QRP HF-Versterker voor WSPR
(MHz---30MHZz

Dir: [RX/TX v| Call:[HG9FS| Band: [15m | Count:[500(| Time: [24 Hours ] | Load | Auto: O [ Zoom All | C: 82 TX: 15810km RX: 2014km

+ Arctic Ocean
- Aretic O|

NORTHAMERICA

Pacific Ocean

Dcean Pacific

Pacific Ocean

flet | Tiles © Esri — Source: Esri, DeLorme, NAVTEQ, USGS, Intermap, iPC, NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), TomTom, 2012
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Transistor keuze voor breedband

1: BC548 Lf transistor of
2. 2N2222 Schakeltransistor of

3: R24 of R25 (smd) HF transistor, of BFR92,BFR96
Resultaat:

Nrs 1 en 2 werken niet hoog genoeg In frequentie.
Nr 3 werkt uitstekend tot ver boven de 30MHz

Schema

RCAMF-Maart 2024 | |



[] 3

c1
100N

] 520

L1 = varkensneus 6mm 2 x 5 windingen 0.2 millimeter

Q1 = R24 (smd) of BFR92 *

Meetzender
RCAMF-Maart 2024 1




. 'Meetzender” Is een si5351, zonder filtering.

.De uitgangsvorm is een blokgolf.

.De si geeft veel ongewenste harmonischen.

.Harmonischen bekijken met een tinySA

Beeld Harmonischen
RCAMF-Maart 2024 @ 4




13,529412 M line -52,97 dim

Time averaon: il .
9 |_ . v 24,531 dem Marker &, live
"
Freq @ 98,135294 M
line -44,83 din
Calc Off - .38 Marker 7; live
| Freq  112,352941 M
. 2 line -54,56 dim
Set Morm  Live -15 Y
Marker 8, live
Load M1 Set W1 Freq  126,478588 M
4 line  -47,62 dém
LoadM2  SetM2 - | T —tal 5. T
]

LoadM3  SelM3 | ‘v Freq . 146,588235 0
— 4T ‘ line. . -55,19 dim
- - o iy Marker 18, live

el ! Freq  154,705882 M
! I ! i 18 )
1 .5 'y | y line 50,03 dom
1 a7 - \ 1y 3 J Marker 11, live
3 | Y iy Freq  299,411765 M
: 5| ‘ | | ‘ line = .33,34 dim
§ i ‘ i [l . | marker 12, live
; 35 e -0 [ [ [ [ l f |: \ | { Freq  3a4,117647 M
T 112 362 941 e | | | | || | | 5 | ‘ ‘ l ine  -%,59 doa
8 | |
.| | | I| | | T
i@ 154 785 -85 | | | | | | | | | | | .
1 ‘ ' | ‘ | | | ‘ l | | .
2 | | | | |
u 4 ! w | ‘ ' ' [ ' ‘ '
14 1 B | || | " | ‘ | [ | | | | | ||
15 @ | | | ‘ |
16 BAh Bdi .75 | ! | i | | | | || |
17 73 .E | | | i | | | |
18 900 980 %01 Mz | | | ‘ | ‘ [ | |
5 ‘ - | ‘ | I ; - - | | [ | |
| | { |
‘ . | . |- | | | I
| | | ‘ [ | yu
5§ . | | | : | ] & \f
. [ | '
L SR A YA 1 O A o e
SRR 1 1 | | O | I 1. . e b bad Wb
! bom 3 4 Ik ! | ! 1 A :. 5 i = ¥ i r f i F ¥ v
b J | L ! \ \ _"J ¥ L] R | \ =
=95
leM 28 38M 48M SBM eEM TaM M 94 184,823529 M 138 le8M  158M  1geM  17eM  138M  198M 288N 218N 228M 238 248M  258M  ZeeM  27eM  2BeM 290M  380M  31eM  328M  338M e 35OM
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Filter type kiezen
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Keuze welk programma

