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The RASER
A novel wire antenna system.

by James E. Taylor W20 ZH
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OCR; Divided Coherent Rad iat o r

Figure I. Divided coherent radiator

Figure 2. 20-sectioll RASER antenna [end-fed].

Figure 3. 20-secttoll RASER alltell llO(center-fed).
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The length of a high-gain antenna for the
75 mei er band is often lim ited by the

available space. For example. my lot mea ­
sures somewhat over 200 feel in rne non h­
south d irect ion and I would like to improve
signal strength (gain) in the cast-west direc­
l ion . Conventional wisdom would d ictate
tha t I 'm stuc k w ith a h a lf-wave d ipo le
(length - 120 rccu because there isn ' t sum­
cient space available for a collinear two half­
waves in phase (-240 feet ). I would like 10

add length in the center of the dipole (where
the radiation is greatest! in increments much
less than 120 feel and still have the currents
remain in-phase so as to increase the gain in
the cast-west di rect ion.

Design details will be shown for two such
enhanced dipoles. Both are fed with coaxial
cable wuhout the need for a separate tuner.
One is end-fed and irs devel opment is de­
scribed in some detail. The other is cemer­
fed and it is covered al the end of this anicle.
In each of the anten nas the power gain rela­
ti ve to a di po le is a fac to r of two . wi th a
length o f less than 210 feel.

T he F ranklin/e el) Antenna C oncept

Those who are fami liar with the history of
radio may know o f the Franklin antenna,
named after its inventor, This concept in ­
volves Ihe modification o f current di stribu­
tion in the elernerus of an antenna by the in­
troduction of series capaci tors. Genera l de­
scriptions of early applications of the con­
cept may be fo und in H. Jasick's Antenl/a
Ellgil1eerillg Handbook, First Ed ition, pp. 4­
35 and 4-36, ~1cGraw-Hill publ isher: or F.
Terman's Radio Engineers' Handbook, First
Ed ition , pp. 773 and 774, McGraw-Hill .
Harry ~.1iI l s W4 FD and others have adapted
the concept 10 the ham bands in the form of
re son an t d ipo le s o r loops fed with hi g h
impeda nce line. Mi ll s developed a resonant
radiat ing system which. for 80 meters , was
made up of 48 sel f-resonant sections, each
70 inches long- a to tal length of 280 feel .
See H. ~liI ls & G. Brizendine. " Antenna De­
sign: Something New!," 73 Maga=ille. Oct.
1978. pp. 282-289. Kaplan & Bauer devel­
oped calculatio ns for "stretched" resonant
radiators made up of m ultiple tu ned sections
where the series tuning capacitance is hal f
thai needed to resonate the wire in each sec­
lion, the other ha lf be ing used 10 resonate the
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Figure 7. Capacitor assemblies III the OCR.

Figure 8. Capacitor/connector at the termi­
nator end of the OCR.

scaling its length, broadband characteristics,
and better operation close to the earth.

Coupling to the R ASER

The addition of the OCR to the RFD- I an­
ten na inc reases the input impedance from
the 50 ohm resistive value. This is because
of the added radiatio n resistance and also
because of any residual mutual reactance in­
troduced. Several approaches were cons id­
ered but the simplest and most satisfactory
involved the use of a powdered iron toro idal
autotransformer with a se lected, fixed, series
ca paci tor at its inpu t, as sho wn in Figure 5.
The bifilar transformer serves , primarily, to
match the impedance to that of the line; the
capacitor tunes o ut residual series indue­
ranee. This simple. compact coupler circuit,
housed in a convenient plastic housing, (see
the Parts List) enables a precise 1;1 SWR.

Referri ng 10 the Parts List, the recom­
mended feedline is RG -8/M (M inifoam)
having a tot al length of 143': (- 59' Injec tor +
- 22' T-Choke + - 62' ').J4 Lead-in). The mini ­
foam is chosen for its light weight and the
62' (-A/4) lead-in pro vides a measure of
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Figure 5. Coupler unit schematic [end-fed],
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Figure 4. Resonant [eedline dipole for 3.954
MH=

