by Claus Niesen (AEQS)

February 1st, 2024
Story County Amateur Radio Club




Disclaimer

I’'m a licensed amateur radio operator!

amateur noun

am-a-teur a-ma-char«=) ) - chur, ( -( )ter =) - tur = - tyur

Synonyms of amateur >

1 :onewho engages in a pursuit, study, science, or sport as a pastime rather than as a
profession

2 :one lacking in experience and competence in an art or science

3 :DEVOTEE, ADMIRER




What are Spurious Emissions?

SIGLENT 2023-12-28 10:25:49 E|
Ref 36.00 dBm Att 20.00 de Marker1 145.600000 MHz 44.45 dBm
LOG 36 ;
10.0 de 26
Offset 1§
36 de 8
Free -4 2
LgPwr -14
Cont '24L,».,wmv
-34
-44
-54
-64
Center 1.050000000 GHz Stop 2.100000000 GHz
RBW 1.000000 MHz VBW 1.000000 MHz SWT 216.000 ms
ey Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 44.45 dBm
2 439.600000 MHz -9.48 dBm
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What are Spurious Emissions?

SIGLENT 2023-12-28 10:25:49 E|
Ref 36.00 dBm Att 20.00 de Marker1 145.600000 MHz 44.45 dBm
LOG 36 i
100d8 29 <— Fundamental
Offset 1§
36 de 8
Free -4 2
LgPwr -14
Cont '24L,».,wmv
-34
-44
-54
-64
Center 1.050000000 GHz Stop 2.100000000 GHz
RBW 1.000000 MHz VBW 1.000000 MHz SWT 216.000 ms
ey Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 44.45 dBm
2 439.600000 MHz -9.48 dBm
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What are Spurious Emissions?

SIGLENT 2023-12-28 10:25:49 EJ
Ref 36.00 dBm Att 20.00 dB Marker1 145.600000 MHz 44,45 dBm
LOG 36 i
10.0d8 26 <— Fundamental
Offset 16
36 db i Spurious Emissions
Free -4 2
LgPwr -14 -~ /
Cont -24
-34
-44
-54
-64
Center 1.050000000 GHz Stop 2.100000000 GHz
RBW 1.000000 MHz VBW  1.000000 MHz SWT 216.000 ms
A View
e Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 44.45 dBm
2 439,600000 MHz  -9.48 dBm

Trace

Select Trace

Bl c

Clear Write

Max Hold

Min Hold
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What are Spurious Emissions?

SIGLENT 2023-12-28 10:25:49 EJ
Ref 36.00 dBm Att 20.00 dB Marker1 145.600000 MHz 44,45 dBm
LOG 36 i
10.0de 2 <+<— Fundamental
Offset 16
36 db i Spurious Emissions
Free -4 2
LgPwr -14 -~ /
Cont -24
-34
-44
-54
-64
Center 1.050000000 GHz Stop 2.100000000 GHz
RBW 1.000000 MHz VBW  1.000000 MHz SWT 216.000 ms
A View
e Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 44,45 dBm
2 439,600000 MHz  -9.48 dBm

53.93 dB between fundamental and 3rd harmonic (peak 2)
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What are Spurious Emissions?

50 dBm 100 W -50 dBm 10 nW
40 dBm 10 W -40 dBm 100 nW
30 dBm 1W -30 dBm 1 uW
20 dBm 100 mW -20 dBm 10 yW
10 dBm 10 mW -10 dBm 100 pW
0 dBm 1 mw 0 dBm 1 mw

Nice online calculator: https://www.lasercalculator.com/gain-loss-calculator/



https://www.lasercalculator.com/gain-loss-calculator/

What are Spurious Emissions?

SIGLENT 2023-12-28 10:26:15 EJ
Ref 3.98 w Att 20.00 de Marker1 145.600000 MHz 27.84 W
LOG 4.0 i
10.0de  398m
Offset 40m)
36 dB 4m
Free 398u 2
LgPwr 40u
Cont AU et
398n
40n
4n|
398p
Center 1.050000000 GHz Stop 2,100000000 GHz
RBW 1.000000 MHz VBW  1.000000 MHz SWT 216.000 ms
ey Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 27.84 W
2 439.600000 MHz  112.63 uW

Amplitude

‘Ref Level
3.98 W

Attenuator
20.00 de

ETIVE]

Preamp
on Off

Units
Watts

Scale/Div
10.00 de

Scale Type

Log Lin

Ref Offset
36.00 dB

Corrections |

Local



FCC Rule 47 CFR 97.307(c)

All spurious emissions from a station transmitter must be reduced to the greatest
extent practicable. If any spurious emission, including chassis or power line
radiation, causes harmful interference to the reception of another radio station, the
licensee of the interfering amateur station is required to take steps to eliminate the
interference, in accordance with good engineering practice.



