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QRP Antenna Showdown
What's the best antenna to use with your QRP rig ?

More often than not, when you hear someone ask this question, they are looking for
answers more in line with those for a query like, "Which anten na is going to give me
the biggest signal, or the m ost contacts?" That is, they are talking strictly performance.

Photo A. Mounting base standard with the Minute Man 20.
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H
ow any antenna performs is a
very important characteristic,
without which there would be

no wireless communicat ions. How
ever, if we can set aside an antenna's
performance ability for a moment and
give consideration to a co uple of
other important charac teris tics, the
question stands a better chance of being
answered correctly.

All too often the individual asking the
question has not given thought about two
other very important considerations for

portable use; the intended "use" for the
antenna and a fam iliarity with what's
"available." Once the user understands
and becomes famil iar with these two
issues, then performance can be given
its deserving consideration as a deter
minate in deciding which antenna is
best.

I have been told that religion, sex, and
antenna "stuff" can be taboo discussion
items. However, after having heard so
many QRP hams ask thi s very question
regarding best antenna selec tion, I feel

the need to run the risk of being in
volved in such a taboo discussion.
Note that I don't plan to include cost
and ultimately "real value" into thi s
discussion. The variables involved with
real value are so numerous that this
would be an article all its own!

It is not my intention to dwell into
the performance as pec ts of these an
tennas either. The myriad of details
is mind-boggling . There have been
antenna shootouts conducted under
controlled testing conditions that better
provide results comparing one antenna
to another.

Even more important than perfor
mance, the first step to finding the best
antenna for your needs is to identify
where and how you want to use your
QRP rig the majority of your on -air
time. For example, you might decide
that ultimate mobile performance can
be obtained by mounting a three-ele
ment beam on a IO-foot pole attached
to the rear bumper of a minivan. Per
formance should be very good, but
aside from looking silly and being ex
pensive, it 's unsafe and might not even
be road-legal! Yet, there are several low
profile antennas that are better suited
for mobile, providing practicality over
ultimate gain.
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that are more meani ngfu l for your
speci fi c application.

PEDESTRIANIFIXED PORTABLE.
For hiking: reduced size, light weight,
attaches directly to the radio, minimize
the use of interconnecting coax. no
radials (regardless of the improved
performance); consider monobandcrs. For
fixed portable operation at the family's
beach cabana or on a mountaintop: some
gain and directivity could be useful
and easy to handle; any required rota
tion of an antenna should be the
"Armstrong" rotation method; an
tenna, pole, and accessories should be
eas ily assembled/disassembled and
packed; may consider a reduced size
and/or lightwe ight antenna if climbing
is part of the trek to the operating site.

MOBILE OPERATION. The key
nonperformance criteria here are
physical characteristics such as wind
loading and mounting methodology.
Wind loading is a mechan ical metric
that you' ll usually see offe red by the
manufactu rers on larger, permanen t
insta llations. and hardly ever provided
for the typical QRP/portable genre of
antennas. However, you don ' t really
need to be a mechanical or structural
engineer to figure out if your antenna
choices could stand up to whatever the
fastest speed you' ll be traveling is.
Size as well as geometry of the ele
ments must also be considered for mo
bile applications. A horizontally rigid
dipole cut for 20 meters, regardless of
how durable it is and how we ll it is
welded to a motorcycle' s frame, is
probably no t the best choice of thi s
app li cation!

FIXED STATION (HOME). A fixed
base station Q RP antenna installation
usage does not have many of the same
physical property limitations as the
portable and mobile application does.
However, depending upon city. state,
and federal regulatory laws, the an
tenna choices may not be any easier
than the above two . In my experience
living in homes that had restric tive
covenants (CCRs), I almost always had
to go about practicing my hobby in
somewhat of a clandest ine fashion. At
one such house I decided to run my
coax line to the mobile antenna on my
parked car in the driveway, and use

Or, if you're a hiker, a long wire
antenna gets a little clumsy, if not im
possib le, on those mountain trai ls.
Again, not a good choice for the spe
ci fi c application , in this example a
pedestrian portable use. Thus the need
to determine where and how (usage) the
flea-powered rig wi ll spend most of its
"ON" time is the first consideration
that needs addressing.

