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Summary of Project Build

1” copper tube loop, approx 13’ in length (40" dia)

Russian variable vacuum capacitor 5 — 250 pf

Homemade Arduino (Teensy) based autotuner

Serial cables for ICOM 7300 and Flexradio

Calculated tuning range 5.5MHz to 35MHz
— Actual tuning range 6.2 MHz to 28.4 MHz

Resistance of loop and all connections 0.06 ohms






Some Performance Data

« Calculated tuning range 5.5MHz to 35MHz
— Actual tuning range 6.2 MHz to 28.4 MHz

» Resistance of loop and all connections 0.06 ohms

« Calculated 40M loop voltage at 100W is 4,800V
(cap rated at 5KV)

Calculated 40M loop voltage at 500W is 11,000V




Radio: 14.874.8260 Hz.
Tuned: 14,113,745 Hz:
' SterP: 4.B63 4.868
'Range: 14 Motor:Off
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Some Measurements

SWR Range of 80M Endfed (for comparison)




Some Measurements

SWR Range of Mag Loop Antenna

i New measurement - AntScope
| File Edit View Configure Measurement Help
lDsd 8 0

Range| 14.000 + 14.000 MHz, 50Q points
Z0 = 50.0 Ohm

14.000 MHz




Some Measurements

Actual Bandwidth to 2:1 SWR (11% reflected power)

Frequency (MHz) Min SWR Calc Bandwidth KHz Actual Bandwidth KHz**

7 1.0 5 8
14 1.1 31 25
18 1.2 72 45

21 1.3 140 60




Some Measurements

Actual Transmit Radiation Pattern at 20M (3’ above ground)**

AN

A

 85% radiated within 20° of axis
 45% radiated within 70° of axis

15% radiated (null) at 90 degrees




Magnetic Loop
Transmit Performance
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Measuring Transmit Performance

Weak Signal Propagation Reporter (WSPR)
Provides comparison of multiple antennas coincidently
received at a remote location using identical transmitters

Used (2) WSPRLite 200mw transmitters

— Sends beacon signal containing callsign, grid locator, power level
— Compresses data, 4-FSK modulation, uses FEC, 2 minute cycle

Used to quantify actual transmit performance
Real-time signal reports available on global map



Weak Signal Propagation Reporter PR

e A WSPRnet Activity | Map | Database | Stats | Forum | Downloads

— Weak Signal g ep:

User login

Username * Canada

Password *

NEWFOL

QUEBEC

Frequencies

USB dial (MHz): 0.136, 0.4742,
1.8366, 3.5926, 5.2872, 7.0386, SOUTH.
10.1387, 14.0956, 18.1046, KO}
21.0946, 24.9246, 28.12486,

50.293, 70.091, 144.489,

432.300, 1296.500

Spot Count

324,707,503 total spots
189,357 in the last 24 hours
5,737 in the last hour

Navigation

» Forums

Who's online

There are currently 71 users
online.

WG2XKA

KL7L [

GM4SFW Guatemala

GM4FVM Ao
DF4PV ' Nicaragua
NH7SR s .




KFORQ Trap Vertical / Magnetic Loop
o Comparison Tests




KFORQ Trap Vertical

Fiomiers SB Unique callsign spots

1 hour m 6 hours 1 day 1 week 30 days Menu Help

Spots: K2RAS - 14 MHz - 200mW
Compared to KFORQ - 14 MHz - 200mW

Received by: ® K2RAS @ KFORQ @ Both
Loop  Vertical

K2RAS=Loop (3 ft above ground), KFORQ=Trap Vertical

PLow
. ) ..

Red dots are spots the vertical hit but the loop missed...



KFORQ Trap Vertical Coincident Spots

Spots: K2RAS vs KFORQ - 14 MHz Coincident callsign spots

Limit spot distance / km:

0 £

20040 =
[] Include receivers who report duplicate spots
Trap vertical outperformed I Loop outperformed (3’ above ground)
18
1€
14
12
§ 10
0%8 | |
6
4
2
24 23 22 21 -20 19 18 147 -16 15 14 43 12 11 10 © -8 -7 £ 5 8 9 10 11 12

NR difference (K2RAS minus KFORQ)
261 spots, mean -4.12 dB, standard deviation 7.058 dB




So the trap vertical outperformed the transmit

loop, lets try to dig deeper into why...