1. https:/www.changpuak.ch/electronics/Direct-Coupled-
Resonator-Bandpass.php

2. https://markimicrowave.com/technical-resources/tools/

3. http://tonnesoftware.com/elsiedownload.htm|

«4: https://coil32.net/online-calculators/one-layer-coil-
calculator.ntml

\:jft’: o

OO X
pr
I —-I

Plot filter
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https://markimicrowave.com/technical-resources/tools/
http://tonnesoftware.com/elsiedownload.html

Plot van het Low Pass filter met een NanoVna aan de pc met software NanoVNA Saver.

7 ManoVMA Saver 0.5.5 (Sweep: 2024-03-10 11:15:50 @ 101 points)

= [m ]
Sweep control Marker 1
S11VSWR 521 Gain (d8)
Start 10MHz | Center e T Frequency: 10.0000 MHz VSWR: 1.566 o
Impedance: 32.3-§4.15 0 Retumn loss:  -13.124.d8 8 —
5 30MHz | Span ZOMHE Series L. -65.091nH Quality factor: 0.129 ———
— Series C:  3.8326nF S11Phase:  -163.91° T
Segments 1 200, 0kéz, ParallelR: 32.8280Q 521 Gain: -0.522.d8
o Paralel X 62.341 pF 521 Phase: =115.57% 7.5
I -
/ b
Sweeen Stop 7.0 II| -.“
\
LY
Markers ||| 1Y
'l 10 N
Marker 1 w4z WO 6.5 #
Marker 2 ez B O !
Marker 3 weHz B O Marker 2 I.’Ilr
[0 Enable Deita Marker [ reference Frequency: 10.0000 MHz VEWR: 1.566 s o
Impedance: 32.3-§4.150 Return boss:  -13.124.d8 W
Hide data Locked O | Seresl:  -66.091nH Quality factor: 0.129 rE
Series C: 3.8326 nF S11Phase: -163.91% !
frery ParallelR:  32.828 0 521 Gain: -0.522 dB - /
Parallel X:  62.341pF Sz1Phase:  -115.57° d
Estimated cable length: 8. 756m .r"’
¥ =20
Time Domain Reflectometry ... f
5.0 |
/ 4
’ \
I y
/ \
4.5 ,l’ .‘.
/ \
! ‘\.
/ h
Marker 3 4.0
Frequency: 10,0000 MHz VSWR: 1.566 20
Impedance: 32.344.1580 Return boss: =13.124d8
Series Lz -56.091nH Quality factor: 0.129
Series C: 3.8326 nF 511 Phase: -163.91°% 3.5
ParslelR: 328280 521 Gain: -0.522.d8 \
Paralel X: 62.341 pF 521 Phase: =-115.57® ‘.
\
3.0 ".I
\I
A
\
Reference sweep 2.5 "|
-0 \
Set aurent as reference LY
L}
Reset reference - ((.- \'.
s11 -~ 1
Serial port control # Y
Min VEWR:  1.562 & 10.2000MHz / \
Port COM3 (NanaWViA) ot Rescan Return loss: -13. 176 d8 " |
1.5 )
Cisconnect Mansge 521 |
Min gain: —45.964 dB @ 30.0000MHZ
Fles Calbrabon ... Max gain: -0.522 dB @ 10.0000MHz o -
o ¥ Setup ak aralysis '11:.ou-1 15,000 20.00M 25.00M 30,000 10,000 15.00M 20.00M 25,000 30.00M
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Plot si5351 meetzender + Low Pass Filter

Rl

kL tinySA-App v1.1.20.1 by OnedfEleven and Erik
Connected 3 1
Disconnected

Save Image Save CSY

Marker i, liwve
Freq 27 ,647859 M
15 line «57;34 dim
marker 2, live
e Freg 41, TE4TEE M
line -57,84 dEm
: Marker 3, live
Freq 55,882353 M
e line max Lline -68,38 dBm
13,525412 M Marker 4, live
-5 '_'-5.31].2 dem Freg oM
| line .58, 44 dBm
18 marker 5, live
| Freq B4,117647 M
s | line -7@,97 dem