Another example of the importance
of identifying usage lies with the
simple rubber duck antenna. Consider
this fact: There is no better antenna
than the rubber duck type attached to a
handheld rig while walking around a
hamfest. Here you don't wan t directiv
ity, don 't need gain, and don ' t want
anything protruding up into your sides
whe n you're bent over picking up a
prized goody. The right antenna for the
right job!

Moving right along, let' s first exam
ine the basic groupings of the ways
your rig can be pressed into service,
and then examine what supports each.

Group 1: Pedestrian/fi xed portab le
operation such as hiking, public ser
vice volunteering, and fixed such as
sitting up on top of a mountain peak.

Group 2: Mobile operation such as
in an auto, motorcycl e, bike, boat,
airplane, etc.

Group 3: Fixed station (home) use of
the base station antenna.

Hams, the versatile lot we are, will
likely try all three groups. However,
after the experimenting is do ne, most
will usually settle on one or the other.
Within that one category, most opera
tors will drill dow n even further, set
tling on one or two sublevel s of the
group.

For me, my FT-81 7 spends most of
its time in Group 1 (fixed portable) and
sometimes Group 3 (home). Thus, I
have appropriate antennas that offer
me the best performance within the
li mits imposed by the constraints
within these two groups. Within the
boundaries of my Group 3 hamming, I
am restricted by my XYL, not restrictive
covenants or CCRs !

I've listed some characteristics that I
have found KEY for each of the 3
groupings . See if you agree and/or
can add or change those characteristics
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Pkoto B. Center insulator and position adjustment knobs for the Buddipole,

Plwto C. The MFJ-1899 (ATXJ and Maldol monobander antenna.f.
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good cross-section of today 's QRPI
portable antenna offerings. A lot of
time has been spent assembling. disas
sembling. transporting. testing. evalu
ating, and developing my personal
opinion as to where these six antennas
fit.

In your judgment I may be off base.
and that's OK. It's like taboo subjects:
There defi nitely are no IwO opinions
exactly alike. There are many good
anten nas on the market in addition to
the six I listed here. The object here is
the same when making the comparisons.

The chart 1 use lists 10 categories,
each exhibiting a numeric score from 1
to 3 with 3 bei ng EXCELLENT, and 2
and I being O K and WEAK, respec
tively. The scoring is very subjective
and opin ionated. The values you see
are those I placed on the antennas. my
call. You can accept my values or alter
them as you see appropriate. The end
results should fit your needs and usage.
other than performance as discussed ear
lier in the article. Addressing the usage
with in the categories is what's impor
tant. The rationale I used for sco ring is
as foll ows:

Frequency coverage: More points
are given to those antennas that are
multi-banded. If my specific applica
tions were for a single band only, I
wou ld reverse this scoring.

Size, assembled, and disassembled:
Smaller is important.

Ease of setup and tcardow n. includ
ing initia l tuning and band changing: I
do n' t want to spend a lot o f time put
ting together the antenna. having to
rcad a lengthy instruction manual. and
having to pretune or trim parts of the
antenna. (I don't do well at Christmas
time assembling the kids' toys ei ther! )

Portability when assembled : Specifi
cally. can I easily walk around with the
antenna attached to the rig if I want to
use the rad io while hiking?

Self-supporting/standi ng: If I decide
to operate when stat ionary, will I need
to provide some sort of pole and stand
or wire guys to hold the antenna?

Quality of construction: Material se
lection. workmanship. appearance. all
lead 10 product longevity. The repetitive
process of assembling and disassem
bling the ante nna is going 10 be the
litmus lest for durability.

hams back on the air. It is so popular
that numerous manufactu re rs have
begun marketing Q RP-spec ific rigs
coupled with a full array of accessories.
My last (unofficial) count revealed that
over 25 different antennas were being
marketed as specialized QRP/portable
antennas .

Almost weekly, new antenna prod
ucts are appearing in magazine ads.
Keeping up with all that's available is
difficult and expensive. Over the past
couple of years , I have acquired six
commercially made portablelQRP an
tennas. As a way to assist in categoriz
ing usage to decide what works best
for your application, I've developed a
table comparing my anten nas. Within
reason . you 'll fi nd that these six anten
nas fall somewhere within one of the
three groupings above and represent a

What 's available

QRP operation is not new. However.
today it is credited for getti ng many

small magnetic loops on portable tri
pods. Longwire antennas made from
very-small-gage wire. tapping into the
metal gutter system. or the concealed
vertical withi n a fiberglass flagpole
can all be made to work very well . Re
gardless. you' ll need to keep size.
weight. and the ability to be stealthy in
mind before you settle on your antenna
choice. Further information on dealing
with CC Rs can be found in the FCC's
PRB-l bill at (www.arrl.org].

