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June 2010 = Vidalia, LA = 3905 Century Club Mobile Shootout - 1% Place
October 2010 = Indianapolis, IN = Indy-Radio Club Shootout - 1° Place
August-2011 = Taos, NM--- ARRL Rocky Mountain Gonvention-Shootout - 1* Place

August 2011 = Onalaska, Wl —Mississippi Valley ABA Shootout - 1°. Place
September 2012 — Onalaska, Wl — Mississippi Valley ARA Shootout - F Place

September 2013 — Onalaska, Wl = Mississippi Valley ARA Shootout - 1 Place







Use the proper size
Wire and Type Cable Routing:

Generally accepted current ratings: Routing through firewalls
Is more difficult in most
10 Amps18 gauge cases.

15 Amps .......14 gauge

20 Amps .......12 gauge Puts your wiring too close

30 Amps .......10 gauge to ignition wiring and other
8 gauge automotive circuits.
6 gauge
4 gauge Better to route under chassis
2 gauge and use factory knockouts to
1 gauge enter vehicle. Weatherproof
0 gauge fittings available a Lowe's, etc.

NEVER use solid gauge wire in any mobile installation. Check out your local
welding supply outlets or Tractor Supply for super- flexible cabling.

Always fuse both leads as close to the battery as possible
Consider using circuit breakers (available on eBay.com - $10/ea. for 80 amps)

Anderson Power Pole connectors facilitate easy installs
Use with West Mountain Radio or MFJ Distribution boxes




80 Amp Circuit Breaker

(Other Sizes Available)

Available on eBay for $10.95
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NEVER use a solid center conductor coax in any mobile installation
RG-8X is the best solution for 95% of all mobile installations

RG-8X will handle full legal limit with the short runs in a mobile

RG-8X comes in many flavors — some are good and others are

not as well suited for mobile operations (some are NOT very flexible)

Flexibility becomes even more important as will be seen in the
Common Mode Choke discussion later in the presentation




How does the noise manifest itself?

Is it in cadence with the engine or wheels?

Is it more than the radio’'s noise blanker can handle?
How do | find the source?

Once the source is identified, how do | cure it?




How do | find the source?




~ The “Sniffer”

Two or three 1” diameter
turns of #14 enameled wire &=
creates a horrible antenna with B
|de bandwidth for “Smffmg” out noise EEEE—




Mount it in the best location possible — higher is better

In the case of center loaded antennas, make sure
the coll is above the roof line and clear of metal objects

Make sure shunt coils are away from body sheet metal




Bigger is badder...| mean better
Mobile antennas are ALWAYS a compromise

Resonate your antenna

Match your antenna to your coax (50 ohms)
In most cases a shunt coil is the best way

Shunt coils can quiet down a noisy antenna due
to their inherent DC grounding attribute




Matching with a Shunt Coill




Matching with a Shunt Coill




“A vehicle is not a ground plane. Rather it acts like a
capacitor between it, and the surface under the vehicle
which is the true ground plane. Since the surface in
question is a poor conductor of RF, ground losses occur.”
- Alan Applegate, KOBG

Any antenna should be attached in such a way to
maximize the capacitive coupling to ground. The key
phrase here is: it is the metal mass directly
under the antenna, not alonq side, that
counts!




A mobile vertical antenna is %2 of the antenna. The missing
half is hormally made up using radials — not possible in

a mobile HF installation, so we rely on the mass of the
vehicle and the capacitive coupling of the vehicle to the
surface under it.

Get a firm grasp on this concept, for it is
the single most important take-away from
this presentation




It is the metal mass directly under the
antenna, not alonq side, that counts!

20 Ay

Which capacitor above offers the highest capacitance
or coupling between the wire leads?




- Ground Mounted Vertical

~Radials
/




- Ground Mounted Vertical

B et PN

Radials
/




It is the metal mass directly under the
antenna, not alonq side, that counts!

Again, which capacitor above offers the highest capacitance
or coupling to ground?




Cap Hats can make a huge difference
Best Is a solid metal, 8 foot in diameter disk, at least
60” above your main coil, but not practical for mobile

Cap Hats mounted 2 feet or less above main coil
degrade over all performance — 60" above is optimal

Most use a 3 or 4 leaf clover configuration at least 3 or 4
feet in diameter

Examples




More Loading
Add-On Inductors

Will your current antenna be
able to support the additional mass?

More Length
Add-On Masts and longer Whips




(NOT the same thing)

Ground ALL of your Ham Radio apparatus to the
chassis of the vehicle - use a minimum of 3/4” wide braid

Bond doors, hood, trunk lid, hatch back, etc using a
minimum of 3/4” wide braid at the hinges.

Bond vehicle body to the frame at multiple locations




(NOT the same thing)

Bond pickup truck bed to the frame

Bond engine block to the frame in at least one additional

location — more is better

Bond exhaust system at multiple points to the frame
Exhaust System bonding will tend to help eliminate noise
on receive as the exhaust pipe acts like an antenna and
broadcasts ignition noise to your receiver.




(NOT the same thing)




(NOT the same thing)




From an RF standpoint, the resulting ground plane is
wholly inadequate, and as a result the ground plane
losses are high.

It should be clearly evident then, that minimizing

ground losses are important, both from an efficiency
standpoint, and in curbing both ingress and egress
RFI. IS one way to do this.

Improper antenna mounting is the number one cause
of unwanted Common Mode Current!




What are Common Mode Currents?

“Almost without exception, all RFI ingress problems are
caused by one of two scenarios. First, iIs common mode
current flowing on the outside of the coaxial feed line. The
second cause Is inadequately choked motor control leads.
Both scenarios are exacerbated by poor antenna mounting
ana/or location resulting in excessive ground plane losses.”

- Alan Applegate, KOBG

For some real insight into Common Mode Currents, what
they are and what the causes are, please visit:
http://www.w8ji.com/verticals and_baluns.htm




Question: How many independent conductors at RF
frequencies do we have in a coaxial cable?

