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Radioklub OK2KOJ pfi VUT v Brné: Kurz operatort

Vedeni
- Z hlediska napajeni - Nahradni schéma:
antén slouzi k pfeno-
su vf. energie od vysi- o o o —
lade k anténé a nao-
pr—:lk antépou §§sbi[§1— Big 1, L1, 1, gz R
né energie Kk prijimaci |
— E_._\ALAAJ_'_\ALAAI_H "
L = Inductance per unit length
C = Capacitance per unit length
- Charakteristicka impedance: I
Lo = |—
o7 |c
N

- Vedeni ma i ztraty — sériovy odpor civky, svodova paralelni
vodivost kondenzatoru: - utlum, max. pfenaseny vykon
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- Parametry napajecich vedeni:
- Charakteristicka impedance
- Utlum v dB/m roste s frekvenci — skiefekt

- Maximalni pfeneseny vykon (klesa s frekvenci,
skinefekt)

- Cinitel zkraceni = fazova rychlost viny je niz&i (dano
permitivitou dielektrika)

1

k
- Zakladni typy vedeni:

a7 Q-

Two-wire line
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- Pfizpusobeneé vedeni:
-Zdroj 1 zatéz maji impedanci  odpovidajici
charakteristické impedanci vedeni.

- Utlum na pfizptisobeném vedeni:
100 W 80 W

COAX BEING TESTED
WATTMETER WATTMEFER DUMMY LOAD

RF POWER Wy
SOURCE

Lsg = —10log I;f_”t = —10log EzldB

mn

MATCHED

- To je asi 5,5 m RG-58 na 2 m, 20 W se pfeméni na teplo ve vedeni

- Neprizpusobeneé vedeni: o
- Charakteristicka impe-

f dance vedeni se lisi
\/ bud od impedance
zdroje (vysilaCe) nebo
zatéze (antény).

E

Emin max

Stojata vina na napajeci
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- Cést vykonu se u antény odrazi zpéatky a postupuje po napajedi
smérem k vysilaCi. Faze zpétné postupujici viny se periodicky
pricita a odcita s fazi viny postupujici k anténé, takze se podél
napdjecCe vytvori stojaté viny s amplitudou £ .. a E

ax min

- Pomér stojatych vin (Standing Wave Ratio, SWR):

SWR = Emax _ Ei+Ey
Emin  Ei~BEr <« SWR=1,E =0

=> pfizpusobeno, nic se neodrazi
- E. = incident wave (postupna vina)
- E,. = reflected wave (odrazena vina)

- Cinitel odrazu: (uvazujeme navazani vedeni — anténa)

 SWR-1 - Z; = char. impedance vedeni
 SWR+1 - Z, = impedance antény (load

v Vv

= zatéz)

Er  |Z1L—Zp
g ‘Z +Z
l L 0
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- Napfr. pro SWR = 1,5 je Cinitel odrazu 0,2 (0,5/2,5)
- Ztraty odrazem:

- Decibelovy pomér vykonu postupné viny a vykonu v odrazené
viné

P
Lrag = 1OlogFl = —20logp

r

Pro nase SWR = 1,5 a vykon postupné viny 80 W
80
Lpag = —2010g0,2 = 101093—2 = 14dB
vykon odrazene viny je 3,2 W (opét se musi pfemeénit v teplo)

- Ztraty nepfizpusobenim:

- Decibelovy utlum vykonu vysilaného z koncového stupné
vysilaCe do vedeni (pfizp.) a antény (neprizp.) vlivem odrazu na
nepfizpusobeném konci vedeni.
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Pi o Pr
Lyag = —10log(1 — p?) = —10log 5
i

- Pro nas pripad

80

- Kdyz méfime SWR antény na druhem konci kabelu (u vysilace)
projevi se ztraty na kabelu (100 W TX, u antény 80 W, tady se
3,2 W odrazi vlivem nepfizpusobeni a tento vykon cestou zpét
se zase o 1dB utlumi na cca 2,56 W:

8 ,2
Lyag = —10log(1 — 0,2%) = —10log ( ) = 0,18dB

Lrrxag = 10log I;iTX = —20log pry = 10109% =15,9 dB
rtx )
=—20log0,16
SWR-1 1+ 140,16
=" > SWRryx = 1_2:1 = To5c = L38anel5
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-V nasem pripadé se na vedeni méni v teplo 20 W vlivem ztrat
na postupneé viné a dalsich 0,64 W (3,2-2,56) vlivem ztrat na
odrazené viné. Do vysilaCe se vraci 2,56 W (musi zvladnout
absorbovat). Do antény jde 76,8 W (100-20-3,2).

