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I~ .I 33' I.S·· 31' ~.S- S' S.6"
I~ .2 32 ' 10.9" 3 I' 2.1" S' 7.9-
I~ . 2 S 32' 9.6" 3 1' O.S" S' 7.3"
14.) 32 ' 8.3" )0' 11.6" S' 7.2"
1~.3S 32 ' 6 .S" )0' 10.) " S' 6.S··
I~A 32' 5.5"' )0' 9.0- S' 6.5"
21.2 '" 0.75"' 21' 1.0" 5" 8.75---
21.3 21' I U" 21 ' 0.0" 5" 9.5"
21.4 2 1' 11.0" 20' I 1.25" 5' 9.0"

•

•
Fig . I - Co nfig ura tion for the imp roved ZL special. Hote
tha t the ph a sing line has o ne twist o nly fo r p hose
reversal. Ielcen 150 o hm cable WOI used for the phosing
line- o nd it hOI 0 nlocity rotio of 0.79. The d ime-nl ions
fo r yoriO U$ fr eq ue-ncie s are- shown in the chart below.

c

The Cure

It is possible to o vercome th is difficulty in the
fo llowing wa y. T he two eleme nts can be made
of aluminum or duraluminum tubing as in an y
ordinary plumber's delight beam. The sp lit por
tion or feed points hang vertically undernea th
the solid port io n which can be mou nted solid ly
o n the boo m in plumber's de ligh t fashio n.

T he delay line is then connected between the
two elements as shown in fig. I. As ex plained
above. the delay line will now be too long elec
trically if the array is fed at o ne end. However.
a feed po int can be chosen so that the d istance

gain o f 7 db and . in my expe r ience. is a very
much be tte r beam th an a ny oth er two-element
type and a pproaches the performance of a th ree
clement beam.

· 5 Ferncrcn Avenue, London N.\V, J, England.

T
U E ZL Special has been in existence for
a lo ng time but it has never been very
widel y used . Th is is probably d ue 10 cer

lain difficult ies whic h arise in its prac tica l con
struction. In effect the Zl. Special is a two ele
ment beam in which the elemen ts arc fed 1:'5 "
out of phase. This is achieved by placing the two
clements ',), o f a wave length a part and feeding
them th rough a del ay line of \ill of a wave
length which has 180 ' twist in it. T his feeds them
180" out of phase minus the 45° delay imposed
by the delay line.
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A New Approach To The ZL
Special

The mechanical problems that faced the builder of a ZL Special
frequently stopped the project cold. G3BtD's approach elimi
nates the problems and permits this unusual antenna to be

built " plumbers delight" style,

BY E. M. WAGNER". G3BID

The Problem

Certa in practica l difficulties arise. T he spac ing
of the elements being ~li of a wave length they
would have to be connected to gether by a delay
line wi th a veloci ty ra tio of unity. As no such
cable exists, the delay line-an elec trica l V8 of
a wave length long- is physically shorter th an
the VH of a wave length in free space which
separates the two elements and, therefore. it
doesn' t reach .

Various compromises have been used. The
sim plest a nd least effect ive is to use a delay line
which is sligh tly too long in o rder that it shou ld
reach between the two elements. This normall y
docs not give the correct phase re lationship.

T he other method used is to make the ele
ments fo lded dipo les and increase the spacing
between the two cond uc to rs o f each folded d ipo le
so that if they a re placed in the horizonta l plane
with the split portions nearest each other, the
distance between these two feed points is ap
preciably less th an VH of a wave length. T hus
the feed line o f the correc t electrical length will
reach. T he spac ing between the two conductors
of each element is arranged so that the center
lint' is still Ih of a wave length apart in free
space.

This means th at the beam must be constructed
of wires suppo rted o n insulators o n a wooden
fra mework. T h is causes the ZL Spec ial to be a
clumsy device compared to o ther rotary beams
and may well account for its lack of popularit y
in the past, particu larly as its performance, elec
tricall y. is extreme ly sa tisfactory. II provides a



BY DON ROW L AND' , K5D VI

A Transistorized D.C. Voltmeter
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Fifteen voltage ranges are shown, but a ny
number less than that may be used merel y by
el iminating the multi plier resistors for the un
wa nted ra nges and se lecting a switch with fewer
posit ions.

The test lead fo r J. is made fro m thi n coax o r
shielded wire.