One
Two
Three
Four

Answer: C. Three
- The Center Conductor
- The Inner Surface of the Shield
- The Outer Surface of the Shield




Note: The RF current that flows on the outer surface of
the shield is independent of the inner shield current.

This is so, because at RF frequencies, the
current penetrates very little inside the
conductors. This is called SKIN EFFECT.

Note also that the SWR only applies to the inner shield
currents and center conductor. The SWR is independent
of the outer shield currents.




Question: What should be the maximum amount of
current allowed on the outer surface of your coax feed line?




http://iwww.w8ji.com/bulding a.current- meter.htm

A 100ua
|

=) Meter

T1 T157-2 Core wound w/20 turns

C1, C2 - .001uf disc capacitor
D1 1N34

R1 100 Q

R2 - 50k Q:Potentiometer
R3 47k Q

Meter - 100uA




Current - Carrying
Conductor

l

% See text

SENSITIVITY  T-

Figure 1—Schematic of the RF current probe. Unless otherwise specified, resistors are
1+ W, 5% tolerance carbon-composition or film units. Part numbers in parentheses are
RadioShack. Equivalent parts can be substituted.

C1—0.1 pF disc ceramic (RS 272-135). M1—0-1 mA or greater sensitivity; (an
D1-D4, incl—1N34 germanium diode RS 22-410 can be used without the
(RS 276-1123); do not use silicon series multiplying resistor supplied as
diodes. it'sa 0-1 mA movement meter.)
L1—Single turn of #14 wire through a R1—Panel-mount pot, 100 to 500 Q;
snap-on ferrite choke (RS 273-105); 10-turn pot used here.
see text. Misc: Enclosure, knob, hardware, |
adhesive. 05+




MFJ-8353 MFJ-854

CLAMP-ON RF CURRENT METER RF CURRENT METER

MFJ-853 MFJ-854
Price: $59.95 Price: $110.65




Suppression Materials

=L

100
Frequency (MHz)

Now, let's look at some real world testing







This is the
test fixture
that Allen,
KC70,
designed to
check the
spectrum
blocking
ability

of some
unknown
toroids.

From QST
Feb 2012
“Hints and Kinks™

MFJ HF/VHF SWR ANALYZER ,

1.8-170 MHz

With-only a 50 ohm resistor
across the output, the Analyzer
will show a 1:1 SWR at 50 ohms
on most frequencies.

With a wire shorted across the
output, the Analyzer will show
infinite SWR at @ ohms on
most frequencies.

Winding this wire on the Toroid in
guestion will show the effectiveness
of the Toroid under test. Run through
a range of frequencies to see where
it is most effective. Of course the
goal is to find a Toroid that makes the
wire look like an open circuit as if the
wire was not even there.




The best way to control common
mode currents is with-a choke.
You can use the same type of
choke that you use for the motor
control leads. That is, mix 31
split beads, and preferably the
3/4. 1D units.. They can be
purchased from DX Engineering
and others. These will allow 6 to
7 turns of RG58, and 5 to 6
turns of RG8X (as shown in
photo). Note that the coax is not
tightly wound around the choke.
In this case, the diameter is
about 3 inches. Any tighter, and
the core could migrate and
cause a short.

Now, let's look at some real world testing




Type 31 Bead for motor control leads

File Functions Calibrate Setup Markers Bands  Lltilities Help
Custom Cal
Resonant freq: 81278
' 3
Freq = 10.44767

Freq Step = 0.01000
o= 50.000

SWR = TT7.716
Imag = 3755.042
Theta = -14.904

Refl Coef = 0975
% refl power = 95.0

Equivalent Circuit:
Rs = 3628.709

Xs = -965.819
Q=03

Cs= 15773 pF
Rp = 3885.772

Xp = -14599.355
Cp= 1.043 pF

IE..I @!'@B _ FILES:

4170 custom cal 7 inch jumpers

Oct16, 10 20:57:25 Refresh | Recycle | Save Recall Print | Exit | ML R i R
Reference Z=50 +j0

Marker Freq SWR Rs xs “mag

[ 1] 1.900000 61.9619 987.474 1443.079 1748.594 55.617
[ 2] 3.800000 64.9008 2226.866 1505.507 2688.026) 34.061
[ 3] 7.200000 70.6145 3475.390 436.479 35h02.942 719
[ 4] 10.100000 75.9287 3627.487 -f82.780 3710.985 12077
[ 5] 14.250000 ©4.1551 2861.767 -1962.421 3469.987 -34.440
[ 6] 18.150000 95.3377 1869.279  -2324.763 2976.817 -51.348
[ 71 21.300000 99.0000 1259.217  -2240.048 2569.716) -60.658
[ 8] 24.930000 99.0000 810.909 -2010.731 2168.090 -68.037
: [ 9] 28.500000 99.0000 530.838 -1798.317 1875.029 -73.554

Oct 16, 10 20:57:25 #31 type material solid bead with 5 twisted turns for antenna control cable
Scan | Rescan Recycle Point Data Limits Scales Smith




Type 31 Beads X2 with Motor
Control Leads

Antenna Analyzer - AIM 4170 version 700C

File Functions Calibrate Setup  Markers Bands  Ukilities Help
Custom Cal
Resonant freq: 3.8956
| o
2 2

Freq = 3.37403
Freq Step = 0.01000
Fo = 350.000

SWR =130.037
Imag = 6419165
Theta= 9.145

Refl Coef = 09385
% refl power = 97.0

Equivalent Circuit:
Rs = 6337572

H= = 1020226
Q=02

L= 481246 uH
Rp = 6501 808

Xp = 40388.766
Lp =1905.1609 uH

B e P S TE e S P P TP e
i e e e g e e i i e i mm

FILES:
4170 custom cal 7 inch jumpers

Oct 15, 10 08:35:06 Refresh | Recycle Sawve Recall Print | i HI gl ranR ey
Reference Z=50 +j0

Marker Freq SWH Rs ®s [Zmag

1.900000 99.0000 3831.185 3222.866 5006.480
3.800000 99.0000 6341.077 98.076 6341.836