Marker 6, live

-28 Freq 98,235294 M
line -57,5%3 dBm
-5 | marker 7, live

Ereq 112, 352541 M

- 38 line -67,56 dem

Marker 8, liwve
Load M1 -3% | Freq 126,47@588 M
line -58,12 dém

Load M2 -48 marker 9, live
Load M2 Freq = 299,411765 M
a5 | line -82,84 dom

Marker 18, live
-’58 Freq 344, 117647 M
| ‘ line -78,89 dem

-55

18M ZeM 388 oM S (2] oM B F9,411765 M 1288 138M 1598 158M 158 17em 188M 1388 20aM 2184 228M 2388 2588 2588 Z68M 7em 2zem 299M oM EFL 320 33eM a8 358M
T/ 290

Versterker + Low Pass filter aan de ingang

RCAMF-Maart 2024



tinySA-App v1.1.20.1 by OneOftleven and Erik .. tinySA .. tinySA_v1.4-40-g2f63elc
Connected - a

Disconnected

Start (MH2)
Stop (MHz)
Center (MH2)

Span (MHz) . e

-5
-18
-15
RBW (kHz) Auto
Attenuation (dB) Auto - .20

1ine max
a 13,529412 M
25 -26,531 dém

Time averaging

-30

Set Norm -35
Set M1 2
Set M2

Set M3 |
-45 | | ‘

Load M1
Load M2
Load M3

- I | »,

-7 | ‘
5 1 ;
-8@ " l |

-85

-95
1M 28M 3emM aem Sem cem

RCAMF-Maart 2024

= Save Image

Output HF versterker zonder Low Pass filter aan de Ingang

Frequency bands

veep name

Save CSV

Marker 1, live
Freq 13,529412 M
1line -26,53 dBm

Marker 3, live
Freq 41,764706 M
line -39,34 déa

Marker &, live
Freq §5,882353 M

1ine -41,38 dea
Marker S, live
Freq 7™M

line -48,94 dém
Marker 6, live

Freq 84,1176457 M
1line -42,97 oem

Marker 7, live

Freq 98,235294 M
line -55,03 dém
Marker 8, live
Freq 112,352941 M
line -47,06 dBm
ey Marker 9, live
Freq 126,470588 M
sy line -53,63 dém
3 | Marker 10, live
: 4 vy Freg 140,588235 M
1ine -49,69 dea
11
9' ' Marker 11, live
'Y | [ | Ereg 154,795882 M
| . line -53,03 déa
': Marker 12, live
I ’ [ | ' Freq  299,511765 M
[ | I | 1ine -88,84 déa
l ‘ ‘ \ | || | : \ marker 13, live
| Freg 344,117647 M
’ | 1 [ [ ‘ | ' [ | line -86,09 cBm
|
1 | L | . | | | | | |
| | | ‘
| ‘ s ‘ ‘
| | | 1 [ | | 1 | \ ‘
{ |
| ’ E ‘ ’ ‘ | | ‘ ‘
| | ‘ ‘ ! ‘\
| | ‘ | |
| ? | } » 1 |
‘ J | ‘ | ‘ | | ’ ‘ ) | | | | |
‘ ‘ | \ \ | v
| ‘ 1 | i | ‘ | i3
¥
| 12 |
‘ ‘ ' | ‘ | ‘ | | ‘ ‘ ‘ { ‘ | | A | A .
’ A ‘ J - ‘ 21 A | y N v v
& \ W . AL J —
v
7em soM 101,764706 M rom 13eM  14eM  15eM 1508 1788  188M 196M  208M  21eM  228M  238M  24eM 25eM  26eM  27éM  28eM  298M  3@eM  31eM 320M 33eM  34eM  35eM