KFORQ Trap Vertical

Fiomiers SB Unique callsign spots

1 hour m 6 hours 1 day 1 week 30 days Menu Help

Spots: K2RAS - 14 MHz - 200mW
Compared to KFORQ - 14 MHz - 200mW

Received by: ® K2RAS @ KFORQ @ Both
Loop  Vertical

K2RAS=Loop (3 ft above ground), KFORQ=Vertical

< ?l .;.:}. >
o o %

Maost spots on both antennas were largely East / West...



Unique Spots by Azimuth

The loop covered esentially the same azimuth range as the trap dipole

350
270° West s 300
250
200
150

90° East 100
"

50

0

350

270° West . 300
—>

250

200

150

90° East 100
—>

50

0

Loop Spots by Azimuth

@ azimuth

Trap Dipole Spots by Azimuth

¥ azimuth




Trap Vertical Coincident dB

Signal strength by azimuth, checking for loop antenna nulls. ..

Azimuth vs dB Difference

< OQIC

Spots where vertical
significantly outperformed loop
(West)

@ azimuth

e € 44 € Spots-where-loop-outperformed
00 ¢ vertical (East)

000 00000008880000000p0000

8080080800000
IEYYT T34 34 M 4.

Grid EM72 (Georgia)

<&

50

Spots where vertical significantly
outperformed loop (East)

Trap vertical outperformed Transmit Loop outperformed

O

-30 -25 -20 -15 -10 -5 0 5 10 15

BOTTOM LINE: Both antennas were strong and weak along the axis of most signals




80M Endfed / Magnetic Loop
o1 Comparison Tests




Endfed Transmit Comparison

1 hour m 6 hours 1 day 1 week 30 days Menu Help

Spots: K2RAS - 14 MHz - 2W, 5W
Compared 1o WQENG - 143 iz - 20 K2RAS=Loop (NOW ELEVATED TO 7 feet), WOENO=Endfed

Received by: @ K2RAS ® WOENO @® Both T

Loop Endfed

Red dots are spots the Endfed hit, the loop missed...




Endfed Coincident Spot Comparison

N Premium mode

DArLonEn

1 hour m 6 hours 1 day 1 week 30 days Menu Help

Spots: K2RAS vs WOENO - 14 MHz Coincident callsign spots

Limit spot distance / km:

0 20040 °

Include receivers who report duplicate spots

Endfed outperformed Loop outperformed (7’ above ground)

[
>

Update

-

60

-1 -10 -9 -8 -7 -6 -5 - -3 -2 -1 0 1 2 3 4 5 6 7

SNR difference (K2RAS minus WOENO) / dB

Spots count
n w
o o

o

351 spots, mean -2.82 dB, standard deviation 3.316 dB



20N Endfed Coincident Spot Comparison

350

300 A

270° West 3

250

200

20M Coincident Spots, Spots by Azimuth

@ azimuth



20N Endfed Coincident Spot Comparison

20M Coincident Spots, SINE Difference by Azimuth

35
e O l
* 2
(TR X 5
NS MWy e o 2
’ PANY)
2 ’0

L 2 @ azimuth




20N Endfed Coincident Spot Comparison

20M Coincident Spots, SINE Difference by Distance

NOTE: Three stations in Brazil (9,400 mi)
were spoftted by both antennas, but not at
the same time

Hawaii’

-
©000

5000

7,000

3000

@ distance




20M Missed Spot Comparison

20M L oop Misses by Azimuth 20M Endfed Misses by Azimuth
350 160
300 . > 140 . 3
0 e | Largely W/NW . ¢ 4 Largely E / SE
200
150 ¢ @ Loop Misses el 14 ® 4 Windom Misses
7'y 60

100 ’ ‘ ’ 40

>° * Largely E / SE 20

0 )

Lzirejaly
1200-2500 rri




Endfed Coincident Spot Comparison

Premium mode

— e — ——— — N

1 hour 3 hours 1 day 1 week 30 days Menu Help

Spots: K2RAS vs WOENO - 7 MHz

Limit spot distance / km:

Coincident callsign spots

0

Include receivers who report duplicate spots

55 Endfed outperformed Loop oufperformed (7’ above ground)

50

Spots count

SNR difference (K2RAS minus WOENO) / dB

516 spots mean -3.6 dB, standard deviation 3.948 dB

BOTTOM LINE: Roughly the same performance on 40M as 20M



20M Alpha Loop™ / My Loop
o Comparison Tests




Alpha Loop Coincident Spot Comparison

Premium mode

Spots: K2RAS vs WOENO - 14 MHz Coincident callsign spots

Limit spot distance / km:

o]