7.200000 99.0000 4709.891 -1997.164 5115.832
10.100000 395.0000 3901.685  -3114.077 4992.055
14.250000 959.0000 2182.239  -3396.339 4036.989
18.150000 93.0000 1165.078 -2990.044 3209.014
21.300000 95.0000 741.234  -2606.154 2709.514
24.930000 93.0000 438.262 -2222.43% 2265.235

28.500000 959.0000 277.036 -1934.146 1953.886

. | -10008—-100
Oct 15, 10 08:35:06 #31 two beads in series for antenna control wire

Scan | Rescan [ Recycle Point Data Limits Scales [ Halt




Type 31 Beads X3 with Motor
Control Leads

Custom Cal

3

Freq = 2 69574
Freq Step = 0.01000
Zo = 50.000

SWR = 178.450
Imag = 8623.007
Theta= 8.562

Refl Coef = 0989
% refl power = 97 8

Equivalent Circuil:
Rs = 8724 687
X=s =1313.503
a= 02

= 775486 uH
Rp = 8922 435

Xp = 59265528
Lp = 34990074 uH

AR | PR PR SY  S P |

4

FILES:
4170 custom cal 7 inch jumpers

Oct15, 10 08:48:20 Refresh | Recycle Sawve Recall i bt L
Reference Z=50 +j0

| Marker Data

Marker Freq SWR Rs Xs |Zmag

[ 11 1.300000 99.0000 6324.205 4252.094 7620.753
[ 21 3.800000 99.0000 ¥333.182 -2173.496 7648.506
[ 3] 7.200000 99.0000 4952.489 -2730.645 5655.402
[ 4 10.100000 99.0000 3855.734  -3778.595 5398.561
[ 5] 14.250000 99.0000 2050.139  -3750.717 4274.453
[ 6] 18.150000 99.0000 1072.744  -3218.050 3392.142
[ 71 21.300000 99.0000 667.045  -2797.450 2875.879
[ 8] 24.930000 99.0000 379.710  -2377.782 2407.909

[ 9] 28.500000 99.0000 226.457 -2069.251 2081.605%
| -10008—-100
Oct 15, 10 D8:48:20 #31 three beads in series for antenna control cable

Scan | Rescan Recycle Point Data Limits Scales Comment Halt




ﬁ Antenna Analyzer - AlM 4170 version 700C
File Functions Calibrate Setup  Markers Bands  Litiities  Help

Custom Cal
Resonant freq: 4.2579

¥ 3

Freq = 3 66473
Freq Step = 0.01000
Zo = 50.000

SWR = 91.645
Imag = 4541 332
Theta = 7.664

Refl Coef = 0978
% refl power = 95.7

Equivalent Circuil:
Rs = 4500.770

Xs = B605.616
a=01

Ls= 263012 uH
Rp = 4582 260

Xp = 34054.085

Lp = 1478.9297 uH

1
26.00 i FILES:
4170 custom cal 7 inch jumpers
AlM_default.cfg

| FREQ (5.00 MHz/div)

Oct 14,10 18:26:46 Refresh | Recycle Recall Print | Exit |

Reference Z=50 +j0

Marker Freq SWH Rs s q

| [ 11 1.900000 98.7402 2694.324 2457.923 3647.022
[ 2] 3.800000 91.0598 4508.796 446.350 M530.836
[ 3] 7.200000 81.4983 3700.781 -1176.588 3883.315
[ 4] 10.100000 #85.2878 3217177 -1835.335 3703.874
[ 5] 14.250000 90.8282 2247.201 -2270.305 3194.401
[ 6] 18.150000 96.4486 1527.570 -2243.083 2713.834
[ 71 21.300000 99.0000 1122.097 -2090.656 2372.751
: [ 8] 24.930000 99.0000 798.184 -1892.102 2053.570
[ 9] 28.500000 99.0000 581.699 -1683.151 1780.834

PR - EEX|

Oct 14, 10 18:26:

Scan

wn Ankenna Analy




Type 77 Material with
Motor Control Leads

(Not even close to the choking
capabilities of Mix 31)

Custom Cal

Freq = 652326
Freq Step = 0.01000
Zo = 50.000

SWR = 35912
Imag = 1494 047
Theta = -33.659

Refl Coef = 0.946
% refl power = 89.5

Equivalent Circuil:
Rs = 1243.5T1

X= = -828.075
a= 07

C=z= 29464 pF
Rp = 1794973

Xp = -2695.623
Cp= 9051 pF

SENSSENNEE TSN RN TR SRR S

FILES:
4170 custom cal 7 inch jumpers
Oct 15,10 07:50:35 Refresh | Recycle Save Recall Print I Exit | TR RIARIE AT

Reference Z=50 +j0

Marker Freq SWR Rs Xs |Zmag

[ 1.900000 50.4901 2253.228 -781.649 2384.955
3.800000 42.7273 1610.383 -920.010 1854.667
7.200000 35.0377 1189.325 -817.474 1443.176
10.100000 33.6831 1020.705 -822.316 1310.741
14.250000 32.6702 B02.727 -815.857 1144.549
18.150000 32.1410 639.950 -785.743 1013.374
21.300000 31.7787 539.633 -751.391 925.091
24.930000 31.6519 442.938 -709.223 836.176
28.500000 31.7796 363.553 -666.019 758.783

-10008—-100
Oct 15, 10 07:50:35 FFT 2.5 inch toroid continuous wound

Scan | Rescan Recycle Point Data Limits Scales Comment Halt




Type 31 Beads X10 with
RG-8U Coax

Custom Cal Imag
Resonant freq: 23.0477
1 1

Rp,¥p  Theta

2 3 5000 | 100

! ' | ! | | ! : 1 Freq = 29 48837

i G H 1 H 1 ' H Freq Step = 0.01000
| | | | ! Zo = 50.000

SWR = 38.896
Imag = 1864_273
Theta = -16.533

Refl Coef = 0950
% refl power = 902

Equivalent Circuit:
Rs = 1787.200
Xs = -530.501
Q=03

Cz= 10174 pF
Rp = 1944 670

Xp = -6551 384
Cp= 0.824 pF

FILES:

| 4170 custom cal 7 inch jumpers
Oct 15,10 20:09:13 Refresh | Recycle Save Recall Print ‘ i AN defabic.L 1y