79/290

Verschil van de twee opstellingen



Output HF versterker met Low Pass filter aan de ingang

L
Connected
Disconnected

Save Image Save CSV

Log Mag dBm

Marker i, live
Freq 13,579412 M
@ 1ine =26,53 dém

marker 2, live
Freg 27 ;647859 M

-5 line -48,34 den
Marker 3, live

1@ Freq 41, TEAT06 M
line -38,84 dem

Marker 4; live
-1% Freg 55,882353 M
1ine -42,88 dBm

Marker 5, live

-8 Freq 72 M
line max line -46,44 dea
5 13,529412 M Marker &, live
W -26,531 dBém Freg 84,117647 M
line -44 47 dEm
-38 Marker 7, live
Freq 98,235294 M
line -52,53 dBm
Li -38
e marker 8, live
Load M1 EL Freg 112,352941 M
2 line -47,56 dem
Load M2 i T
= aw marker 9, live
Load M3 I | sy Freq 126, 478588 M
R =45 I | sy line -54,12 dem
[ iw marker 19, live
b 4 Freq 14@, 568235 M
€8 i line -49,69 dBm
7
‘ I v 3 Marker 11, live
| v Freg 154, TRSEEZ M
-85 | | i i 1wy 1ine -56,05 dea
| | L Marker 12, live
-68 | | | | | H | 4 i ) Freq 299,411765 M
| | | | 1 line -89,34 dBm
| | | | | 1 1 Marker 13, live
s | | 1 | Freq - 344,117647 M
| | | | | [ | [\ line 84,89 dEm
| | | | | [ |
-7e | | [ | | |I || | l | | | | 1l | I
| l | | ' | | | | [
-75 | | | | | | [ ([ | | i I |
| | | | '
| | |
| | | | | | | | | | [ I
g8 | | | | | | | | | |
, | | | | | | | | | | . |
| | . | | . , . vl
as | | ‘ . | | | | I |I (1 [l .~
| | | | | R | =
| ‘I || [ | | | | \ (Lo A
e \ | | | I | = A EPNY T P J A= N
A _ e AL e ) Lod Lan A I C
-95
1688 2eM ET g san = ] ] 100,588235 M 288 138M 148M  158M  168M 17BM  188M  194M  208M  218M  228M  238M  248M 25eM  268M  27@M 28EM  298M  308M 31eM 3zeM  33@M 348M 358M

TAS T

Output versterker 10
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Verschillen in opstelling met of zonder
Low Pass filter

1: Versterker zonder LP aan de ingang
-38.8dbm — 26.5dbm = -12.3dbm 2¢ harmonische.
-39.8dbm — 26.5dbm = -11.3dbm 3¢ harmonische.

2. Versterker met LP aan de ingang
-40.3dbm — 26.5dbm = -13.8dbm 2¢ harmonische.
-38.8dbm — 26.5dbm = -12.3dbm 3¢ harmonische.

Wel of geen LP aan de ingang versterker maakt weinig verschil in
harmonischen. Maar Wel aan de uitgang.

Versterker uitgang met LP Filter 1
RCAMF-Maart 2024 | |



Versterker uitgang + LP filter

|__' tinySA-App v1.1.20.1 by OneOfEleven and Erik .. tinySA .. tinySA_v1.4-40-g2f63elc
Connected - - wa
Dizconnected

Save lmage Save C5Y

1, liwve
13,525412 M
-27,03 dEm

2, liwve
27,647059 M
.69,84 dea

marker &, live
Freg 55,882353 M
Line -87,88 dem

marker 5, live
Freq

lime max 1ine

13,529312 M

W -27,831 dém marker &,

Freq 84,117647 M
line -§9,47 dém
Marker 7, liwve

Freg 98, 235254 M
Line -85,083 dem
Marker 8, live

Set M1 Freq 112,352941 M
Set M2 line -80,86 dBm
marker 9, live

Set M3 Freq 126,47T@588 M
line -76,12 dom

Set Horm

marker 10, live
Freg 142,588235 M
Line -84,19 dEm
marker 11, liwve
Freg 154,795882 M
1line -89,53 dBm
marker 12, live
Freg 299,411765 M
line =§9,84 dém