T o ca librate the instrument, zero the meter.
set the range swi tch to the l-volt position. Appl y
an accurately known source of 1 volt and se t the
CAI.I HRH E pot for full -scale deflection .

T he en tire uni t can be built into a standard
me ter case if desi red . Layou t is not cri tical. •

.- .-- u · - u ·• c S • c S- -- .-" - .-".. - 0 .- .. - 0 0 -- -" ", "' .., = -" ", "' ..,-- •• c- - • • c -o oS . 0 0 • S • 0
:E "' - "' ~ :E "' - "' ~
R. .10 0-1 R. , 0-'0
R. ." ()'2.~ R" 10 0-'00
R. .W 0-, R.. " ()'2~O

R, .so 0-, R" ' 0 0-300
R" ." 0-" R" '0 o-sro
R. 1.0 fl.1O R.. " 0-7~O

R, i.s fl.! , R.. 1110 0-1000
R. '-' 0-2~

where k is the velocity factor of the line used .
from the above. the following formu la is derived .

C "
E= T( I-k)

As a n example we migh t wish to o pera te at 14.1
me usin g Telcon K24 150 o hm line. From the
da ta in fi g. I, k = 0.79 a nd C = 8' 8.6" . Convert
C to inches, plug into the formula and we have :

£ = 10;6" (I _ 0.79)

E = 52.3" (0.21)
E = II"

(Continued on page 86]
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Circuil Descriplion

T he circuit uti lizes a n inexpe nsive d .c. millia
meter connected to a direct co upled d .c. ampli
fier consisting of two Ra ytheo n p.n.p. tra nsisto rs.
This provides a fu ll scale sensitivity of 10 micro
am peres.

T he inpu t resistance o f the device is 100.000
o hms per vo lt a nd compares fa vorabl y with o r
exceeds that of commercia l units.

• Chief Engineer, KSI G , Crow ley. Louisiana,

Fig . l - Circuit of a ,i mple tran , ilforized
d .c. vo ltme ter.

from the feed point to one element mI1lU.{ the
d ista nce from the feed point to the other ele
ment is Ih of a wa-..e length multi plied by the
velocity facto r.

Thus in fig. I where distance C is VH of a wave
le ngth in free space. distance [) ( from the feed
po int to the rear element) minus distance E. the
dista nce from the feed poi nt to the forward el e
ment . equa ls HI of a wave le ngth multip lied by
the velocity facto r of the cable concerned.
II may be shown mathematicall y as:

D + E =C
D - E = C x k

H
ER E is a short. simple construction article
written for the solid-state enthusiast a nd
for the many amateurs who ha ve fo und

a need for a n ult ra-small po rtable elect ronic
d.c. voltmeter wh ich combines accu racy with
low cost.

The un it described is a transistor ized version
of the v.t.v .m.. but without the disadva ntages of
thai instrument . T his one requires no warm-up
time and is independent of the a.c. line .

T he only critical parts are the multip lier re
sisters. where only precision units should be
used. Ho we ver, since these are read ily avai lable
in I % to lerances. a t sma ll cost, they should
present no d ifficulty.
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Space Urom page 84)

the interplaneta ry space between the planets a nd
the earth. as man ta kes giant steps forward in
unlocking the secrets of the Universe .

While it was not technicall y possible fo r radio
amateurs to receive MARI N ER's signa l from
deep space . the circuitry de veloped to accomplish
the record-breaking DX transmissions will even
tua lly fi nd their wa y into the design of amateur
equipment . The equipment design which made
it possib le to hear the ~I ARIN ER II spacecraft
from 37 million miles in space may someday
make it possible for rad io amateurs to establi ..h
new v.h .I. and u.h.f. DX reco rds o n the surface
of the earth. and in space by mea ns of moon
bounce a nd communicat ion sa tell ites.

73. George. W3ASK

Field Stren~th Meter Urmu P"t:l' 8/)

of 10 a t opposi te ends of a frequency ba nd .
This poin ts up again that response of the

simple f. s. meter is not the same at all freq uen
cies within the o pe ra ting ra nge. But this vagary
is au to ma tica lly co rrected if a sepa rate calibra 
tio n is made a t each o pera t ing frequency. as
prev iously advised .