Reference Z=50 +j0

Marker Freq SWR Rs xs Zmag

[ 1] 1.500000 18.3802
[ 2] 3.800000 19.5061

[ 3] 7.200000 21.9035
[ 4 10.100000 25.4242
[ 5] 14.250000 29.4526
[ 6] 18.150000 32.6543
[ 7] 21.300000 34.7413
[ 8] 24.930000 36.5438
[ 9] Z8.500000 38.3437

362.433 447.446 575817 50.993
616.079 469.457 774.560 37.308
813.912 477.789 943.787 30.414
983.481 531.424 1117.876 28.385
1277.770 498.653 1371.624 21.318
1554.574 348.364 1593.129 12.631
1724.809 145.335 1730.922 4.816
1812.832 -162.953 18200141 -5.136
1801.368 -456.594 1858.334 -14.223

Oct 15,10 20:09:13 #31 material ten beads on 18 inch piece of Beldin coax

Scan | Rescan Recycle Point Data Limits Scales Comment




RG-213U Ugly Balun

Custom Cal Zmag
_Reszonant freq: 9.3428 Az X= Theta
1 10000 20
Freq =1
Freq Step = 0.100

Zref= 54.000
SWR = 572.449
Zmag = 106.448
Theta = 89.752
Refl Coef = 0997
% refl power =993

beglogislosglos s Figliy =,

Equivalent Circoit-
Rs = 0.461

Xs = 106.447
a=2:

Ls= 169416 uH

+ FREQ (1.00 MHz/div)

alligator clip to pl-259_ acj
_AlIM_defauit.cfg

‘5 Marker Data

Jul 8, 11 12:46:47 Refresh | Recycle Save Recall Print
Reference Z=54 +j0

Marker Freqg SWHR Rs x5 Zmag Theta

[ 1] 1.302000 359.0000 1.620 206.195 206.201 £9.550
[ 2] 3.902000 99.0000 7.336 475.518 475.574 89.117
[ 3] 7.178000 99.0000 115.627 1572.673 1576.918 85.795
[ 4] 14.072000 87.549 1021.781  -1945.328 2197.348 -62.290

Jul 8, 11 12:46:47




Type 31 Snap-On Beads and
RG-8X Coax

File Functions Calibrate Setup Markers Bands  LUiiities Help

Custom Cal
Resonant freq: 104449

Freq = 14.66279
Freq Step = 0.01000
Fo = 50.000

SVWR 26.736
Imag = 2619.396
Theta = -22.568

Refl Coef = 0.965
% refl power = 932

Equivalent Circuit:
Rs = 2418.810

XK= = -1005.287
Q=04

Cs= 10797 pF
Rp = 2836 620

Xp = -6825.156
Cp= 1.590 pF

VIl ;_i ; FILES:
_l! | 34:3_ ] 4170 custom cal 7 inch jumpers

Oct 15,10 21:34:39 Refresh | Recycle Save Recall Print | Exit | Rl du o afy
Reference Z=50 +j0

Marker Freq SWR Rs Xs “mag [heta

[ 1] 1.900000 52.1360 345.798 882.997 948.293 68.614
[ 2] 3.800000 49.2788 1235.107 1231.460 1744.128 44.915
[ 3] 7.200000 44.3586 2075.230 544.033 2145.355 14.690
[ 4 10.100000 48.7385 2434.096 82.991 2435.511 1.953
[ 5] 14.250000 55.7480 2438.429 -922.292 2607.021 -20.718
[ 6] 18.150000 65.6520 1871.223 -1624.784 2478.185 -40.968
[ 7] 21.300000 75.7391 1267.496  -1786.544 2190.499 -54.646
[ 8] 24.930000 89.5387 745344  -1667.104 1826.137 -65.911
[ 9] 28.500000 99.0000 448.482  -1471.026 1537.873 -73.045

Oct 15,10 21:34:39 #31 type two 750 inch split beads with 4 passes on each end of 6 ft jumper
Scan | Rescan Recycle Point Data Limits Scales Emith Comment




ﬁ Antenna Analyzer - AlM 4170 version 700C

File Functions Calibrate Setup Markers Bands  Litilities  Help
File: #31 material 2.5 inch toroid ten furns split wound of 303 coax 111 10 scnom Cal
Resonant freq: 7.3070

3

-

CUSTOM CAL

Nov 2, 10 19:23:53

Scan

Marker
[ 1
[2
[ 3]
[ 4
[ 5]
[ 6]
[ 7]
[ 8]

T
Nov 2, 10 19:23:53
Reference Z=50 +j0

Freq

1.825000

3.810000

7.155000
14.225000
18.055000
21.300000
24.450000
28.955000

4

SWH

F7.0110

76.7517

78.2385
87.2734
92.5012
95.5298
96.7297
98.5452

5

Rs

1562.481
3153.239
3910.449
3281.017
2470.692
1874.807
1434.716
1014.256

BEE)

Save Recall Print ‘ Exit

|

s mag

1890.359 2452.509
1468.831 3478.560
7h.621 3911.180
-1884.555 3783.731
-2306.860 3380.225)
-2332.075 2992.235)
-2208.803 2633.860
-1991.680 2235.063

50.425

24.977 _
1.108 - Crossover pointJto-J

-29.872
-43.036
-51.204
-56.995
-63.013

Rescan

Recycle

#31 material 2.5 inch toroid ten turns split wound of 303 coax 11110

Point Data

I

Limits Scales

Comment

Freq = 10.39922
Freq Step = 0.01000
o= 50.000

SWR = 82.566
Imag = 4008159
Theta = -13.854

Refl Coef = 0.976
% refl power = 95.3

Equivalent Circuit:
Rs = 3891 .555

Xs = -859.756
G= 02

Cs= 15946 pF
Rp = 4128256

Xp = -16738 978
Cp= 0914 pF

FILES:
cutom cal 1-51 mhz 1028 10 ac:
AIM_default.cfg
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Type 31 Toroid and RG-303/U- Coax

EE&X

¥ Antenna Analyzer - AIM 4170 version 700C

Utilities  Help

Bands
File: #31 material RG-303 coax 4 solid beads bonded together .