Marker 13, Live
Freq 344, 117647 M
Line -86,89 dem

113,539412 M L 158M 168 2284 13eM 4 J 398M 3184 32eM
&9/ 298

2¢ Harmonische -69.8dbm — 27dbm = -41.8bm, rest harmonischen zijn lager. Goedgekeurd

Proef opstelling versterker 12
RCAMF-Maart 2024




Test opstelling

Input 0.741mW en de output 245mW
Versterking is 25 dB
Voeding spanning is 12V

Als antenne een lampje 7V 0.1A
Berekening uitgang impedantie:

Belasting 50 Ohm uitgang 7V
Geen belasting uitgang 14V
Z=((50x14)/7)-50 is de uitgang
Impedantie van de versterker
50 Ohm

13
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VNA gekalibreerd met aan de ingang S21 een extra verzwakking van 10dB (ter bescherming van de NanoVNA)

T nanoVNA-App by OneOfEleven et al v1.1.209 (+0D11) cak VNA - 15(%
COM3 v 115200 v I | Aa ® % | % | @ | |© | Custom v | 066
Connected 0 Cal VNA v Freq bands aph titie Info
n ™ ° Freq Log Mag dB 521 521 live -0,0072 d8 Mouse, live
ST - Frequency 13,989265 MHz
tart ( Z) 2
21,
- Marker 1, live E Wavelength 4im
> Stop (MH2) 3 Freq 7 MHz 1/4 Wavelength 5.3575m
- 21 -0.007
» Center (MHz) 18,5 20 50007534 8 S11 Realimag 7,4361m -j1,4273m
4 Span (MHz) 25 Marker 2, live S11 SeriesR 50,749
> 1 cw 300 Freq::20 Witz S11 Series X -0,145
21 -0.00792
CW (MH2) 8 S21 -0,007926 dB S11 Series L -1.6483n H
Number of points 101 - Marker 3, live S11 SeriesC 78527nF
Freq 30 MHz S11 ParallelR 50,749
Point RBW (Hz) 1000 v A
- 521 -0,01046d8 S11 Parallel X ~17776,697
e-delay (ps) 0 S11 Parallel L -202,24uH
S21 offset (dB) 0 S11 ParallelC 639,99fF

S11 Return Loss 42,42d8
$11 Magnitude 0,008
S$11 Quality Factor 0,003
S11)2) 50,749
S11 Phase -10,9"
S11 Polar 0,00757:-10,9"
S11 Group Delay 613, 88ns
S11 VSWR 1,02
S11 Impedance 50,749 -j144 88m
S11 Admittance 19,705m +j56,253u

Time averaging 8
Trace smoothing 2
Median filter off
TOR window O
Output power auto
Set Norm Enable Norm

Live Ml m2 m3 m4
521 Realimag 999,08m +j162,55u

| Form | Graph || D Graph
5§21 Magnitude 0,999
]sip ] s2p csv 21 Gain -0,008d8
tre S S21 Phase +00"
requen markers
At o $21 Polar 0,999.2+0,0°
L PRe 4 521 Group Delay 499,94ns
1 7 000 000 Hz
2 20000000 Hz
3 30000000 Hz
357101 16M 17M 18M 15M 20M 21M 22M 23M 24M 25M 26M 27M 28M 29M 30M
14,5 MHz
Win-10 (v10.0) ni-NL "' 289 points/sec Bat 0,000V Threshold 300,0001 M WO NanoVNA-H 1.2.24
di 19 mrt 2024 11:51:21 Points O/ 101 Segl1 /1 Hist 256 / 256 Scans 1520 Step 250 kH2