FCC Rule 47 CFR 97.307(d)

For transmitters installed after January 1, 2003, the mean power of any spurious
emission from a station transmitter or external RF power amplifier transmitting on a
frequency below 30 MHz must be at least 43 dB below the mean power of the
fundamental emission. For transmitters installed on or before January 1, 2003, the
mean power of any spurious emission from a station transmitter or external RF
power amplifier transmitting on a frequency below 30 MHz must not exceed 50 m\W
and must be at least 40 dB below the mean power of the fundamental emission.
For a transmitter of mean power less than 5 W installed on or before January 1,
2003, the attenuation must be at least 30 dB. A transmitter built before April 15,
1977, or first marketed before January 1, 1978, is exempt from this requirement.



Spurious Emissions must be

Below 30 MHz and installed after January 1, 2003
e 43dB below fundamental
o At 1500W this would be 75 m\W
o At 100W this would be 5 mW
o At 5W this would be 251 yW
o At 1W this would be 50 yW

Below 30 MHz and installed on or before January 1, 2003
e For any fundamental 500 W or more: not more than 500 m\W
e For any fundamental 5 W or more: 40 dB below fundamental
o At 5 W this would be 50 yW
e For any fundamental less than 5 W: 30 dB below fundamental
o At1 W this would be 1 mW



FCC Rule 47 CFR 97.307(e)

The mean power of any spurious emission from a station transmitter or external RF
power amplifier transmitting on a frequency between 30-225 MHz must be at least
60 dB below the mean power of the fundamental. For a transmitter having a
mean power of 25 W or less, the mean power of any spurious emission
supplied to the antenna transmission line must not exceed 25 yW and must
be at least 40 dB below the mean power of the fundamental emission, but
need not be reduced below the power of 10 yW. A transmitter built before April
15, 1977, or first marketed before January 1, 1978, is exempt from this
requirement.



Spurious Emissions must be

Between 30-225 MHz and more than 25 Watts
e 60dB below fundamental

o At 100W this would be 100 yW

o At 50W this would be 50 yW

Between 30-225 MHz and 25 Watts or less
e For any fundamental 250 mW or more: not more than 25 pyW
e For any fundamental less than 250 mW: 40dB below fundamental or 10 yW



Ham Bands and Harmonics

160m: 1.8 - 2.0 MHz
Harmonics: 3.6-4 MHz (80m), 5.4-6 MHz, 7.2 - 8 Mhz (40m)

80m: 3.5-4 MHz
Harmonics: 7 - 8 MHz (40m), 10.5 - 12 MHz, 14 - 16 Mhz (20m)

40m: 7 -7.3 MHz
Harmonics: 14 - 14.6 Mhz (20m), 21 - 21.9 Mhz (15m), 28 - 29.2 MHz (10m)

20m: 14 - 14.35 MHz
Harmonics: 28 - 28.7 MHz (10m)

2m: 144 - 148 MHz
Harmonics: 288 - 296 MHz, 432 - 444 Mhz (70 cm)
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Test Candidates




1 Baofeng UV-82

Trace

Select Trace

e

Clear Write

Min Hold

View

SIGLENT 2023-12-27 21:45:34 [“_JJ
Ref 1.00 W At 20.00 dB Marker1 1.943200000 GHz 636,88 N
LOG 1.9
10.0dp  100m
Offset 10m 2
30 de im
Free 100v
3 4 [
LgPwr 1oyl Display Line 25.00 uW|
af
Cont 1y ﬁ Lﬁw A = t%mﬁA»kwﬂ»MmNxWwvuwpﬁmwvNmeWMWﬁwNNAVNWNwwhnwwuwwmw«mmen»AmAnA«mAqwﬂmwﬁRhﬁ pom
100n 1
10n)
in
100pk - - I i
Center 1.050000000 GHz Span 2,100000000 GHz
+*RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 s
A MaxH
Peak Table
P-PK
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 4.66 W
2 439.600000 MHz  5.53 mw
3 221.200000 MHz 15,96 uW
4 294.000000 MHz ~ 15.34 uw
5 733.600000 MHz ~ 13.53 uw
6 72.800000 MHz 9,52 uW

