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RASER Parameters

Empirically Determined
Optimum Values

Table J . RASER parameters-ccalculated
and empirical .

carryi ng RF current. it bas an induc­
tance which can be readil y calcula ted:
see Tahle l. If the current is to be cs­
sentially constant along the wire in each
OCR. its length must be a small fraction
of a wavelength-fur example. 1150th.

3.953 MHz

2.15 JlH

- 750 JlF

- 2.21 feet

57 inches
per section

59 feet ,
2·1/4 inches

249 feet

- 5 feet

OCR l ength

Capacitance for
Resonance

Assumed Frequency

Initial Terminator
length

Wavelength

1/501h Wavelength

Calculated Self­
Inductance of DCRs

Reduction of
Terminator per DCR
Section

in this article has still greater gain. ac­
complished by replaci ng the dipoles in
the former design wi th longer dipo les
called RASERs.

I fi rst wrote "The RASER: ' puh­
lished in 73. September 1992. and
"The RASER Revisited: ' 73, October
1993 (both of those articles can he
viewed on the Internet at [http://
home .att.ne t/- l ETAYU w2ol.h.h tmlJ,
along with additional comme nts). As I
described in those previous artic les,
the deve lopment of the RASER gain
dipole was derived from prior work. by
Harry Mills W4 FD.

(Note: I have chosen the term
"RASER" for the nove l struc ture ,
due to its re mote similarity to the
LASER- both use cohere nt radiation
to obtain gain. Also, in the past. the ac­
ronym CCD for Controlled C urrent
Distribution has been used. Because
that term is now almost universally ac­
ceptcd by e ngineers to mean Charge
Coupled Device , I wi ll he using what I
hope is a less confus ing term, DCR­
for Divided C urrent Radi ator.)

Let's go hack. to general principles:
If we consider a short length of wi re

T he RASER a pproach

B
ccausc of the unique effec tive­
ness of this antenna system. a
number of the hams I have

ta lked with have asked me 10 put the
construction details into an article. This
article. therefore. is directed to those
who wish to dupl icate the system with­
out complicated formulas or computa­
lio ns. Thi s is offered as a fun project
which teaches some advanced under­
standing of antenna theory as well as
some practical assembly experie nce.

In the past. I have successfully used
conventiona l two-clement phased-ar­
ray beams on the 80-meler band.
These were composed of two paralicI
resonant dipoles. spaced one quarter­
waveleng th apart. horizonta lly. and fed
at their ce nters hy coaxia l cub ic. T he
patt ern direction was reversed by
throwing a switch. Thi s changed the
length of the fccdlines. initia lly equal.
so that one feedline was one quarter­
wavelength longer than the other. The
phase shift introduced by this "quadra­
turc" delay results in rei nfo rce ment of
rbc rad iated signal in this direc tion
with a corresponding cance llati on or
null in the opposite di rection. Thus . we
have a beam antenna with the ability to
switch di recti vity. for example. from
east to west! The phased array featured
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Configuration of the RASER
phased array

As shown in Fig. 4, I fabricated and
insta lled two identical RASERs, hori­
zontally spaced approximately one

The RASER dipoles

The insta llation at my QTH has a
sing le RAS ER dipole as shown in Fig.
I. Each RASER is composed of 30
DC R sections (see Fig. 2), with 26­
foot wire terminating stuhs at each
end. Each RAS ER is fed with 52-ohm
coaxia l cable through a coupler unit
placed at its center (see Fig. 3). The
coupler unit is a bifilar-wound, toroidal
impedance-matching transformer tapped
at 26 turns and enclosed in a plastic
box.