- Redukce uréeni SWR antény s mérenim pres utlumové vedeni

20
v AV ARV
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o 6 ,&li 4 yi Z " Z
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11 e ] | e
1.08 = e —~
= = Irput | Awenuator Load =
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- Char. impedance je dana mechanickymi poméry rozméru
(vnéjsi/vnitini vodi€ u koaxu, prumér dratu/vzdalenost u
dvouvodiCoveho vedeni) a materialovymi parametry dielektrika

il b 1y AT
dielektrikum ZO — 13810g (_ . ) @ @

d V 81‘ (End view)

Rigid outer < K
Outer conductor Dielectric
insulator \

Inner
conductor

Conductors

Inner
Braid insulator

/

Inner
conductor

. Insulating
Insulating sheath Outer insulator Inn
sheath X . \ insulate

Dielectric _ \ insulator  Genger
S ey
-----

s L Insulator Tie
Shield  conductor Outer shield

shield
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- Parametry koaxu

http://www.qsl.net/va3iul/ % °
~ =
8 8 = 8 & & 8 8 5
b I 2 2 e i s 2 < < o
TECHNICAL PARAMETERS I I e v n v n mn mnn n i
Impedance 500 500 500 500 75Q 930 500 500 500 500 500
Nominal capacity 82pF/m 80pF/m 101pF/m 102pF/m | 72,2pF/m | 47,6pF/m | 101pF/im 98pF/ 75pF/m 81pF/m 78pF/m
Inner conductor resistance 15Q0km 110km | 318,2Q00km | 40,7Q0%km | 165,000km | 144,00%km | 5,6Qkm 5,600km 3,100km 3,1Vkm 3.300km
Velocity of propagation 81% 81% 66% 66% 66% 83% 66% 66% 83% 83% 85%
Inner conductor 19x0,28mm | & 2,62mm | @ 0,48mm | @ 0,9mm | @ 0,58mm | & 0,58mm | @ 2,26mm | & 2,25mm | & 1,85mm | @ 2,7mm | & 2,85mm
Dielectric 239mm | @7,15mm | @1,5mm | 2295mm | @3,7imm | @23,7mm | @66mm | Z2725mm | @50mm | @72mm |2 7,25mm
Outer conductor Z245mm | @278mm | @20mm @3,5mm | @435mm | 24 4mm 2Z7.2mm @8, 7mm | @575mm | &7,9mm
Coverage 100% 100% 87% 95% 95% 96% 97% 95% 100% 100% 100%
Steath PVC PVC PVC PVC PVC PVC PvC PVC PVC PVC PVC
Outer diameter Z54mm | ©103mm | @28mm | @4,95mm | @ 6,15mm | @ 6,15mm | & 102mm | & 108mm | @73mm | @ 10,8mm | @ 10,2mm
Attenuation in dB / 100m
10Mhz 3.0 1,2 22 1,2
100Mhz 9.3 3.9 30,0 16,1 12,0 8.5 6,9 6.9 6,3 3.8 4.0
145Mhz 17,8 8,5 7.6 46 4.8
200Mhz 142 6,1 45,0 23,0 16,0 12,0 98 94 9,0 55
300Mhz 16,3 7.0 11,2 6.8
400Mhz 19,0 62,0 33,0 23,0 18,0 15,7 15,0
432Mhz 33,2 16,7 13,6 84 8.9
450Mhz 20,7 7.3
500Mhz 73,0 36,1 27,0 20,0 16,7 14,7 9,0
700Mhz 21,0
800MhKz 12,0 11,8 125
1000Mhz 30,9 13,5 111,0 546 38,0 29,5 257 257 215 134 14,2
1296Mhz 64,5 30,0 248 15,6 16,5
1500Mhz 271 17,0 17,9
1800Mhz 82,0 37,0 30,0 18,9
2000Mhz 45,8 20,2 87.5 416 31,9 20,1 21,2
2320Mhz 97,1 46,5 37,9 225 23,1
2500Mhz
3000Mhz 247 118,0 58,5 40,9 25,9 27,0
4000Mhz 70,0 49,1 31,1 32,2
5000Mhz 57,0 35,9 37,0
6000Mhz 64,9 406 415
8000Mhz
10000Mhz 58,3
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Antena

- transformuje vf. energii dodavanou na vstup antény
prostfednictvim napajeCe (vykon P=U0, W=VI[A) na
elektromagnetickou vinu (hustota vykonu elmag. pole
M=ExH, W/m2 = V/m [JA/m) a naopak (vysilaci vs. pfijimaci
anténa)