Blank

Avg Times
100

Math

Local

D

4




2 Baofeng UV-82

SIGLENT 2023-12-27 21:47:10 [“_JJ Trace
Ref 1.00 W Att 20.00 dB Marker1 1.943200000 GHz 640,47 nW Siloct Trace
LOG 1.0
10.0dp  100m -A B C D
Offset 10m
a0 dB 1m| Z Clear Write
Free 100v 3
LgPwr 10y] Display Line 25.00 uW|
& ‘Max Hold
Cont 1y (A B2h 0T
MN\'
100n|
10
n Min Hold
1in
100pk . | . I . . | i
Center 1.050000000 GHz Span 2.,100000000 GHz Vi
*RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 5 it
A MaxH
o Peak Table
Blank
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 4.15 W .
2 439.600000 MHz  1.12 mW Segiicies
3 294,000000 MHz 36,22 uW 100
4 733.600000 MHz ~ 8.22 uW
Math

Local




3 Baofeng UV-82

SIGLENT 2023-12-27 21:48:37 [“_JJ Trace
- 1.0Ref 1.00 W Att 20.00 dB Marker1 1.943200000 GHz 488.46 nW Siloct Trace
10.0dp  100m -A B C D
Offset 10m
a0 dB 1m| Clear Write
Free 100y 3 T 7
LgPwr 10y] Display Line 25.00 uW|
1 ‘Max Hold
Cont 1y I\ ’l, TP, YRR b A A A W A
100n|
10
n Min Hold
1in
100pk . I
Center 1.050000000 GHz Span 2.100000000 GHz Vi
*RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 5 it
A MaxH
Peak Table
P-PK
Blank
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 4.93 W .
2 439.600000 MHz  70.15 uW Segiicies
3 294,000000 MHz ~ 31.76 uWw 100
4 585.200000 MHz  17.86 uw
Math

Local




4 Baofeng UV-82

Trace

Select Trace

e

Clear Write

Min Hold

View

SIGLENT 2023-12-27 21:49:39 [“_JJ
Ref 1.00 W Att 20.00 dB Marker1 1.943200000 GHz 799.27 nW
LOG 1.0
10.0 de  100m)
Offset 10m - >
30 dB m 4 "
Free 100y t
LgPwr 10y] Display Line J?5.!]!] uWy|
1u | | WMWMWM Pt b A
Cont ) FOFRPTRY I DTV RoTeesy i PO ,,J
100n
10n
in
100pk , I
Center 1.050000000 GHz Span 2.100000000 GHz
*RBW 100.000 kHz VBW 100.000 kHz SWT 2.39s
A MaxH
o Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 3.81W
2 439.600000 MHz 2.78 mw
3 294.000000 MHz 2.04 mw
4 733.600000 MHz 523.72 uW
5 585.200000 MHz 269.78 uW
6 1.024800000 GHz  137.57 uW
7 879,200000 MHz 57.75 uw

Blank

Avg Times
100

Math

Local

D

4




5 Baofeng UV-S9 Plus

SIGLENT 2023-12-27 21:50:29 l“j Trace
Ref 1.00 W Att 20.00 de Marker1 1.943200000 GHz 433.58 nw Select Trace
LOG 1.0
AN B C
10.0 de 100m)| 2
Offset 10m
20 de 1m Clear Write
3
Free 100v
LgPwr 10y] Display Line 25.00 uW|
o & WWVWMWM : MaxHold
on it i, '
- St
100n|
10
n Min Hold
1in
100pk . !
Center 1.050000000 GHz Span 2.100000000 GHz Vi
*RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 5 i
A MaxH
e Peak Table
Blank
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz  4.05 W .
2 294,000000 MHz  32.73 mW Avg Times
3 439,600000 MHz 125,17 uW 100
Math

Local

D

4




6 Baofeng UV-82T

SIGLENT 2023-12-27 21:57:09 [“_JJ
Ref 1.00 W At 20.00 dB Marker1 1.943200000 GHz 544,54 ny
LOG 1.9
10.0dp  100m
Offset 10my - >
30 de im
Free 100v
LgPwr 104 > Display Line 25.00 uW
Cont 1u 7 ,.J\A,.,. WWWWWWMM AV
100n)
10n)
in
100pk . !
Center 1.050000000 GHz Span 2.100000000 GHz
+*RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 s
A MaxH
Peak Table
P-PK
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 4.77 W
2 439.600000 MHz 2,49 mw
3 294.000000 MHz 1,95 mWw
4 585.200000 MHz 9,30 uW
5 221.200000 MHz ~ 8.58 uW