The RASERs are tuned to resonance
at the desired frequency by pruning the
lengths of the terminators symmetri­
cally. The desired 1:1 SWR was ob­
tained by changing the tap position on
the transformer. An antenna imped­
ance hridge is useful in th is adjust­
ment- I used a Palomar noise bridge .
The overall length of each RASER ra­
diator, some 200 feet, was determined
solely by my site restrictions, as was
the height above ground. The geom­
etry ca n be c hanged to match other site
dimensions by c hanging the number of
DCRs, the lengths of the terminators,
and the position of the tap on the
matching transformer. Greater lengths
of the RAS ER will increase gain up to
the point where cumulative phasing er­
rors diminish coherence of the radia­
tion from the OCR sections . The
height sho uld be as great as possible
for best effic iency of radiation.
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This length could be increased with a
corresponding decrease in the number
of DCRs required. For a chosen fre­
quency, the value of series capacitance
required for resonance can then be cal­
culated. At thi s frequency the tuned
circuit is, of course, nonreactive ; that
is, it acts like an e lement of radiation
resistance with onl y the mutual induc­
tance between DCRs remaining. If we

place several of these tuned DCR sec­
tions in se ries, as in Fig. 1, their c ur­
rents will be in phase and the resulting
radiation will be coherent, i.e ., mutu­
ally re inforci ng . The result is a
stretched resonant radiator. Let us now
place a number of these DCR clements
at either side of the ce nte r of a di pole,
and trim the structure of resonance by
adjusting the lengths of the capacitive
terminating wires at its ends. Thi s
RAS ER concept offers gain over a
half-wave dipole antenna due to the in­
creased aperture and the coherent ra­
diation from the resonant DCRs.

Construction

Fig- l , Balanced 30-~;ec rion RASER (centerfed),

Let me re view, briefly, the construc­
tion of RAS ER gain-dipo les for the
80-meter band, and also the extension
of the idea to a two-element phased ar­
ray with switchable directi vity. A tabu­
lation of values for other amateur
bands is included. Also, please note
that the quarter-wave delay line has
been replaced by a simp le pi-section
phase-shifting circuit. The centerfed
config uration will be emphasized here,
although the endfed RFD arrangement
has proven to be equally e ffective (see
"RFD: Resonant Feedline Dipoles,"
QST,August 1991 ).



TO 15-SECnoN OCR #1

capability is useful for comparison
pu rposes. Two connectors are pro­
vided for the horizontal and vertical
plates of an oscilloscope to present a
lissajous figure. T his is useful for
checking ph ase shift and for monitor­
ing operation of the system. Also, a
separate switch position is provided
for an externa l dummy load. Two co­
ax ial connectors arc provided (marked
OPT IONAL DELAY-LINE INPUT
and OPTIONAL DELAY-LINE OUT­
PUT) for use if an external quarter­
wave de lay li ne is desired instead of
the inte rnal phase-shift circuitry. To
achieve this, the circui t is broken at the
three points rnarkcd X, effect ively
eliminating the components Ll , C I ,
and C 2.

Please refer to the schematic dia­
gram, Fig. 5 , and to its no tes, Table 2.
The switch, the to roidal matching
transformer, the phase-shift c ircuitry.
and the sockets requ ired for a ll of the
coaxial cable connections are housed
in a metal chassis box. I used a three­
by fi ve- by seven-inch aluminum box,
although anyone suffi ciently large to
accommodate the parts will be satis­
factory. As any ex perime nter will
agree , you are wise to install extra co­
axial connectors for possible future ex­
periments . Table 3 is a simplified parts
list for the system.

Adjustment of the system

The two RASER gain-dipoles in the
beam are separately adjusted for reso­
na nce using the noi se bridge . For these
resonance adjustmen ts, the se lector
switch is alt ernately in the EAST
RASER positi on , then the WEST
RASER position . During these measure­
ments, the feedline of the unused
RASER is disconnected at the switch­
box and terminated at its input with a
noninductive 52-ohm carbon resistor.
Thi s is used to si mulate the cross-cou­
pling between the two RASERs during
operation. Afte r the separa te radiators
have been adjusted to resonance by
trimm ing the lengths of the terminator
wi res, and the match has been set by
adjusting each coupling unit, the beam
is ready for on-the-air usc. If the option
of using a quarter-wavelength of coax is
chosen, no further adjustment is needed.