Meting 30 dB verzakker 14
RCAMF-Mrt 2024



Meting Verzwakker

T nanoVNA-App by OneOfEleven et al v1.1.209 (+0D11) cak VNA
CoM3 > 115200 > HF Aa @ e ) & Custom
Connected 0 Cal VNA v Freq bands i
L} 2] L Freq Log Mag dB 521 S21 live -30,1442 dB
Start (MHz) 6
Stop (MH2) 31
: Center (MH2) 185
» Span (MHz) 25
i CW  CW (MH2) 800
Number of points 101 -
Point RBW (H2) 1000 ~
e-delay (ps) ]
521 offset (dB) o

Time averaging 16

Trace smoothing off

Median filter off
TOR window O

Output power auto

Set Norm Enable Norm
Live L] m2 m3 m4
| Form | Graph | ) Graph
jsip ] s2p ] csv
Frequency markers
’ T \ o
|
L .k 4
1 7 000 000 Hz
2 10000000 Hz
3 14 000 000 Hz
- 18 000 000 Hz
5 21000000Hz
6 24 000000 Hz
7 28000000 Hz
8 30000000 H2

13M 14M

38/101 M 20M 21M
15,25 MHz

22M

23M

24M

2

SM

26M

27M

Marker 1, live
Freq 7 MHz
S21 -30,13dB

Marker 2, live
Freq 10 MHz
s21 -30,11 @B

Marker 3, live
Freq 14 MHz
s21 -30,10dB

Marker 4, live
Freq 18 MHz
S21 -30,11dB

Marker S5, live
Freq 21 MHz
S21 -30,164a8

Marker 6, live
Freq 24 MHz
s21 -30,17 a8
Marker 7, live
Freq 28 MHz
S21 -30,14dB
Marker 8, live
Freq 30 MH2z
S21 -30,134dB

28M

Info

Mouse, live

Frequency
Wavelength
1/4 Wavelength

S$11 Real imag
S11 Series R

S11 Series X

S11 Series L

S11 Series C

S11 Paraliel R
S11 Parallel X
S11 Parallel L
S11 Paralleli C
S11 Return Loss
S11 Magnitude
$11 Quality Factor
S11 1z

S11 Phase

S11 Polar

511 Group Delay
S11 VSWR

S11 Impedance
S11 Admittance

S$21 Real Imag
$21 Magnitude
$21 Gain

S21 Phase

521 Polar

S21 Group Delay

15,351775 MHz
19,528m
4.882m

-28,976m -j9,7896m
47175

-0,925

-9,5846n H
11,214n F

47,193

-2408,137
-24966u H
43051pF

30,29d8

0,031

0,020

47,184

-161,3"
0,0306--161,3"
291,59ns

1,06

47,175 924 51m
21,189m +j415,26u

31,1m -j408,07u
0,031

~30,144d8

-0.8"

0,0311 --0.8"
507,35ns

Win-10 (v10.0) ni-NL " 289 points/sec Bat 0,000 V
di 19 mrt 2024 12:01:15 Poimts O 101 Segl /1

Threshold 300,0001 M BWO
Hist 256 / 256 Scans 3193

NanoVNA-H 1.2.24
Step 250 kHz

Meting output VNA
RCA-Mrt 2024

15



RCAMF-Mrt 2024

1. /MHz
2. 10MHz
3. 14MHz
4. 18Mhz
oD. 21MHz
6. 24Mhz
o /. 28MHZz

Output VNA

-9.0dBM
-9.1dBM
-9.2dBM
-9.3dBM
-9.5dBM

-9.5dBM
-9.6dBM

Output 2x versterker R24

']