Calibrake  Setup  Markers
Resonant freq: 69361

File  Functions

Custom Cal

SCN

50.000

Freq Step = 0.01000

Freq = 981783
Zo

73.704
3507 962
17.840
=08973
=947

Imag =
Theta = -
Refl Coef

SWR

% refl power

15.084 pF

3685.151
Xp = -11450.731

Cp

1074 674

Equivalent Circui:

Rs = 3339.293

Xs
G=03

1.416 pF

Rp

cutom cal 1-51 mhz 10.28_ 10 ac:

Al_default

cfg

—-100

31 material toroid

2500 ——50

Four 31 material beads bonded

-5000-—

#31 material 2.5 inch toroid ten turns split wound of 303 coax 11.1.10

Movw 3,10 21:48:55

Comment

Point Data

Rescan




Marker

Data

Oct 15,10 21:47:43
Reference Z=560 +j0

Marker

[ 1]
[ 2
[3]
[4
[ 5]
[ 6]
[ 7
[ 8
[ 9]

Freq

1.900000
3.600000
7.200000
10.100000
14.250000
18.150000
21.300000
24.930000
28.500000

SWR

§0.8962

73.9852

62.0839
69.9851
83.7009
97.9229
99.0000
99.0000
99.0000

Rs

619.300
2631.542
3036.954
2756.535
1514.215
760.601
460.515
281.652
184.830

Type 31 Snap-On Beads X4 on
RG-8X Coax

Custom Cal

Refresh

Recycle

Save Recall Print ‘ Exit |

Xs

1455.782
1676.016
-451.838

-1430.667

-2010.625

-1772.960
-1514.863
-1266.519

“mag

1582.035
3119.943
3070.382
3105.687
2517.034
1929.223
1583.314
1297.459

-1082.561

1098.226

66.955
32.493
-8.462
-27.430
-53.017
-66.781
-73.091
-77.463
-80.311

Freq = 463372
Freq Step = 0.01000
Fo = 50.000

SWR = 69.595
Imag = 3314.789
Theta= 17.716

Refl Coef = 0.972
% refl power = 94 4

Equivalent Circuit:

Rs = 3157.599

X= = 1008.659

G= 03

Ls = 346445 uH
Rp = 3479.804

Xp = 10893.504

Lp = 3741604 uH

FILES:
4170 custom cal 7 inch jumpers
AlM_default.cfg

#31 type FOUR 750 inch =plit beads with 4 passes on each end of 6 fi jumper
Point Data Limits Smith

Oct 15,10 1:47:43

Scan | Rescan Recycle Scales Comment




Type 31 Toroid X2 with
RG-8X Coax

¥ Antenna Analyzer - AIM 4170 version 700€
File Functions Calbrate Setup Markers Bands  Lkiliies Help
Cusiom Cal
Resonant freq: 3.8635
] 2 3

FILES:
M S cutom cal 1-51 mhz 10_2&_10_ac:

'Ef[ﬁ'@i Al default.cfg

Print | Exit |

¥ Datz
Nov 4, 10 23:17:05 Refresh | Recycle Save Recall
Reference Z=50 +j0

1

Marker Freq SWR Rs Xs Zmag Theta

[ 1] 1.825000 99.0000 2841.968 2457.560 3757.178
[ 2] 3.810000 95.4104 4769.267 77.344 4769.894

[ 3] 7.155000 88.2911 3327.166  -1901.923 3832.407
[ 4] 14.225000 B87.5543 1534.006 -2088.214 2591.103
[ 5] 18.055000 80.4657 1019.467  -1889.482 2146.974
[ 6] 21.300000 30.9905 748.577 -1686.183 1844.880
[ 7] 24.450000 90.5774 576.407  -1508.657 1615.021

[ 8] 28.955000 B89.3415 415.866 -1297.110 1362.145

Nov 4 10 23:17:05 31 material two 2.4 inch toroids stacked mini 8 coax used

Scan Reszcan [ Recycle Point Data Limits Scales | Comment




A Comparison

Blue Line — Type 31 Toroid X2 Stacked with RG-303/U Coax
Green Line — Type 31 Toroid X2 Stacked with RG-8X Coax

File: Two 31 material 2.4 inch toroids 10 turns RG-303 coax 11.510.scn  Custom Cal Imag
Reszonant freq: 3.6786 Rp,
i 7 T i

Theta
10000] 100

Twiga 3'1 material t'oroids RG-SOS coa:x
L : : : :

Note: scale at 10K /

Freq = 3.37403
Freq Step = 0.01000
Fo = 50.000

SWR =145.225
Imag = 7229.518
Theta = 5.358
Refi Coef = 0.986
% refl power = 973

Equivalent Circuit:
Rs = 7197 926
Xs= 675123
Q=101

Ls = 31.8459 uH

Rp = 7261 249
Xp = 77416880

Lp = 3651 7978 uH

Marker

[
[2
[3]
[ 4
[ 5]
[ 8]
[7
[ 8

CUSTOM CAL

Freq

1.825000

3.810000

7.155000
14.225000
18.055000
21.300000
24.450000
28.955000

Mov b, 10 12:29:08
Reference Z=50 +j0

SWR

99.0000

99.0000

99.0000
99.0000
99.0000
99.0000
99.0000
99.0000

Rs

4463.876
7194.742
4668.202
2095.750
1429.375
1068.348
836.817
620.594

RecaIIJ Print ‘

Exit

Xs

3675.419
-220.807
-3008.506
-2962.651
-2655.920
-2376.887
-2127.027
-1843.657

Zmag Theta

5782.292
7198.130
5553.667
3628.976
3016.127
2605.946
2285.7117
1945.304

Mov 5,10 12:29:08

Rescan

Recycle

31 material two 2.4 inch toroids stacked mini 8 coax used

Point Data

Scales

Comment

FILES:
cutom cal 1-51 mhz 1028 10 ac:
AlWl_default.cfg

-10008—-100

Halt




11 Current
Choke

Available from
Scorpion
Antennas

$50
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Nice-To-Haves

(Operating Conveniences)