- do antény tece vf. proud a na jejich svorkach je vi. napéti
(budici vykon), od antény se Sifi elmag. vina

- elmag. vina:

- vektory elektrického
pole a magnetickeho
pole jsou navzajem
kolmé, a smér Sifeni je
kolmy na tyto vektory
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ELECTRIC
FIELD
VECTORS
A
-
A A A A 4 A A

»

YYVYVYVYVYVYY

- lzotropicky zari¢ = fiktiv-
ni anténa od které se Siri
elmag. energie stejné
vSsemi sméry

J

>

-

MAGNETIC
FIELD
VECTORS

i

- Smér sireni elmag. viny je kolmo
od stranky (platna)

- Kulova vs. rovinna vina

Source with 9 directional radiators
arranged over a spherical surface

Beamns of planar waves

Net intensity over spherical surface obeys the
Inverse Square Law, even if each individual beam 3d

intensity is invariant with distance d. © Blaze Labs Research

» ° Ve velké vzdalenosti od antény
se kulova vina jevi jako rovinna
vina
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Anténa a rezonancni obvod

- Princip dva vodice jako desky kondenzatoru
+

@ _l ' - Kond budi elektrické pole, civka (vodic
antény) generuje magneticke pole

- Nahradni schéma:

Anténa

Generator

|
I
+ I
|
I
|
I
I
'V, : R‘,:ﬁrz
I
I
1
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Parametry anten

- Smérova charakteristika

v

Potlaceni
- boCnich "=
7 laloku[dB]

150 /

150 ] , éi‘r'k?
o . svazku
Predozadni, [°]
. pomer £ .
. [dB] A

-------
.............

270
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- vyzarovaci diagram: horizontalni rovina — { ¢), vertikalni

rovina — {6),3D — @b

- zisk v hlavnim sméru (dBi — k izotropnimu zafici, dBd —
K dipOlu)

- Sifka hlavniho laloku pro potlaceni o 3 dB (sifka hlavniho

svazku), predozadni pomér, potlaceni boc¢nich laloku

- vstupni impedance, SWR => pfizpusobeni

- Sifka pasma a frekvencni zavislost uvedenych parametru
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I = Insulator — 75 Q) Coaxial cable
R = Rope (etc)
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- Rozlozeni proudu a napéti (el. pole) — impedance na
svorkach 73 Q - projevuje se zemeé

A

120 T
100 T
— 2500 O
(end)
(=
& /\V/\v/\
g “\/
73 Q) g
(center) £
=
&

L | L |
I T I 1 T
A 5Ny 3N/2 /4 2\ 9/g  BMg

Height above ground (wavelengths)
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- Smérova charakteristika

End view of
vertical plane
(rotated 90°
from solid figure)

Top view of
horizontal plane
(rotated 90°
from solid figure)

- Na vertikalni ma vliv
opét blizka zemni
plocha
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- To se vSsak muize

hodit na KV pri
spojeni odrazem
od ionosféry

Height
in kilo-
meters

350 —

e
-
p—r

Atomic particles

Height
in
miles

Particle radiation

Barometric

Cosmic rays pressure — 200
X-rays 4
— 150
— 100
Broadcast-wave
reflection E1 reglon
reflection — 50
D region
"""""""""""" — 20
Troposphere
Ocean 7
Sea

level
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Skladany dipol

300-Q2

parallel
line or >

twinlead

Yoy

To
XMTR

- Balun 4:1 pro VKV
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- Invertované V — na KV

A N
a
I Coaxial
cable to L
transmitter
L= % Feet
R aulated—
S support R S
I I
I = Insulator

S = Support stake
R = Rope
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Coax to
transmitter

I = Insulator
S = Support stake
R = Rope
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Zkracene dipoly

C
>
B > |<€<— B
L,
YL s
18 6" (5.638 M) B" (152.4mm) 18 6" (5.638 M)

BT

30 Turns #12 SWG Enameled

Lonnected To
Center of Coil

Coax to Rig

pread over 5" to 5-1/2" of the

Coax Center Conductor
onnected at 2 to 3
Jurns From Center

Percent Coils at
of half- middle of
wavelength radiators ({)
20 2800
30 1800
40 1800
50 1300
60 950
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- Multiband dipol

A 1:1 BALUN A

A=10-meter segment
A+B=15-meter/40-meter segment
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- OCF - out off center dipol

Rope EI EI Rope
— 1

\1:1 BALUN

75 () coax
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- Longwire — rychle na KV s transmatchem