16



T HanoVNA-App by OneOfEleven et al v1.1.209 (+0D11) cak VNA
coms v 115200 ~ | 3 |aa @ - -~ @ [ Custom
Connected 0o Cal VNA v Freq bands -5
[ ] (o] ® Freq Log Mag dB S21 S21 live 37,0125 dB
Start (MH2) &
Stop (MH2) 3
: Center (MH2) 18,5
> Span (MH2) 25
> CW  CWwW(MHz) 800
Number of points 101 -
Point RBW (Hz) 1000 -
e-delay (ps) 0
S21 offset (dB) 30

Time averaging off
Trace smoothing off
Median filter off
TDR window O
Output power auto

Set Norm Enable Norm

Live M1 m2 m3 m4

| Form | Graph ) Graph

]sie | s2p ] csv
Frequency markers

i1}
1 7 000 000 Hz
2 10000000 Hz
3 14000000 Hz
4 18000000 Hz
5 21000000 Hz
6 24000000 Hz
7 28000000 Hz
8 30000000 Hz
12M 13M 1< 367101
14,75 MHz

Win-10 (v10.0) ni-NL ' 280 points/sec Bat 0,000V Threshold 300,0001 M BWO
di 19 mrt 2024 13:16:44 Points O 101 Seg1 /1 Hist 104 / 256 Scans 104

16°C

Werkelijke output voor antenne

RCAMF-Mrt 2024

Output versterker

16M 17M 18M

NanoVNA-H 1.2.24
Step 250 kHz

19™M

20M

27M

Marker 1, live
Freq 7 MHz

s21 31,64dB
Marker 2, live

Freq 10 MHz
S21 354748

Marker 3, live
Freq 14 MHz
s21 36,94 dB

Marker 4, live

Marker S5, live
Freq 21 MHz
521 36,85dB

Marker 6, live
Freq 24 MHz
s21 36,53 dB
Marker 7, live
Freq 28 MHz
S21 3599d8
Marker 8, live
Freq 30 MHz
s21 35,72 dB

28M 29M

30M

Info

Mouse, live

Frequency
Wavelength
1/4 Wavelength

S11 Real imag
S11 Series R

S11 Series X

S11 Series L

S11 Series C

S11 Parallel R
S11 Parallel X
S11 Parallel L
S11 Parallel C
S11 Return Loss
S11 Magnitude
S11 Quality Factor
S11 12

S11 Phase

S11 Polar

S11 Croup Delay
S11 VSWR

S11 Impedance
S11 Admittance

S21 Real imag
S$21 Magnitude
S21 Cain

S21 Phase

S21 Polar

S21 Croup Delay

14,788255 MHz
20,272m

5,0681m

618,91m -j842,29m
-5,412

-98,550
-1,0606u H
10921pF
-1800,061

-98,847

-1,0638u H
108,88p F

-0,38d8

1,045

18,211

98,698

-53,7*

1,05--53.7
-903,78n s
100000,00

-5,4117 -j98,55
-555,54u +j10,117m

54,945 28,433
70,896
+37,01208
-23.6"
70,9.-236"
762,23ns

~ NLD

o @ 1316

19-3-2024
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Output versterker — output VNA geeft de werkelijke output:

1. 7/MHz 31.60 - 9.0 = 22.60--> 182Mw
2: 10MHz 35.47 - 9.1 = 26.37--> 434Mw
3: 14MHz 36.94 - 9.2 = 27.74--> 594Mw
4. 18MHz 37.02-9.3 =27.72--> 5392Mw
5:21MHz 36.85-9.5=27.35-->537/Mw
6: 24MHz 36.53 -9.5=27.03-->537Mw
/. 28MHz 35.99 - 9.6 = 26.39--> 436Mw

: . 18
= Prima vermogen voor WSPR experimenten

RCAMFE-MRT 2024 @



sSucces met bouwen en
experimenteren !
Bedankt voor uw aandacht

Vragen?

Henk de Ronde
PAOJMD

RCAMF-Maart 2024
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