20040 °
Include receivers who report duplicate spots NOTE A// SpOl‘S were Wlthln the US at the
time of this test. The loop outperforkmed the
Alpha loop in 264 of the 281 coincident spots.
AIpha outperformed Loop outperformed (3’ above ground) R

9 10

SNR difference (K2RAS minus WOENO) / dB
281 spots, mean 3.22 dB, standard deviation 1.843 dB




Ciro Mazzoni Loop Comparison®*

Electrical and mechanical specifications of 3A3Y LOOP

Electrical specifications

Continuous frequency coverage 6.6-29.8 MHz
SW.R. 1,3:1 (typical)
Front to back ratio: 6 dB
Front to side ratio: 25 dB
50 Ohm input with gamma match short circuited
(electrostatic discharge protection)
Negligible noise and harmonics
L=3puH Q=1100a7MHz
C = 400 pF a 17 KV rm.s.
Power rating: 450 W up toa 21 MHz **

1 KW from 22 to 29.8 MHz**
Bandwidth : 4 KHz @ 7 MHz

6 KHz @ 14 MHz

12KHz @ 21 MHz

20KHz @ 28 MHz
Gain compared to /2 dipole (1 point "S" = 6 dB)
—> -4dB @ 7 MHz

-0.3 dB @ 28 MHz

**NOTE:
with this LOOP ANTENNA the peak power is equal to the continuous power

**Best commercial transmit loop, priced at $2500




Magnetic Loop
v~ Performance




40M Resonant Range
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WSPR Receive (Receive Loop)

Transmit Loop 40M WSPR Receipts (on IC-7300)

@ WsIT-X v200 by KUT

0202 -26 = .040040 i .040032
0202 -18 & .040081 < .040042
0202 -24 = .040100 S . 040083

. 040102

: .040030
0204 -18 § .040044 X .040032
0204 -21 2 .040081 = .040046
0204 -23 i .040095 VATBBG A . 040083
0204 -24 2 .040150 VA3UAL < .040097 VA7BEG
.040169 WELVP/A : .040152 VA3UAL

.040171 WELVP/ A

0206 -11
0206 -21
0206 -27
0206 -25
0206 3
0206 -17
0206 -24
0206 -22
0206 -2

<

.040020
.0400458
.040081
.040091
.040100
.040100
.040152
.040162
.040165

. 040022

. 040050

. 040033 KD40OTA
.040102 KF6BL
. 040102 NOXXX
.040154 KA3JIJ
.040167 K6HMCS

KD4OTA
WWeCC
KF6BL
NOXXX
KA3JIJ
WSGHU
K6MCS

N IEEN S S IS [EN N |

OO0 00K OoOMNOO

Wb E Wy e

e I B B e B S Y
|

[ T an T w T T U T o Y Y s |

Ohar srdann ki ok hear spol The transmit loop strongly outperformed the

Stronger signal received

Weaker signal received DXEngineering loop receiving performance on 40M




WSPR Receive (Endfed)

Transmit Loop 20M WSPR Receipts (on IC-7300)

@ WSIT-X v2.00 by KUT
Mo dr'*. Mode
UTC dB DT Freg Drift Ccall

Freq Drift Call 1926 -14 14.097073 -1  W2ASX
: : 1926 -14 14.097091 0 K6PZB
1926 -20 14.097094 W3ATV
1926 -17 14.097126 AESHO
P B o o oo
Le] = =
Homannd g SRBdEY 1926 -18 .097151 NR7V
ORR005 b W WalSE [o26 22 097171 0  W3CSW
Transmitting W3SPR Transmitting WSPR
Transmitting WSPR

W =W

097062
.097074 1932 -26 . .097051
1932 -9 5 .097059
(037223 A e ! .097064
-097141 1632 -10 5 .097071
1832 -31 . .097089
.097034 1632 -12 5 .097115
097084 1932 -11 2 .097126
.097153 1932 -10 = .097131
1932 -6 . .097138
1832 -21 = .097145
1932 -24 . .097192

K8JBV
KC2HJR
N4DPH
VATBBG
KD6RF
K7FET
KDSLBK
RARTEV
KA3JIJ

OO0 00 O0OONhNO O OO

The transmit loop strongly outperformed 16 9. .097031

the endfed on 20M with a 10db average e st

higher signal 193426 1. .097100
Other antenna did not hear spot 1934 : .097151
Stronger signal received
Weaker signal received