20 TURN BIFILAR
(40 TURNS TOTALI

57" TO NEXTCAPACITOR

RING OF PVC CONDUIT
1112" OD 112- l 0NG

ANTENNAWIRE
PASSESSNUGLY THROUGH

#43 DRIU HOLES

T

swi tch is thrown to the dial position
marked BEAM EAST, power from the
transceiver is switched to the input of
the impedance-matching transformer
T I through capacitor C3. This pro­
vides the small capaciti ve reactance
necessary to compensate for the induc­
tance of the transformer winding. The
output from this transformer, at low­
ered impedance level, is fed into the
pi-section phase-shift network , L I,
C l , and C2. T he unmodified signa l at
the input to the network is switched to
the W EST RASER. The quadrature
shifted output is switched to the EAST
RASER. As mentioned earlier, this
phase shift produces an antenna pat­
tern with gain in the east direction and
with cance llation in the west direction.
Following the diagram, conversely,
whe n the swi tch dial points to REAM
WEST. thc pattern will be directed to
the west.

Additional swi tch positions have been
provided so that we can se lect e ithe r
o f the two RASERs separate ly. This

40T

TAP

2 TURNS

750 pF

TO lS-SECnON DCR #2

COAXIAL
FEEOLINE

57" TO NEXTCAPACITOR

INPUT

Fig. 2. Capacitor assemblies ill the DCR.

quarter-wavelength. or about 60 feet,
along the perpendicular hori zon tal line
through their centers . The initial
fccdline lengths are made equal. These
leng ths can be randomly c hosen, al­
though it is useful to usc an integ ral
mu ltip le of a half-wave ( ill the coax) in
each 10 minimize reactance effec t. I
found it convenient to use two lines.
each of which is one wavelength long,
or about 180 feet. The switching of di­
rection or radiation is accomplished by
the use of a multiscction , wafer-type
selector switch. An impedance match­
ing transformer is requ ired to correct
for mismatch at the input to the
feedlines. Sec Fig . 5, T I. As men­
tioned, instead of using the quarter­
wavelength de lay line to provide the
required quadrature delay, I found it
expedient to use a simple pi-section
phase-shift network as shown in Fig. 5
(Ll . c r. and C2).

The opera tion of the system is more
readily understood by referring to the
schematic diagram, Fig . S. If the selector

Fig. 3. Coupler unit schematic (centerfed] ,
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TWO 3D-SECTION
RASERS

lSEEfIGUREI)

/

As pointed out, the lengths and other
parameters menti oned above were

Extensions to other hands

to-back ratio when the direction of the
antenna pattern is switched from
EAST to WEST. Ideally the patterns
would be pe rfect circles. but actually
this is seldom achieved because of cu­
mulative differences in the parameters
o f the antennas. These may be due, in
part, to site variations and di fferences
of component values. Bill Shanney
W6QR has modeled the RASER beam
using the EZMEC 1.0 program. The
resulting charts strongly reinforce my
experimental results. Contact Bill by
E-mail at[wshanney@earthlink.com)
for more information.

C2

ToFOUR TtRMINATORS 1>26 FEET LONG)

COUPlER UNIT
lSEE fIGURE31""

COUPlER UNIT ..-K
lSEEfIGURE31

MATCHING!
PHASING UNIT
lSEE fIGURE 5) L_J--- l

T

T
Fig. 4. RASER phased array (viewed from above).

11

However, if the pi-section phase­
shift network has been chosen instead
of the coaxial delay line, it will be nec­
essary to optimize the values of the in­
ductor LI and the capacitors C l and
C2 for optimum phase-shift be tween
the two RASER radiators. If the induc­
tor has been fabricated as described.
probably no readjustment of this com­
ponent will be required. The va lues of
Cl and C2 can be readily adjusted by
usc of a split-sta tor air capacitor. since
these are nominally equal capacitors.
The adj ustment is made by viewing
the lissajous patte rn. or by measuring
received signal strengths. The capaci­
tors are then adj usted for the most
symmetrical elliptical scope pattern or
for optimum signal strength and front-

Fig. 5. T....o-RASER phased array s....ilchinglphasing unit.