Should you be one of those who
lives where there are no restric tive
covenants. then you' re limited only by
"best practices" techn iques. Lucky
you! !



Wra pping up

Nothing is cast in concrete, that's for
sure. If you add up all the data points
on my chart for each antenna, you will
notice that the Miracle Whip scored a
perfect 30 points ! You mayor may not
agree that the Miracle is excellent in
all 10 nonperformance categories , but
don 't forget, a 5 wan, 50 ohm resistive
dummy load would exhibit all the fa
vorable nonperformance characteris 
tics I've identified and scored excellen t
in the same categories .

Now it is up to you to insert a value ,
or better yet a multiplier, for perfor
mance. Performance data can be ob
tained from your very own experience
or from organi zed efforts such as the
HFpack [www.hfpack.com] group an
tenna shootour results. If all else fails,
you could use the manufacturers' pub
lished performance specifications. If
you do, make sure that all results are in
the same unit of measure, dli s or dBi.
etc.

I did not include the way I chose to
factor performance but when I was
done, the results can be seen by the
order the antennas are listed in the
cha rt. That is, fo r my part icu lar QRP
usage, the Buddipolc and the Miracle
Whip arc the best antennas in this lot
for my applications, all things being
considered.

The idea of looking at and evaluat
ing othe r antenna charac terist ics in
addit ion to performance will prepare

Photo D. The Buddipole 's large loading coil.

you for the process of selecting the
best antenna for your usage. A QRPI
portable antenna' s purpose is to get
you operating on the air in places
where a larger antenna is not practical
or feasible. Coupl e that with the chal 
lenge of QRP - that being to operate
with low power, not with poorly cho
sen equ ipment - and you' ll sure ly
understand why all the characteris
tics of eq uipment se lectio n must be
given proper conside ration. Perfor
mance and application, together, will
yield the best antenna for any QRPI
portable act ivity.

Best of the tests

Individual high lights for each an
tenna used in this article are:

The Buddipole demonstrated super
construction and excellen t mate rial
selection , all poi nting to expected du
rab ility in the field . This antenna uses
stainless whips instead of the lower
cost, less durable aluminum, a nice
complement of brass-threaded fittings
and epoxy composite anns add to a

beaut ifu lly designed antenna. Configu
ration versatility is an understatement
wi th the Buddipole. The user can adjust
the arms to make a horizontal dipole,
cemcrfcd vert ical dipole, J-pole, "V"
and inverted "V", etc., etc. A light-duty
travel case comes with the antenna for
transporting around. A standard of
quality for a ll to strive for.

The Miracle Whip offered the widest
frequency coverage. The small size of
the MW made it a natural for throwing
in my briefcase before leaving on a
business trip. The designers chose top
notch materials, and used excellent
workman..hip ski lls when assembling
this antenna. I found that the MW of
fered exce llent performance when
used as a short-wave receiving an
tenna, covering all the HF and VHF
ham bands, The fact that you can also
transmit on all the same bands was a
p lus. Note that fo r trans mit ting you
reall y need a counterpoise.

The MFJ Super Loop was absolutely

Con tin ued on puge 58

Size Ease ot Portabil· sen-
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Table J. Characteristics of six QRPlp0rfabie amennas.
' I'e Ie
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A consideration for best receiver applica
tions is to position the preamp as close to
the a nten na a s possible . The loss from an
tenna to preamp input adds up 10 reduce the
system no ise figure in any system with a
preamp. If your losses arc 3 d B and your
preamp has a I dB no ise fig ure, the syste m
noise fig ure will be 4 dB o r slightly greater

in this si mple example.
If you have to be SMA input, use a WR 

75 SMA tra nsit io n to waveguide for the
interface o r do some machine shop modifi
cations to bring out the inner lip of the
waveguide. Replace the probe with an SMA
connector and 1 pF chip cap for isolation
and give it a try. I haven' t done th is, as I
don't have anythi ng more tha n my vertical
mill, a drill press.