Summary

So much. then. for the reasons \\0 h y the simple
field strength meter o ften shows such aggravating
eccentricit ies. Wha t corrective measures can be
ta ken? Here they are:

I. Use the exact components specified by the
designer.

2. Calib ra te the f. s. meter at as ma ny po ints
o n the microammeter sca le as possible. using a n
r.f. signa l genera tor having direct-reading micro
volts output. Make th is basic ca li bra tion at the
lowest frequency to wh ich the f. s. meter may" be
tuned . On the basis o f this calibration. prefera bly
draw a specia l volts scale fo r the meter; o r if th is
cannot be done. prepare a calibra tion curve o r
cha rt.

3. Repeat the calib ratio n procedure at each
freque ncy a t which the f. s. me ter is to be used.
And o n the bas., of these ca librations. either (a)
prepa re a separate calibratio n curve or chart for
each frequency or (b) work out correction fac
to rs for the various freque ncies ( fo r exa mple .
your correction figure might show that you must
mul tiply the basic calibration b)' 0.5 at 50 me.
0 .2 at 100 me. etc.} .

Carefu lly attend to these ma tters a nd you will
have a useful. dependable instrume nt instead of
a to y.

Finally. someth ing shou ld be said about max i
mum sens itivi ty of the instrument. The very best
diode-type f. s. meter will not respond to signals
weaker than abou t Ih millivolt r.rn.s. 1 he ger
manium diode just does not rectify a t lower a.c.
voltages: this, unfortu na tely. is the nat ure of the
beast. a nd litt le is to be gained by inserting a
tremendous d .c. am plifier between the d iode and
m icrcammeter. •
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ZL Specia l l/ru", page ., .... J

Since C eq uals 10·t6" and £ equals II" , D
equals the difference. 93 .6".

In this way a perfectly normal alumi num tu be
struc tu re can he buil t. like an y othe r beam. wi th
the de lay line stretched fro m one element to the
o ther. and yet th e two elements a re fed wi th
the correct phase relationship.

Figure I gives the dimensions a nd the spacing
of the elements fo r various frequencies in the
15 a nd 20 meter ba nd . The length of time that I
have been using th is beam will be obvious from
the fac t that I have made the calcu la tions to
include 14.4 me. clea rly indicating that I con
structed th is beam before we lost th e to r 50 kc
of the 20 meter band.

Imped a nce Matching

Lastly there is the question of impedance
matching. In most descriptions which I have
see n the delay line is made of 300 ohm cable.
I do not think th is is necessa rily the best solu
tion. Altho ugh a folded di pole has an im pedance
of 300 o hms, when two folded d ipoles are placed
within a n Jill o f a wave length of o ne a no the r.
the impedance fa ll s cons iderably and is probably
in the neig hborhood of 180 ohms. Thus the 150
ohm cable which I used as the delay line is a
fairly good match.

T he feed line from the tra nsmitte r "looks
in to" two 150 ohm lines in paralle l (one line
to each element) . T hus a 75 o hm feed line is the
perfect match for the feed poi nt into the 150
ohm delay line which in itself is a prett y good
ma tch fo r th e two folded dipo les whose im
pedance has been appreciably reduced by their
mutual coupling. 1 his beam, therefore. needs
very little adjustment a nd has a low s.w.r.
C learly. as the beam is a bala nced array. it is
better to feed it with balanced twin-lead using
a balun a t the transmitter end. •

VHF Transistors [from page 451

db at 200 mc whic h will compete o n eq ua l foo t
ing with the Nu vistor. The price is st ill a ba rga in
at some $30.00. however.

The new Texas Instruments Dal mesa ser ies
is a popular transistor. Some of these devices.
with a several hundred megacycle alpha cutoff
frequency. sell for less tha n 50 cents in manu
facturing quantities.

Silicon is a tough nut to crack because of the
h igh processing cost. However most companies.
such as Ho ffma n. Rheern . Pacific Semiconduc
to rs. Rad io Corpora tion of America. etc.. have a
gradeou t line of si licon tra nsistors wh ich ma y
be purchased fo r less than $5.00.

One silicon transistor (no t a gradeout } which
did not make the list. due to its price tag of $5.60.
should also be mentioned. The 2N706 is capable
of producing se-veral hundred milliwatts power
o utpu t o n two meters. The price given was for the
Texas Instruments 2N706 and should be typical
of o ther man ufact ure rs. •