the more dis tant northerly and sout h­

erly locations. This is to be expected if
the pattern is mainly cast a nd west as
designed. A s might he expected for the
varia tio ns of propagation conditions
e ncou nte red on 80 meters. the front­
to-hack ratio s. measured on e ither re­
ceived or transmitted signals. vary
considerably with time of day ami di s­
tance. Howe ver, a ratio o f 25 decibels
is co mm only expe rienced and I have
fre quently measured a front- to-hack
rat io of 35 decibcls-c-cquivalc nt to a
power ratio o f some 30<X) to one! Th is

ratio is eve n more impressive whe n we
realize that the sig nal strength of a sta­
tion runn ing the lega l lim it of power to

the rear o f the beam is reduced to

sound like a half- wai ter !
o d t di idcnd fr n th ' usecipul inter- The gam of each RAS ER IS d i- ne ra m a IC IVI e or c

n re sponse rec tly de penden t upon the number of of a beam nn the lower frequenc y

hands
.

the obvious reduction ofave culcu- DCR sec tio ns used. so the more sec- IS

of DCR tio ns the better! The 30 clements in
QR~1. e specially during the crowded

or the HF m y two-clcrncm a rray work j us t fine !
evening hours. For example. if I have

the lengths the pattern pointed to thc cast. 1 can

osi t io n on Results readily work stat ions in that direction

ctcr mincd w itho ut e ither hearing or interfering

r a rough The two-c leme nt RASER phased with same-frequency statio ns 10 the

cqucncy). array has he e n In operat ion at we st.
W20 ZH for seve ra l years now with I wish to acknowledge the encour-
ou ts tanding re sult s. 1 haw consrs- agemcm and assisranee of many hams
tentl y received reports of supen o r who have show n interest and who
signa l s tre ng th fro m hath c ast and have patient ly g iven sig na l s trengt h
west d irec t io ns. as e xpec te d . 1 call comparisons for the numerous cxperi-

d copper-
ma ny CQs us ing a sing le gai n-d ipo le me nta l arrangements which led to this

and have had almost no answers fro m final design . !l!l".
bl.

· 1/16"
RASER Scaled For Other Bands I

inum BANO(m) FREQ (MHz) OCR (In.) L (. H) C (pF)

ultipole 160 1.9 118 .6 5 .33 1250
I

s . 50 pF to I 80 3.954 57 2 .1 5 750

40 7.263 31.03 1.10 430
s, 750 pF,

20 14.29 15.77 0.40 310

ed iron

I 17 18 .1 4 12 .42 0.31 250

I sockets
15 21.38 10.54 0.29 185

I bell wire

und 10 28.65 7.866 0.21 150 I
Table 4 . HASER scaled for other bands,

Foa rT1 epoxy potting compo

Table 3. ParIS list,
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60 S ilve r mica cap
or equivalent

2 T-200-2 powder
toroid cores

Assorted Silver mica cap
1000 pF

8 SO-239 Coaxia

10 fl . 2 x #20 Paraue

2 4" x 2-7/16" x 1
plastic boxes

1 3"x5" x7" alum
chassis box

400 ft . RG/8 coaxial ea

L1 10 turns #12 enameled copper wire wound on approximately 1/4
of the circu mference of an Amidon T-200-2 powdere d iron co re

T1 8 turns. bifila r, wound on Amidon T-200-2 powdered iron core,
tapped 4 turns down from the ungrounded e nd (8 .. 4 turns up
from the grounded end)

C1 . C2, C3 Silver Mica, or equivalent
C1 = 857 pF
C2 . 848 pF
C3 = 953 pF (for res istor loads)
C3 = 803 pF (for 30-section RAS EAs )

Switch 3-9an9. multipole selector switch: t use d a Cerrtrateb Type 2017
with contacts paralleled

Coaxial sockets shown are SO·239 (8)

Parts List

1 2017 3-9ang m
switch

Oty. Description

425 fl . 7X #22 strande
clad antenna w

Notes for Schematic, Fig. 5 (parts details)

Table 1. NOles for Fig . '; .

chose n for the hand o f prin

est. 80 meters. However. i
to a number of requests. I h
lated approximate values
lengths a nd capaci tances j";

hands as sho wn in Table 4 (
o f term ina tors and tap p
th e tra nsformer are best d
thro ugh e xperime nting aftc
est imate hy scali ng to the fr