Test Gear

L/C Meter |IB

ZERO
INDUCTANCE

Short circuit test leads
CAPACITANCE

Open circuit test s
PUSH & HOLD

Until disglayziﬁ &
MODE SEE- =

With Lx and Cx out

Push ZERO/MODE

Y

L3

|-|_rUlmost All Digital Electronics

Inductance/Capacitance Meter

L/C-Meter lIB from:
Almost All Digital Electronics

http://www.aade.com/

Will provide a more precise way
to build a Shunt coil at the correct
value.

Kit: $99.95

Pre-Built: $129.95




Test Gear

MFJ HF/VHF SWR ANALYZER
530 KHz - 230 MHz .
MODEL MFJ-259C

| GA
IMPEDANCE &
FREQUENC':' MHz
g7-113 28-67
g Ly
% L3 + LOWER
RANGE

' el
« * 05310

MFJ-259C/269
$269.95/$334.95

Antenna Analyzers

RigExpert AA-600
$584.95

AIM4170B
POWER E.

ON-OFF

PalStar ZM-30
$39T.OO




Test Gear

RF Ammeter
1.8 - 30 Mhz

MFJ-834

MFJ-834 RF Ammeter
$79.95

PALSTAR PM2000AM Mobile SWR Meter
$199.95

L MFJ-819 L
Peak Reading SWR/Wattmeter

MFJ-819 Mobile SWR Meter
$159.95




Test Gear

KC4YBO

Watt's Up Watt Meter Model WU100
$59.95

tp://www.rc-cars-planes.com/buy-products.html

Upto 60 vdc and up to 50 amps continuous

Low Loss PWRGate by KIOBK
$49.00

http://kiObk:no-ip.com/~pwrgate/L.LPG/Site/\Welcome.ht

Up to 16 vdc and up to ﬁS amps




Screwdriver Memory Controlle

Ameritron SDC-102 / MFJ-1924 $129.95




Screwdriver Memory Controlle

Ameritron SDC-103 $149.95

For lcom Radios

Automatic Screwdriver Antenna
Controller For ICOM™ Radios

POWER




Screwdriver Controller
MFJ-1922B . SDC-103 $109.95

For Any Radio

up

DN

vp B

- Scrowdriver Antenna Controller

MODEL MFJ-1922B

|



Automatic Screwdriver Controller

Tennatronix KTT-1, ITT-1,YTT-1 ~ $300

Available for most Kenwood, lcom and Yaesu Radios

Turbu'ﬁ'uner-z

Auiomatic Socrewdriver
Antonna Caontrallar

g =2 A
*5 !mﬂ Ear Kpowood TE-S807TE ST
' Miodel KTT1 gy copmn




Automatic Screwdriver Controller

West Mountain Radio TARGETuner: = $234.95

For Any Radio — It senses RF and adjusts antenna for best SWR

mmgm




......a small, motor driven
Roller Inductor
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Micro Switches at the ends
of the Roller Inductor, limit travel

A 5042 match at any frequenc%






There are other
Sources; it will just
take some searching




Viking Technologies
http://cardwellcondenser.com/

EF] Mult.  Induck Current  Mountin Crrarall Dimdraions (s
Cat. Ho. Tvipa incs I Ampd Dimendiond () L H Wi

28N MY 10wk 3 MENE 43 MR WA
750M MNBEY 18uh B BISA7 AL M aha2
5N MY MBuk 6 2332 A2 24N LA
NN MAARY dduh B LR, AN 242 TR

m Small Gear Motors, Switches and Controllers

hitp:/Avivw. servocity.com/index.htmi

<0 i} Q %ﬂ

Stepper Mounts Bevel Gears Dongbu Coupler  Bearing Mounts  Connector Plate & Linear Actuators
NEW! NEWT NEW! NEW! NEW! Powerful!




Switched inductors can also work well.
Shown below is an example although used in
a different application

. e . ;
3inary switched inductor chain of the SGC 230 automatic antenna matching vt
nductors are 32, 16, 8.4 2. 1. 0.5, and 0. 25uH, gnving an nductance range () - 63 73uH in
).25uH steps. The largest coils are wound on stacked Amidon (Micrometals) T-157-2
-arbonyl ron toroids. The closed magnetic circuit in these cases prevents couphng to other
roils. Most of the smaller inductors are arranged so that adjacent coils have thewr axes
ipproximately at right angles.




Software:

Air Core Inductor Galculator

There are:many on-line-calculators or'you can dewnload this one:
http://lcbsystems.com/Air%20core%20inductor%20v105.exe

Electronics Assistant:

www.electronics2000.c0.uk/assist/assist.exe

Also check out AD5X's presentation:
“Mobile Ops Hints and Kinks”

http://www.ad5x.com/images/Presentations/AD5XMobileOpsHinisandKinks.pdf
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ands with His

Take a look at the QST
article on page 39 of the
July 2011 issue. ltis a
monoband mobile antenna
optimized for 75 Meters.
The diameter of this main
coil -is much larger than
what you saw in the
previous photo. It all
equates to efficiency, and
efficiency translates into
more enjoyable QSOs .




The author measuring the impedance of his
17 meter band antenna.

Jerry Clement, VEGAB

| designed and built this 17 meter mono-
banderantennato improve the performance
of the 17 meter segment of a 10 through
80 meter gearmotor antenna that I had also
designed and built. My goal was to build
the antenna with components available
from a local ham radio outlet or from the
Internet. You can build this antenna with
basic hand tools and make it look store-
bought, as seen in the lead photo.