I hope thi s g ives you some co nfidence to
try out these many d ifferent models of LNB
in the surplus market, as they should be in
abundance at ine xpensive prices. If you
can' t find any to convert , I will supply ei
ther the black or large beige LNB described ,
tested good , fo r $20 eac h postpaid US .
Canad ian destinations, please inquire . Best
73, Chuck WB6IGP. Fo r q uestions about
this and o ther applications, E-mail me at
[clho ugh @pacbelI.netJ. fa

QRP Antenna Showdown
continuedJrom page 13

the quie te st antenna of the bunch. Elimi
nating t he noi se floo r a llows weak

s ig n a ls to a lmost jump rig ht o ut at

yo u, g ivi ng the illu sio n of some so rt o f

gain fa c tor. The su per loop is some
what fragile: a sharp jolt c a n break the

capacitor' s rotor aw a y from its stato r

asse m bly. I know. it happened to m e .

Although not very portable , this an 

tenna works w e ll 0 0 trave l traile rs and

c ab in installations.

As w it h the Miracle Whi p , the ATXI
MFJ 1899 al so prov ides wide fre
que ncy coverage. The m u ltip le loading

coil taps allow fo r very fast frequency

changes in the field anywhere from

80 meters up through the UHF bands .

The MM·20 was the only antenna

that included a built-in m ount m aking

it self-s u p po rt ing. Thc MM-20 is no t

much of a sho rtened antenna , a s it is a
fu ll 1/4 wavele ngth vertical o n several

bands and on others it requ ires very

little use o f the loa d ing coil. If neede d ,

the large. 2-inch high-Q coi l needs

o nly 10 be ta pped a couple of turns to

nearly the same as for the large beige unit.
Cut o n bonom right enough of the filte r lines
to allow an iso lation chip capacitor to be
installed o n the stage three output to pan of
the first input line of the bandpass fi lter.
Make sure it will clear the to p cover plate
used for isolati on between stages. This al
lows a connection point from the capacitor
to the 0 .085 coax li ne. The S MA connector
on the far end serves for RF out of preamp.
Cut/file a hole in the haltom of the RF
amplifier isolation plate to allow RF coax
to exit housing and provide rigidi ty. It would
be best to use mi niature rigid coax like 0 .085
hardline. I don't have any quantity to supply,
hut found a sho rt section of Teflon coax
about 2 inches long with an SMA female
connector o n one end, and prepped the other
end for insertion on amp stage S's o utput
chip cap. Should work. Haven 't had time to
try it out, but believe should be OK. Test
and adjust as necessary.

Conversion of the Channel Master
large beige LNB, part #NJR2115-FH

The noise fig ure was L l dB o n the uni t l
selected to convert; it varies a few tenth s of
a dB between un its.

Start by pulling the un it apart. Remove
rear "F' connector nu t and press L~B as.
sembly out of housing. LNB IF amp and
LO assembly resides sandwiched between
the RF amp PC board and the power supply
PC board . To access and remove the LO and
IF asse mbly, remove all sc rews from the
po we r supply hoard . Unsolder the three
leads just above the 1wall resistor and varis
tor. Th is frees DC power and bias and the
+12 vo lt DC input to po wer supply board.
(Do not unsolder any of the 6 wires in similar
black cab le.)

Remove all screws holding the RF am
plifier PC board shroud and top cover plate.
giving access to RF amp board components.
Looking at the 6-wire black cab le that co n
nects to the power supply board and the
wa veguide to yo ur left, the three RF amp
de vice s run fro m (in put) bottom left to
bottom right (o utput). Notice that there are
2 wires soldered to the RF amp hoard , top
left sidc o f PC board. One is LO injection
to FET mixer. and the o ther. topmost left, is
DC power to the ORO loca l osc illator.
Unsolder- both leads from the PC board. Thi s
should allow you to gently lift both the
power supply und RF amplifie r PC boards
off the metal housing . Use static preventi on
measures, as the RF ampli fie r input gate
is no w unprotected and w ith a li ttle static
mishand ling you could destroy the first
RF amp FET. Use a grounded worksta
tion (unetched PC board ground straps and
grounded soldering iron sta tion).
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With the power supply and RF amplifier
board removed, no w unscrew the LO board
and IF amplifier board from the cenrer of
the ho using and set aside; it is not required
in the conversion. Replace the po\\,"er sup
ply and RF amp board, and screw down the