Figure 6. Coupler WI lt lo\drlllK diagram (end.
fed)

antenna syste m (shown in QST, Augu st
1991, pp. 24-27, ref. above). Here I have la­
beled the input branch of the dipole radiator
the " Injector" and the output branch the
"Tcnn inator." To devclop this antenna, I first
resonated the RFD· I in the nonnal fash ion,
then introduced as many OCR sections as
desired between the injector and the tenni­
nator. Since the RFD- I is a resonant dipole
antenna it continues to function as such even
after the essentially non-reactive OCR sec­
tions are inserted, but with increased aper­
ture and gain. [Ed. Note: Due to the sinu­
soidal distribution o[ current in the dipole,
the principal radiation wilt he [rom Ilear its
center. For example. the distance between
the 6 dB power points [current //2 the mati­
mum m lueJ will IN )J3 fo r 75 meters. about
80 f eet. This is a measure of the aperture
0 1't!T which the radiated wavefront is ap­
proximately plane. Thus . if we can add Q

OCR e!fectil'e1y equal to this length we will
have doubled the aperture of the amenna.]
Residual mutual induct ive and capacitive ef­
fect s within the radiating system are com­
pensated for by shortening both the DCR
sections and the terminator. Simple coupler
units (see Figures 5 & 10) assures accurate
impedance matching at the desired resonant
frequency.

Determination or DCR Design Parameters

The optim um lengths of the tuned sec­
tions of the OCR were determined by first
ca lculating the inductance of a ').J50 length,
then calculating the capacitance required for
resonance (s ee F. Terman's, Radio Engi­
neer's Handbook . First Edition , p. 48ff.).
These simple calculations do not take into
account mutual inductance and capacitance
among the adjacent sections of the DCR.
These effects were conveniently compensat­
ed for experimentally. The resulting parame­
ters are shown in Table I . Values for other
freq uencies can be scaled from these values.

These values are of ley importance in the
scaling of future RASER antennas for other
frequencies. During the development of the
design , I used , successively, OCRs having
segments of several d ifferent numbers of
sections which were mechan ically separable
by coax ial connectors. This was to derive
and confirm the parameters of co upling and
the optimum lengths of the sections and of
the terminator as described above. However.
now that the parameters have been deter­
mined, these tests need not be repeated in
the future. I decided o n a 2O-scction RASER
because my lot is only about 220 fee t from
front to back. However, you can use more or
fewe r sections, depending on site dimen ­
sions-conly the terminator di men sions and
the coupler consta nts need be appropriately
readjusted (see Table I) to compensate. AI·
ternatively, the RA SER can be bent around
the site, but with a less predictable pattern.
Nevertheless, the incrca...ed aperture will still
be beneficial. as will the other advantages
ci ted by Kap lan and Bauer, including : im­
proved d irect ivity, red uced end effects and
attenda nt losse s, improved fl e xib ility of

The R ASER Con figu rations­
End-Fed and Center-Fed

This antenna is ca lled a RASER because
of its broad functional co mmonality with the
LASER-both utilize multiple coherent ra­
diating elements to achieve gain. Two RAS­
E R configura tions were devel oped in re­
sponse to needs generated by different site
restrictions. The firs t, fo r end-feed, is de­
rived from the RFD design ("RFD-I and
RFD-2: Resonant Feed-line Dipoles," by J.
Taylor, QST. August 1991 , pp. 24-27) . A
second configuration, for center-feed, is re­
viewed brie fly. Both use coaxial fcedline.
Neither design requires an antenna tuner and
each provides an excellent impedance match
with adequa te bandw idth fo r nonnal ama­
teur use . Figure 2 shows the fina l dimen­
sions o f the end-fed RASER and Figure 3
sho ws t he center-fed arrangement. Of
course. the hei ghts above ground may vary
for other locations.

Increasing the Aperture

Figure 4 is a diagram of the basic RFD- I
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The Divided Coherent Radiator C oncept

If we consider a short length of wire car­
rying RF current, it has an inductance which
can be read ily calculated. If the current is to
be essent ially constant along the wire, its
length must be a small fract ion of a wave­
length-for example, a fiftieth of a wave­
length. For a chosen frequency the value of
series capacitance required fo r resonance
can then be calculated. At this frequency the
tuncd circuit is, of course, non-reactive; that
is. essentially. it acts like an element of pure
radiation resistance . If we place several of
these tuned sections in series. as in Figure I,
their currents will be in-phase and the result­
ing radiation will be coherent. Le. mutually
reinforcing. Note that we are placing the
OCR elements of pure radiation resistance in
the center of a dipole which is then trimmed
fo r resonance , rather than demanding that
the entire multi-tuned structure be self-reso­
nant.

system. In this case. care must be exercised
to avoid compromising the phase and. there­
fore, the coherence of the radiation from the
separate sections (see S. Kap lan & E. Bauer,
"The Controlled Current Distribution Anten­
na," ARRL Antenna Compendium, Vol. 2,
pp. 132. 135).