Because your vehicle is the other half
of this mobile antenna system, your ve-
hicle may require bonding to improve
the ground plane beneath the antenna.
Bonding may increase the performance of
the antenna system, and may eliminate or
reduce noise in your radio receiver.

A bling the Ant:

[ utilized PL-259 UHF connectors as well
as double female UHF barrel connectors as
part of the coil assembly. This allows you
to make coils for other bands and easily

30 May2014

A Monobander for
Going Mobile on 17 Meters

Construct this elegant 17 meter band
antenna for your mobile operations.

switch them for the 17 meter coil. The coil
form seen in Figure 1 is a composite mate-
rial that has a thread form already in place.
Figure 2 shows the construction details
of the coil form assembly. It comprises
a mast adapter and a whip adapt
from 6061 aluminum, a polycarbonate
Ys-inch diameter coil form core, and a
1-inch diameter nylon coil form with eight
turns per inch grooves. The aluminum
adapters allow you to install PL-259 UHF
connectors at either end of the coil form,
joining it with the mast and whip.

Making the Coll

The coil assembly is the heart of this an-
tenna. Cut the 1 inch diameter rod slightly
longer than 3-inches and true the ends to
the required 3-inch length. Drill a ¥e-inch
hole completely through the center axis
of the rod. Then take the 4-inch length of
the Ye-inch diameter rod and thread both
ends, as illustrated in Figure 2. Make the
1-inch coil form square to the sides using a
flat file and a square. The ends should form
perfect 90 degree angles with the sides.
Take your time and you will be rewarded
with an antenna that stands perfectly
straight.

made

Position the coil form core through the
center of the 1-inch coil form so that the
half-inch threaded ends protrude from
each end equally. Some force may be
required to insert the Vis-inch rod. The
assembly will keep in place without ad-
ditional fasteners. The nylon coil form
supports only the wire, while the polycar-
bonate core is the actual structural part of
the antenna that supports the whip at the
top of the antenna assembly.

Screw a double-ended female UHF barrel
connector into each of two PL-259 con-
nectors at the ends of the coil form. Drill
and tap a single hole through the PL-259
connector at the end of the knurled nut, and
then continue through the barrel connector

just enough to penetrate the shell of the
UHF barrel connector. Don't drill this hole
too deep, as you just need the machine
serew 1o protrude through the knurled nut
of the PL-259, and then through the UHF
barrel connector to lock them together. 1
used Allen drive 6-32 machine screws, al
though 6-32 set screws will work also. You
can see these screws in Figure 1.

With the PL-259 assemblies screwed
in and butted up against the ends of the
l-inch coil form, drill holes for 6-32 ma-
chine screws into the PL-258 adapters to
keep the coil assembly securely fastened
together and to secure the ends of the
wire coil. Don’t drill through the PL-259
into the polycarbonate ¥e-inch rod more
than necessary so as not to weaken it. The
screw placement is not critical; use Figure
1 as a guide.

Wind 24 turns of solid #14 AWG copper
wire (approximately 4 pH of inductance).
Solder or crimp an uninsulated eyelet to
one end of the wire. Fasten the eyelet to
the PL-259 connector at one end of the
coil form. Once you reach the opposite
end of the coil form, determine where to
cut the wire, and crimp or solder a second
uninsulated eyelet on the wire. Fasten that
eyelet in place on the PL-259 connector

with a 6-32 machine screw. Inspect your

Figure 1 — Partially completed coil assembly
attaches on top of the mast and supports the
whip assembiy.

Jerry also had an article in th
May 2014 issue of QST
where he describes how to
build a 17 Meter Monoband
mobile antenna.




coil assembly, and test for continuity with
a multimeter.

I covered the coil assembly with heat
shrink adhesive-lined 3 to 1 shrink-rate
tubing to weatherproof the coil and to
make the appearance pleasing
the right side of Figure 3. The covering
will affect the Q of the coil. Cut the shrink
tube to length, allowing the threaded ends
of the UHF barrel connectors to protrude
at either end of the shrink tube. Once you
slide the shrink tube in place over the coil
assembly, start heating the shrink tube

S SEEN on

from the center of the coil assembly and
working out to the ends using a heat gun.
While applying heat, rotate the coil, mak-
ing sure that the shrink tubing follows the
contours of the coil. Ensure that you have
applied the proper amount of heat to melt
the adhesive, which will be visible at either
end of the shrink whe. Do not apply more
heat than necessary to shrink the tubing so
as not to damage the coil form.

Whip and Mast Adapters
You can purchase ready-made whip and
mast adapters from me, or you can make
them yourself.! For the whip adapter, pur-
chase a stainless steel 1 inch x ¥s bolt
threaded 14 turns per inch for its full
length. Cut the bolt leaving a half inch
under the head that will allow the bolt to
screw into the PL-259 connector. Drill a
hole completely through the center of this
bolt, equal to the diameter of the base of
the whip. Then, drill and tap a hole cross-
ways through the head of the bolt (see
Figure 2) for a stainless steel 8-32 set
screw that locks the whip in place in the
adapter. The whip and the PL-259 connec-
tor are now a quick-disconnect assembly
for your 17 meter antenna.

The mast adapter screws into a PL-259
UHF connector, and attaches to the % inch
by 24 turns per inch thread of the mast.
The adapter attaches the mast to the lower
section of the coil. Form the mast adapter
from 1% long aluminum according to Fig-
ure 2. Make a % inch by 14 tums per inch
thread at one end, and an internal % inch
by 24 turns per inch female thread at the
opposite end.

Whip and Mast
I selected a 54-inch stainless steel whip for
my antenna element, p/n ARS-55WT-54

'Notes appear on page 32.

38" % 24 tpi B
o 3147 —— e 12" Thru Hole

1T
|
1]

v
o 7116 x 14 tpi —

Whip Adapter

a2
[

|I Il |I |I || I

Coil Form Core

Thru Hole

—a)

Coll Form Q51405-Clement02

Figure 2 — Coil form construction. McMaster-Carr parts from www.mcmaster.com, American
Radio Supply parts from www.americanradiosupply.com.