power supply board fi rst. Position the RF
amplifier board and prepare it for stripline
modification. As above, with the RF amp
positioned so that the black 6-conduc lor
c a b le is at 6 o 'clock . the firs t- stage
waveguide input is to the bottom left . On
the bottom right, the output of the stage
three amplifier is a filter presumably sci for
t 1.7 to 12 GHz. Two GHz is not modifi 
able and needs to be cut off with an X-acto
knife. Leave the first clement that is capaci
tively coupled to the stage three outpu t.
About 1/8th o f an inch fro m the ground e nd
of this firs t element, cut a lit 6th-inch open
in the path. The ground will have a 0.085
section of hardline coax to ground. The cen
ter of the 0 .085 coax connects to the open
e nd of the cut, which is the output of stage
3. Leave the capacitive coupli ng lines fo r
DC isolation.

Exit the 0.085 hardline through the rear
oft he housing above the "F' connector, and
solder the coax to gro und. The top co ver
plate needs to be filed out to accommodate
the round coax hardline: I suggest firmly f-- - - - - - - - - - - - - - 
improvi ng rigidity, as the ground surface o n
the PC board is qu ite narrow but a good
ground. Improve s rig id ity. When that is
done, sc rew the top ho using in place and
the top cover plate . Attach to the power sup
ply board a new OC inp ut lead. Attach to
righ tmost p in o f the 3 pins pre vious ly
un soldered. You can verify the pin as it wires
directly to the power diode under the black
varistor on the right side near the varistor.
The other side of the diode goes to the volt
age regulator, le ftmost pin : center pin ,
ground; rig ht pin. regulated DC o utput. DC
input can be anything from +15 volts to +24
volts DC; I recommend +12 VDC. Check
for shorts. and when ready, app ly power and
te st as 10 GHz ampli fier. Now it 's an LNA
and not any lo nger an LNB .

Now, the last que st ion : Wh y remove the
waveguide input and convert to SMA co n
nection? While it seems to be easier to use
an S~1A co nnector for the input. making
them mo re desirable for conversi o n to ex
isting syste ms , there re mains a po int to

consider - that is. keeping them in original
input circuitry (waveguide) and adapting
them 10 the feed po int of your di sh using a
waveguide sw itc h for tran smit/recei ve
switch ing . The RF preamp is at the most

desirable point in the system, with minimum

toss from the antenna to the preamp input.
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area as near the shore line as possible .
with the beam aimed seaward toward a
DX continent. Those lucky enough to
have such a location would no doubt
have excellent results with a monopole
LP having a 10 dB gain on 40m or
80m. One aimed across a lake might
also be good.

A vertical monopole for bo th 40m
and 80m of the "skip band" type is not
ou t of reason, but would require at
least 45_73m (150') in length by
42 .68m ( 140') or 6,042.44m' (2 1.000
sq. fee t) of open space, which is qu ite
an area unless you arc lucky enough to
live on a ranch or farm.

Next time. we' II get into the step-by
step procedure for assembling simple,
inexpensive 2: I ban dwidth DLPs for
20- 15- lOm. single band LPs for 40m
or 20m, and 40m or 80m vert ical
monopoles. fa

CIlLENDIIII [UINTS
conruue-djrorn page 41

Televi s io n Socie ty will hold its BRATS
Mary land Hamlest and Computer Fest on
Sunday. July 27th , at the Timonium
Fai rgrounds. York Rd . 0 11 1-695 , 1-83.
Directions: Take 1-695 (the Baltimore Beltway)
to Exit 24 (1-83 North). From 1·83, take Exit 17
(Padonia Ad. East). then turn right at the 3rd
traffic light onto York Rd. Continue south on
York Ad. to the Fairgrounds entrance. You can
also take the MTA Light Hail to the Timonium
Park. & Aide stop, or park. in the Timonium Park
& Aide lot on Deereco Ad. Talk-in on the
147.03(+), 145.13(+), 224.96 and 448.325
MHz rp trs. Grounds open for tai lgat ing at
6 a.m. Building opens at8 a.m. Accessible to
the hand icapped . Vendors can setup
beginning at 2 p.m. on Saturday. Admission is
$6 per adult, children under 12 free .Tailgating
spaces are $10 each, first come , first served.
No advance reservations for tailgating spaces.
VE exams will be given at 9 a.m. only; check
in is at 8:30. Pre-registration is required. To
pre-register call John Creel WB3GXWat 301 
572-5124, after 6 p.m. For further info see the
Web page at [http://www.bratsatv.org!: E-mail
[hamfesl @bratsatv.org]: call or fax 410461 
0086:orwrite BRATS Hamfest, P.O. Box 5915.
Baltimore MD 2 1282-59 15.

