronic equ ipment and related parts.
Send an SASE lor 011' la/est catalog to:

Lee Frank
P.O. Box 6001" Harrisburg, PA 17106-001 1

Handheld 2-mtr1220 MHz phase
sense direct ion finder. Used with
any FM xcvr. Oil compass. Type

VF'1 42, $139.95, $3,50 S&H . Call/wr ite for
tnto . CA add tax.

RADIO ENGINEERS, 3941 MT. BRUNDAGE
SAN DIEGO, CA 92111 619·565<1319

BENEFITS FOR YOU
aST, aSL Bureau Awards, Low Cost Insurance Operating Aids,

Government Liaison and More-Much More!

MEMBERSHIP APPLICATION

Name _==============================::~c~a~II~===Street _
City Prov./State PC/ZIP
$30 In u.s. $42 elsewhere (U.S. funds) Persons age 65 or over, upon submi tti ng prool
of age, may request the spec ial dues rate of $24 In the U.S., S36 elsewhere in U.S.
funds. LIce nsed amateurs age 17 and younger may qualify for special rate, write for
application. Fo r postal purposes, fIIty percent of dues is all ocated to CST, the
balance for membership.
VISA, MC, AMEX , Discover # _

Signature _ _ ---=:--:----,-_-::--::--::-:--:-_ Expires _
The American Radio Relay League

225 Main St. Newington, CT. 06111

------------------------------------ ------

CIRCLE 13 ON READER SERVICE CARO



76• 5
Number of elements

__~ - - - Practical HF designs
- (boom-limited)

50 MHz narrow-band designs

3

1994 I '

CALLBOOKS 12

10-"0
OJ B"0-c
·ffi 6o

•
2

0
2

THE QSL BOOK! Fig. 4- My best estimate of Yagi gain for a given number of elements,

Continuing over a 70 year tradition, we
bring you two new canbooks for 1994 with
more features than ever before.

The 1994 North American Calfbook
lists tilecalls, names, and addresses for
more Ihan 500,000 licensed amateurs in all
countries of North America , from Panama
through Canada, includ ing Greenland ,
Bermuda. and the Caribbean Islands, plus
Hawaii and the U.S. possessi ons. 1,592
pages. Item # 087158 (paper) $29.95

The 19941nlernalionaf eallbook
lists more than 500,000 licensed amateurs
in countries outside North America. Its
coverage includes South America, Europe,
Africa, Asia, and the Pacific afea (exclusive
of Hawaii and the U.S. possessions). 1,720
pages . Item # 087190 (paper) $29.95

Every active amateur needs the Gal/book!
Ful/y updated and loaded with extra fea
tures, the 1994 Gal/books will be published
in December 1993. Order now from your
dealer or send in the coupon below.-------------------------------Please send me copy(ies) of
Ths 1994 North American eal/book
(Item # 087158, $29.95) and :;;:::;:;.
copy(ies) of Ths 19941nternatfonaf eal/book
(Item # 087190, $29.95).

I have enclosed my check/money orde r for
$ . (Please add sales tax in CA, DC, ll. ,
MA, NJ, NY, DH, PA, TN, VA & Canada, and
$3.00 per book for postage and handling for
U.S. shipments and $7.00 for all shipments
outside the U,S,)

Or call and charge on your credit card.
MasterCard, VISA and American Express cards
accepted. Please be sure to include shipping
instructions. Prepayment required and must
be in U.S. funds,

ORAT1093

RADIO AMATEUR Ca lib o o k
Po. Box 2013 Lakewood, NJ 08701

1-0c6-9lS-2961 (RuJe) 1-0C8-263-rn38 (Fax)

and a 120 foot long wire. He says it works
just g reat! And he also mentions he's
seen a commercial version of the tuner
made by the Wanzer Co. in Seattle, Wash
ington (address unknown).

Bryan, G3MND, made a version of the
Z-match and foun d it worked on all bands
on a double extended 40 meter Zepp (a
190 foot center-fed affair) and an 80 meter
loop of 280 feet circumference. Good re
ports keep coming in on this little match
ing device. Try it yourself!

A New SWLJAmateur
Listening Guidebook

Harry Helms, AA6FW, has brought ou t his
second ed ition of the Shortwave Listening
Guidebook. This 321 -page book has
been updated to cover the revolutionary
changes in international broadcasting
since the break up of the Soviet Union.
Gone is the monolithic Radio Moscow
which collapsed after the failed 1991
coup. To raise money Rad io Moscow be
gan renting out its transmitting facilities.
Adventist World Radio , the BBC, and
even the Voice of America (I) are be ing
relayed over the same transmitters that
only a few years before had been used
by Radio Moscow to denounce the "lies"
of such broadcasters!

Other spl inter g roups of the old Rad io
Moscow are on the air: Radio Ukraine In
ternational, Rad io Estonia , Radio Yere
van , and others have taken over the facil
ities in their areas.

Harry also notes the break up in Yu
goslavia and Czechoslovakia and how
these c hanges have altered shortwave

broadcasts from these countries And
Poumanta's Radio Bucharest has apolo
gized to listeners for giving misleading
news and information in the past!

The polit ical changes have made great
changes in the airwaves, and a good way
of bringing yourself up to date is to read
this book.

In addition to the world update, the
book also cove rs othe r types of short
wave broadcasts including clandestine
and pi rate stations. And there's plenty of
information on receivi ng antennas, short
wave receivers , and rece iving acces
sories. Shortwave propagation is also
covered in detail.

This is a great book for a friend of yours
wanting to b reak into shortwave listen ing,
And many amateurs are also SWLs and
enjoy tuning outside the amateur bands .
Either way, I recommend this book high
ly. I really enjoyed reading it! The Short
wave Listening Guidebook is available
from book stores and dealers speciauz
ing in shortwave radio eq uipment. It is
also availab le from HighText Publica
tions, Box 1489, Solana Beach,CA92075
for $19 ,95 p lus $3 shipping, or by calling
1-800-888-4741.

The Dead Band Quiz

I'm still getting answers to the little prob
lem of the three light bulbs. Readers who
have solved this quiz inc lude : N0XFK,
KB7SFA. W3ZNB/DA100. SV1CDN
(cong ratulations Dionisis on your new
amateur ticke!! ), and Scott Muma (call
unknown) ,

73, Bil l, W6SAI
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