Coil form, Nylon threaded rod, 1" - 8 thread (4) PL-259 UHF-male coaxial connector for
(McMaster-Carr p/n 98831A140) RG-8 (American Radio Supply p/n ARS-

Coil form core, Polycarbonate rod " diam. 1182-RGE)
(McMaster-Carr p/n 857 1K45 (2) UHF double female barrel coaxial adapter

Heat shrink tube, moisture seal (McMaster-Carr connector (American Radio Supply p/n ARS-
p/n TBE1K48) 7517)

=i . & Il '
Figure 3 — Close-ups of (left) optional base spring, and (right) the completed loading coil.
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Figure 4
{right).

from American Radio Supply.? The whip
attaches in place in a PL-2
which becomes a quick-disconnect at the
top of the coil

9 connector,

The lower mast assembly measures 22
inches in length, and with the optional base
spring shown on the left side of Figure 3,
measures 32 inches overall length. You do
not need to use a spring
but having one can save
the antenna from being
damaged. The length
for the mast can vary
depending on the
mounting needs of your
mobile, and the length
will affect antenna reso-
nance. You can purchase a Hustler mast
assembly, p/n MO-4 22 inch mast from
DX Engineering.”

The Antenna on Your Vehicle

Fasten the antenna to your vehicle using
an antenna mount of your choice. You may
need to make some adjustments to your
antenna once you have installed it on your
vehicle. An antenna analyzer connected
up to the feed point of your antenna will
allow you to make the necessary adjust-
ments required more easily, as seen in the
lead photo.

I use a shunt coil with my gearmotor an-
tennas, and [ was pleased to discover how
well the same shunt coil worked with this

17 meter monoband antenna mounted in

32 May2014

Because your vehicle is
the other half of this
mobile antenna system,
your vehicle may require
bonding to improve the
ground plane beneath
the antenna.

A white PVC cover (left) protects the shunt coll assembly

place of my gearmotor antennas. This 17
meter monoband antenna benefits from the
shunt coil, and allows you to operate from
18.068 MHz to 18.168 MHz, without the
need lo retune the antenna.

The Shunt Coil

Shunt coils are easily constructed, and if
you are serious about HF mobile, and high
performance HF mobile
antennas in particular,
you need a shunt coil
as part of your favorite
HF antenna system. My
shunt coil consists of
ning turns of #14 AWG
wire with a %-inch inner
diameter and 1-inch
outer diameter. The coil measures about
| uH of inductance. One end of the coil
connects to the antenna feed point, and
the other end connects to the same ground
used for the coax shield, as seen in Fig-
ure 4. I built my shunt coil on a SO-239
panel mount coax connector, as seen in
Figure 4, and connected it to the T port
of an Amphenol UHF T connector. The T
connector connects in series with the base
of the antenna mast. | enclosed my shunt
coil in a white PVC housing available from
Home Depot, as seen in Figure 4.

Making Adjustments

Once you mount your antenna on your
vehicle, connect an antenna analyzer to
the antenna feed line, and adjust your

shunt coil by compressing or stretching the
coil to get a good match. The shunt coil,
along with a small amount of capacitive
reactance from the antenna, forms a high
pass LC network that transforms the low
impedance of the antenna to the 50 €2 at the
feed line. For further information on shunt
coils, follow the “Antenna Coil Adjust-
ment” link from Alan Applegate’s, KOBG,
web page, www.kObg.com.

The shunt coil also de-grounds your an-
tenna, which may help to save you and
your radio if your antenna were to come
into contact with any live overhead power
lines.

| You can find many detailed construction
photos of the coil on the QST in Depth
web page. — Fd.]*

Closing Remarks

I hope you enjoy operating mobile on 17
meters as much as I do, and if you hear
me while you are using your new 17 meter
mobile antenna, give me a call.

MNotes

"You can order the whip and mast adapters from
Jerry Clement, VEGAB, stormchaser@shaw.
ca.

:'www.amerlcanradiosupply.com

*www.dxengineering.com

‘www.arrl.org/gst-in-depth

Photos by the author.
International ARRL m
VEGAB, has been a li

ber Jerry Clament

ed Amateur Radio op-
erator since 1992, Jerry is a machinist who owns
and operates a machine s where he builds
scale models and makes mobile antennas. Jery
also specializes in automatic conirols for refrig-
eration systems. Currently ha provides technical
support to agriculural clients located throughout
Western Canada. An'HF mobile enthusiast, he
builds mobile antennas and evaluates their per-
formance. He enjoys working through Amateur
Radio satellites with antennas built in his shop.
Jerry is photographer, and when not doing
event work, he enjoys photographing landscapes,
wildlife, and nature scenes, as he explores the
back roads of southern Alberta. You can reach
Jemy at 3812 14 Ave NE, Calgary, AB T2A 7L,
Canada or stormchaser@shaw.ca

For updates to this article,
see the QST Feedback page at
www.arrl.org/feedback.

Did you enjoy this article?
Cast your vote at =
www.arrl.org/cover-plague-poll




fittp:// www.kObg.com/
http://www.ad5x.com/images/Presentations/AD5XMobileOpsHintsandKinks.pdf

http://www.w8ji.com/
http://www.w8ji.com/verticals_and_baluns.htm

Ferrite Toroids & Beads:

http:/www.dxengineering.com/
http:/www.dxengineering.com/Parts.asp?PartNo=DXE-CSB-COMBO

http://www.fair-rite.com/newfair/index.htm

http://www.mouser.com/
http://www.palomar-engineers.com/1_1_Balun_Kits/1_1_balun_kits.html

http://www.scorpionantennas.com/




Use the correct size of STRANDED cable to power your
mobile station

Use RG-58 or RG-8X Coax with a STRANDED center
conductor

Proper antenna mounting position and method can't be
overstated

Ground EVERYTHING & Bond EVERYTHING

Use Mix 31 Toroids and Beads to minimize Common
Mode Currents
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Consultations after this meeting regarding your
particular installation are welcomed.
My fee is $50/hr with a one hour minimum
(waived if you have a Ham license)