ContiJl ued on paye 61
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ALFARATA, PA Juniata Valley ARC Hamfest,
6:30 a.m. General admiss ion. 8:00 a.m .
Morning and noon lood items ava ilable.

Yes, I Built Sixteen
Log Periodic Antennas!
continued j rom page 2 7

Say You SlIW It in 7J!

Hosfelt Electronics. Inc .
2700 Sunse t Blvd.
Steubenville . OB 43952
1-800-524-6464

All Electronics Corporation
905 S. Vermont Avenue
Los Angeles, CA 90006
1-800-826-5432 III

Parts sources

Performance

Although it cannot compete with the
best magnet ic headphones that exist, it
performs well. The strongest local AM
stations can easily be heard. and some
times on a good. night more distant
ones can be heard. too.

Now Hear This!
conrinuedjrom page 19

diaphragm touching the na il head .
Th is is easier than you may think. A
piece of cork gasket mate ria l was CUi

to fit on the piece of wood with the
protruding nail head. Before gluing in
place check the clearance with the
magnet attached . It may be necessary
to file down the nail head a little more
to gain clearance. A few finishing
touches : ( I) Glue a piece of circuit
board to the back and solde r the #32
wire leads. (2) Fabricate a covering for
the diap hragm from wood or alumi
num with a 1/2" hole in the middle ;
make a spacer of thin cardboard (ap
proximate thickness of two index cards)
to go between the covering and the dia
phragm edges: secure with screws in
the four corn e rs . Congra tu lati on s !
Your home-brew magnetic headphone
is complete. Have fun!

obtain resonance. Three se ts of full
size tuned radials for each band are
provided with the antenna.

The M aldol mo nobander antenna
is the si mplest. smallest. and least
frilled of all the antennas I used. Sev
eral have experimented using two of
these as a rotata ble dipole . with
some real success. fa

This one is only suited for the higher
ban ds due to the rear mast height. The
vertical DLP will usually have a lower
angle of radiation than an equivalent
horizontal DLP. It wi ll generally no t be
too good for short- haul on 20m or
15m. but might be bette r on longer,
multihop c ircuits. The one tested he re
worked extreme ly well on 10m.

Being vertically polarized. it is marc
subject to man-mad e QRM. This type
is only suggested as a space saver or
possibly for mounting on the roof of a
building where length may be avail
ab le but wi th insufficient width for a
four-mast horizontal DLP.

Fig. 8 illustrates a single band verti 
cal monopole LP using ground radials
suited for a 40m or 80m beam.

The advan tage of the monopole is
that only a single high rear mast is re
quired (which might be the tower for a
rotary beam), plus a shorter wood pole
for the forward mast. As the vertica l
radiating elements are only 1/4/.. the
rear mast can be approximately one
ha lf that required for a vert ical DLP.
Fig. 7, for the same frequency. A rear
mast height (for Fig. 8) of 15.24m
(50') is required for 40m; 22.87m (75 ')
fo r 3.8-4.0 M Hz; or 24.39m (80 ') for
3.5-4.0 M Hz.

The disad vantage is that at least 30%
more antenna wire is required for the
monopole LP using ground radials,
compared with a DLP.

A vertical beam of this type should
have an open area in the di rection of
the beam. Aiming toward a hill . heavy
wooded area. etc .. should be avoided
due to its low angle of radiation. From
the tests made here , a two- or three
story dwelli ng in the beam's pa th
seems to give about 5 dB attenuation.
No doubt the plumbing. electrical wir~
ing, or a ir conditioning ducts eithe r
resonate or give suffic ient screening to
cause this attenuation. It is therefore
suggested that vertical beams he used
only on open terrain having good
ground conductivity. Avoid trees or

----------------1 other obstacles in the path of the beam.
The ideal location for a vertical

beam of th is type would be at a coastal
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