T his project use s a d ifferent approach.
Here we insert series self-resonant sections
into a resonant dipole antenna. This resu lts
in a coherent (in-phase) radiator for 75 me­
ters, havi ng exte nded length wi th a corre­
sponding increase of gain and aperture. A
simple empirical method is given to accom­
plish th is without compl icated computations.
In the past such an arrangement has been re­
ferred to by the acronym CCO; Controlled
Current D is tr ib u tio n . Ho we ver. tha t
acronym is now almost universally accepted
to mean Charge-Coupled Device. Thus, I
prefer to use the less confusing tenn " OCR";
Divided Coherent Radiator.
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cific installation of a zn-secuon RASER.
For another number of sections in the OCR
the terminator will be changed appropriately
from the in it ial value from Table I. The
proper tap and capaci tor are then determined
experimentally. I found a variable capacitor
or decade box to be quite valuable for such
preliminary measurements. which were first
made wit h the coupler box at stepladder
height.

Results

One question which occurs for any anten­
na is: What is the SWR as a function of fre­
quency? ) measured the SWR for two 2D-e1­
cment RASER systems using a Heath SWR
bridge at the input to the two-wavelength.
long feedlinc used. For each, the measured
value was I: 1 from 3.900 to 4.000 MHz.
The value was less than 1.1 :1 from 3.850 to
4.050 and under 1.5: 1 from 3.750 to 4.200
M Hz. Th us. the syste m has a relatively
broad passband. One other experiment was
done to confi nn the proper operation o f the
OCR. A to-section RASER was erected at
stepladder height and the RF current in the
DCR sections and in the adjacent injector
and the term inator were checked. using an
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Resonating the RFD· l

The RFD- I was assembled as in Figure 4
and adjusted for 50 ohms input resistance as
mentioned above (without the OC R and cou­
pler). After the Ttchoke has been adjusted.
the coil is taped in place so that the windings
won't shift. We are now ready to adjust the
complete RASER.

Adjust ing the Coupler

The capacitance and the position o f the
tap in the coupler are determ ined after the
length of the terminator has been reduced,
from Table 1. as appropriate for me number
of sections chosen fo r the OCR. First. the
tap and the silver-mica capaci tors can be
clipped in place and the antenna raised to it.'>
normal he ight before measurin g the input
impeda nce . fo r e xa mple . usi ng a no ise
bridge. From my experience. it should not
be necessary to compromise on these val­
ues-a precise I: ) SWR should be attain­
able . For the t wo 20- se c t io n e nd- fe d
RASERS constructed the taps turned out to
be at 24 turns and 28 turns and the capaci­
tance 465 pF and 487 pF respect ively. Thus,
the mean values of 26 turns and about 476
pF should be a good start ing poi nt for a spc-

Figure 10. Couple r unit schematic [center-fed],

OCR from '"I"CIOf

added isolation. For convenience. I have
used coaxial connectors at strategic spo ts.
Two 50-239s arc mounted in the two ends
of the coupler box which contains the auto­
transformer and the fi xed capacitons), C, as
shown in Figures 5 and 6. Final adjustments
are described below. The T-choke is wound
on a plastic spool. The spools which I used
were the red plastic items which wire suppli­
ers have. The winding channel is 6" diame­
ter x 2_1/4" wide. The T-choke com prises
se ven turns clo se-wound with s ix turn s
wound back in a second layer so that tum
# 13 is adjacent to tum # 1. This co il is ad­
j usted using a no ise b ridge o r an SWR
bridge. A supporting rope is tied aro und the
spool and the Ttcboke is raised for final ad­
justment o f the RFD- I.

Fabrication orme OC R Sections

The OCR sec tions were desig ned fo r
strength, lightness of weight and low wind
res istance . Cut 20 lengths of the antenna
wire to 57" each . The 750 pF capacitors are
each cont ained in 1(2" long rings cut from
the PVC tubular conduit. The rings can be
neatly cut using a rotary copper tubing cut­
ler. I d id it best by supporting the conduit in­
ternally using a plastic fitt ing (av ailable at
the plumbing d istributor) slipped inside. The
cutler was clamped in a bench vice and the
tubing was rotated to produce a clean CUI.

(The OCRs sho uld be tested in the system
before the potting compound is appl ied. )
The ca pac ito r as se mbl ies a rc s ho wn in
Figures 7 and 8. The leads of the capacitor
and the stranded wi re are bent for stress
relief. An excess o f solder is used here to
reinforce these joints as there can be con­
siderable torsion during high winds. The ter­
minator was initially measured to be 59' 2·
1/4" long after allowance for the end insula­
tor wh ich is, convenie ntly, one of the 1/2"
long rings of conduit. This terminator length
was used for initial adjustments of the T·
choke in the RFD-1. After these adj ust­
ment s, the term inator length was reduced to
the final value of 43-1{2' (for the 20-section
RASER).