Trace

Select Trace

B e c

Clear Write

‘Max Hold

Min Hold

View

Blank

Avg Times
100

Math

Local

D

4




7 Yaesu VX-6R

SIGLENT 2023-12-27 22:00:08 @ Trace
Ref 1.00 W At 20.00 dB Marker1 1.943200000 GHz 687.48 N Select Trace
LOG 1.0
B C D
10.0dp  100m
Offset 10m
30 de 1) Clear Write
Free 100y
3 2 4 5 :
LgPwr 10y] Display Line 25.00 uW|
1
Cont 1u WA A
100n|
10
i Min Hold
in
100p
Center 1.050000000 GHz Span 2.100000000 GHz Vi
+RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 5 it
A MaxH
Peak Table
P-PK
Blank
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 5.55 W .
2 439.600000 MHz  16.60 UW Segiicies
3 294,000000 MHz 14,29 uw 100
4 585.200000 MHz  13.23 uw
Math |

Local




8 Yaesu FT-857

SIGLENT 2023-12-27 23:23:48 @ Trace
Ref 1.00 W Att 20.00 dB Marker! ~ 1.965600000 GHz 534.43 nw Siloct Trace
LOG 1.9
B C D
10.0dp  100m
Offset 10m)
30 de 1) Clear Write
Free 100y
LgPwr 10y] Display Line 25 00 uVy|
conk 1uhﬁmLJM\WWWWMMAMWW MANMMWW
100n)
10
i Min Hold
in
100p
Center 1.050000000 GHz Span 2,100000000 GHz Vi
+RBW 100.000 kHz VBW 100.000 kHz SWT 2.39 5 bt
A MaxH
Peak Table
P-PK
Blank
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 9.87 W
Avg Times
100
Math

Local




9TYT TH-8600

SIGLENT 2023-12-27 22:19:41 [“_JJ Trace
Ref 1.00 W Att 20.00 dB Marker1 1.965600000 GHz 725.60 nw Siloct Trace
LOG 1.0
B C
10.0dp  100m
Offset 10m
Clear Write
30 dB A 2 3
Eree 100y 4 5
|
LgPwr 10y Display Line 25.00 uWy|
ak
1y h e
Cont A
100n|
10
n Min Hold
1in
100pk - - . - .
Center 1.050000000 GHz Span 2.,100000000 GHz Vi
*RBW 100.000 kHz VBW 100.000 kHz SWT 2,39 5 it
A MaxH
Peak Table
P-PK
Blank
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz ~ 24.38 W .
2 439.600000 MHz  454.54 uW Segiicies
3 733.600000 MHz ~ 214.49 uw 100
4 294,000000 MHz 70,71 uw
5 1.024800000 GHz ~ 42.92 uW oot
& 585.200000 MHz  24.80 uw at
7 £.400000 MHz 10.66 uW

Local

4




9TYT TH-8600 low power

SIGLENT 2023-12-27 23:25:12 l“j
Ref 1.00 W Att 20.00 dB Marker1 1.965600000 GHz 492.87 nW
LOG 1.0
10.0 de  100m)
Offset 10m)
30 dB im
Free 100y <
LgPwr 10y] Display Line 25.00 uW|
1
Cont 1uA |||. 4 WWWWNWWNWWMMW
100n)
10n
in
100p- , !
Center 1.050000000 GHz Span 2.100000000 GHz
*RBW 100.000 kHz VBW 100.000 kHz SWT 2.39s
A MaxH
o Peak Table
Peak X Axis Ampt Peak X Axis Ampt
1 145.600000 MHz 5.38 W
2 294,000000 MHz 55.90 uw
3 5£85.200000 MHz 16.65 uw

Trace

Select Trace

B c

Clear Write

Max Hold

Min Hold

View

Blank

Avg Times
100

Math

Local

D
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Test Candidates
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The Realization!

6 Baofeng @ $30 = $180

Brand Name

e Yaesu FT-4XR $90
e Yaesu FT-65R  $110
e Yaesu FT-60R  $155

e Yaesu VX-6R $250



What’s next for me?

Buying new transceivers
Exploring filters (low pass / band pass)

Modifying the internal LPF of the Baofeng
https://wadznu.org/2011/06/uv3r-Ipf/



What about you?

Q&A / Discussions

Are spurious emissions a concern to you?
Should there be more education about spurious emissions?

Should organized events be limited to compliant
transceivers? (Baofengs => must have been tested)

Should there be events / opportunities to get your
transceiver tested?