WSPR Receive (Receive Loop)

Transmit Loop 20M WSPR Receipts (on IC-7300)

[ @ WSIT-X v200 byKUT

Freqg Drift

.097103 VE3SA0
.097190 0 KD2KQA m 14.097002
B 2204 28 1.7 14.097052 K3EA
s s [ 2204 12 1.9 14.097099 VE3SR0
' 2204 -16 (. 14.097187 KD2KQA
.097025 WIMSK
.097029 KCONBV 14.097072 N4DPH
.097062 K8JBV
.097118 VE7BPB 14.097150 NRTV
3 097031 0 NEZU | 2208 13 -d.7 14.097021 0 womsk
.0 .097044 1 KK1D [ 2208 8 4.2 14.097026 KCONBV
-g -gg:g;g g Eﬁgﬁ; 2208 -19 ! 14.097059 K8JBV
% RERLSE & S 2208 -17__ . 14.097098 WA2EUJ
o .097105 0 KV4PD .097115
B .097148 -2 ACBXO
6 Lm0z G
.0 .097174 0 KAi4M -2 -097056 0
.1 .097200 0  KT4LH o .097081 0
2210 -19 (.4 .097094 -1
s T 097102 -1
: : : 02570 =28
The transmit loop and DXEngineering loop ;;12 22 - Z gg;igg 8
had equal receiving performance in this test, 2210 24 4.1 097152 0
but the transmit loop generally outperformed [ 2010 2 0.8 14.097170 ;

ZZAT=T5 !

<

yS]

.097196

on 20M




DXEngineering Loop Receive Comparison
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KFORQ Hytower Vertical Comparison

« The loop on 40M outperformed the vertical on receive

* The loop on 40M underperformed the vertical on transmit

 The loop on 40M matched the elevated yagi on r=ccive




Summary

Actual Loop Performance

Achieved near 1:1 SWR across the 40M to 10M bands

On RECEIVE, the transmit loop outperformed all antennas on all
tunable bands (the transmit loop can’t tune below 40M)

On TRANSMIT, the transmit loop signals were reported average 5 dB
lower on 40M, 3dB lower on 20M than the Endfed. The number of spots
were roughly the same.

On TRANSMIT, the transmit loop underperformed the 40M 2 wave
vertical

The loop outperformed the closest ‘equivalent’ commercial loop on
receive and transmit

Elevating the loop from 3 feet to 7 feet above ground improved DX and
decreased the noise floor



Summary

« Actual loop performance

— The loop did not hit local spots (<100 mi) as well as the endfed. It
may not be good solution for NVIS

— The loop could handle 500+ watts (with a upgraded cap), can’t do
that using the Endfed through the trees!

» Use the coupler loop placement to optimize antenna performance

— Simply optimizing SWR is not enough (remember a dummy load
SWRis 1:1)

— An airgap from primary loop lowered SWR and increased
performance (GOOD)

— A smaller coupler loop decreased SWR, but decreased performance
(BAD)

— Flattening the coupler loop increased coupling and increased
performance (GOOD)



Summary

* Project Build Considerations

The 13’ loop tunes 40M to 12M, if it were sized for 80M it would
likely only tune 80M - 20M

The 13’ loop is about 30 Ibs and top heavy (with the cap on top).
1 %2 PVC tube with wood dowel inside supports the loop

| believe 80M would require a 26’ loop (over 8’ diameter). The
design would likely require a double loop, creating further
potential issues (weight, loop coupling...)

The Arduino autotuner makes tuning the resonant loop a non-
issue

Don’t use 1/10” headers on the autotuner PCB wires, the
connectors get loose and are unreliable




Summary

e S0, to summarize...

— The loop excelled on receive, outperforming the vertical,
horizontal endfed, and receive only loop. Performance
neared that of the elevated yagi

— The loop is a compromise transmit solution, matching the
80M endfed, but not as good as the verticals




Summary

 What | would do next time...

— Try to find a butterfly capacitor capable of 500W, don’t
know the durability of the vacuum capacitor seals in
weather over time.

— 1/10” header pin connectors are unreliable, would solder
more wires on the Arduino PCB

— Compare performance positioning the heavy capacitor on
the bottom of the loop, this would make the loop less top
heavy

— The Arduino autotuner worked well, it could be used on
any antenna with a variable cap



Any Questions...