Construction ufthe Su pporting Mast

As with any low freque ncy antenna sys­
tem. a ll parts o f the RASER sho uld be
mounted as high as possible above gro und.
At W20ZH I have, for a number of years,
used a 2-element phased array (see J. Taylor.
" An 80m Phased Array," 73 Magazine,
March 1975. pp. 52-54, 56) with the mani­
fest advantages of switchable d irect ivity. I
now usc two 20-section RASERs in such an
array. T he arrangement shown in Figure 9
has proved to be quite practical for the two
masts supporting the RASER elements. The
4" d iameter alum inum pipe is light, easily
erected, and it is sufficient ly rigid to permit
minimal guying. The pivoted cord-reel at the
top acts like a hu ge pulley so that rope ,
knots. clamps, insulators, etc. can be eas ily
pulled over the top with no trouble-a great
advantage bot h for installation and expe-l­
mentation.
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Table 1. RasetParamet.......ea1cu1aMd and Empirical

AssI.med l~ 3.9501 UHl
hliilI lenglhs 01 RFl).1 qeaor an:l lerrrWlalor. 59' 2 1W
WaJ1llenglh: 249'
1150 WlMlellg\tl: -s
Capacita~ lor resonarce: -750 pF
CaO;:ulaled 5eK.jnducta~: 2.151lH
Empiricelly determined optimum values:

DCR Length: 57" per section
Reduction 01 terrninalOt per DCR seclion added: 9.425'
CelcUaled~mWIalor Iengf1Ior 2G-soction RASER: 43-112"

RASER Parts List (For eon...,,1enc:e. optionlII suppliers .,. Indicated)

1200' Arenna '/Ill'" 7. f22, strarOld, eower-dad (W1JC)
143' Coaxial cable RG.fI (1lir'iIoam) (RNo Shack)
1 P1aslicbor 4·. 2·7I16" . ' -11'6' (RaOOSII8ck)
AssorIlId SIvef-mica cepacltors 50 pFto 500 pF (Ferbk's ElecIronics, 5400Ela St., PNadelphia PA 19120)
20 SIMtrmica capaciloo; 750pF (Fertik's)
I S' Thio'waIled PVC COI'Iduit \ ·112' a.d. (MPT db4PVC11 2O at plurnbilg distributor)
Foam 8JIOllY polling~ lor eJedl'Oi"Oc asse~ (Spray-can insulating loam for pUrbing "nog$hould WOfk.)
" Type 1-200-2 pow(le<ed iron eote (""-'on ASSQCII.llIS. 12033 0tseg0 St, N. HoItywoocl CA 91607)
1(1 ParaIel bell... 2 . 120 in pla$lit: sheath (Se......,~'" Stooe)
4 Type SQ-239 cc.DII sod<el$ (Ralio ShiIdo.)

Quantum Instruments Inc., 1075 Stewart Ave., Garden City, NY 11530

Conclusion

This development project was init iated
to satisfy the need for an end -fed dipole
antenna system having enhanced gain while
retain ing the efficiency and simplicity o f
feed which is c haracte ristic o f the RFD
approach. The RASER system desc ribed
above prov ides the desired enhan cement. It
offers an excellent match to the transceiver,
without a separate antenna tuner, and with­
out a dangling fcedline to contend with. The
concept is applicable to other bands and ,
because of its broad band characteristics,
all-band operation. using an external tuner.
sho uld be possible . Fo r loc at io ns where
ce nter feed is des ired , suitable changes
in de sign va l ues we re de vel o ped and
tested.
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Addendum: The Center-Fed RASER
(A Double-Edged RASER)

The RASER described , shown in Figure
2, is most suitable for sires which favor an
end-fed antenna . For s ites wh ich favo r
center-feed, the version shown in Figure 3
was constructed using the principles already
developed. Briefly, it was only necessary
10 split the zn-secuon OCR into two equal
paris and connect a coax ial feedIine into
a co uple r unit at th is point. The injector
of the RASER was replaced by a second ter­
minator. Each of the two terminators is 5 1'
4 ". The diag rams. Figures 3 and 10, indi­
calc the changes in geometry and coupler
constants. The center-fed RASER is current­
Iy in dai ly usc in the p hased-array a l
W20ZH, wilh results whic h are essentially
the same as those experienced for the end­
fed RASER.
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