R\ﬁr

>2\

Open-wire
line or
450 ) twin lead

Antenna
tuner

|

Coax
jack

> e?
feeders

VSWR

meter

Transmitter

I = insulator
R = rope

mE]

Antenna length (wavelengths)

\
R

16 L

L) L :
0 1 2 3 4 5 6 7

0o ™
O -
'5-»

Gain relative to dipole (dB)
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- Windom - multiband

Insulat.il A=0.18\ B = 032hﬂ/lnsmator
o
N A =0.18\
ownlea
B =0.32\
(#12 or #14) A+B = 050\ = 268 poot
Fyriz
Coax ‘
to Tuner
XMTR

- Windom s kaxem a
balunhem

136'
44.33' ——>|
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- Vertikalni antény (KV i VKV)

X, R,
3 A
A 400 200 =
300 ~4 160 =
%
3
e
L
-
£
Ve
S PR :
e !
, '
1/ :
—— gl %4 !
! 200 '
—
Max - :
WV Min :
]
300 .
;
M o
No
— L L 'Y 1 L
T T T T T T
Xe 60 70 80 90 100 110 120
Antenna length

(degrees)
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- Smérovka vs. délka

5h/8 Mo, My
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- PFizptisobeni (i $irokopasmové)

- Shorting
bar
Coax to
transmitter ‘) 4
Broadband G
RF matching )
transformer
Coax
to XMTR

= g fed grounded vertical. = Omega-fed grounded vertical.
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- S pulvinnym - Na 2m, tieba na - ZKraceni civkou
rukavem whiQrayto

Radiator ]
element 3
Short adjustable
whip for tuning
Ay
L
iighee X 410 20 foot
PL-259 PVC pipe wrapped
End cap with M2 of #12 or
#14 wire
Pipe |
Y

Coax
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- Smyckové loop antény — vodi¢ ma celo délku viny

<a|>

A
1

|

X Xp

- Velmi oblibena delta loop
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- Magneticka smyc¢ka — ladi se do rezonance — na C vysoké
n a pét II MULTI-TURN

\%}\k A > TUNING LOOP‘\
’'y

MAXIMUM 5 «— MAXIMUM
RESPONSE A RESPONSE
4
1 OR 2 TURN
7/
’ COUPLING LOOP — ™
A= >5B i
’ b A
ya
&
/
, @
7/ -
MINIMUM  _ _ _ _ C1 - v
RESPONSE ° T0
VO
RCVR
O Lo
180°
60° Elevation
_\ ‘ 45° Elevation
20° Elevation w/
I~
i c1
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D1

DR

- Napajeni gama

- Yagi-Uda princip (KV, VKV i UKV i mikroV)

- Yagi pro magic band

(6 m)

2,62
= Director

T No. 2

144.8 cm

$ftm Director

g
g ol
Insulator § Lm0
C

i

116.9 cm

2.79m

"

I Driven
element
T H VHF balun
116.8 cm
l Coax to XMTR
Reflector

295m
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- Mikroviny — jako vedeni koax nebo vinovod — antény
parabolické

Parabolic (¥° = wx)
reflector surface
W w

AB
3
N
MN = MF
=]
u > g E D
£
25
]
b=
] -
£
A
YA

- Subreflector

~ - Ant 23/13/9 cm OK2PNQ
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Co je na stiese KOJe na KV

LONG WIRE INVERTED V FD4 CP6 TH-11DX

; é 20 m (14 MHz)

17 m (18 MHz)
160 m (1,8 MHz) 40 m (7 MHz) 80 m (3.5 MHz) 40 m (7 MHz) 15m (21 MHz)
80 m (3,5 MHz) 40 m (7 MHz) 20 m (14 MHz) 12 m (24 MHz)
30m (10 MHz) 15m (21 MHz) 10 m (28 MHz)
10 m (28 MHz)
‘ 6m (50 MHz)
RCS-10
‘L_\l O
= =z
x
o

AMERITRON AL-811XCE

- = CN-801 ANT2 ANT1
O
ALC| LoAD PLATE Ooo @

’_E O o 000 MFJ-962D
PTT

\
%
00

ANT1 |00 OO0 O
o —
KENWOOD TS-480 SAT

Schéma zapojeni KV pracovisté
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- A kdyz je anténa neprizplisobena — stojaté viny

S S met o PSSV fwd % ref %

fei 1 100 0

i W 12 99 1

T S SR S me 1,5 96 4
o 2 89 11

) W/ 3 75 25

5 3 2 T B 55 45

10 33 67
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- Jak vypada PSV u dobré antény
1.9

1.8

| /]

1.7

1.6 /

1.5\ //

1.4 \ /

SN 7

y N L

1.1.\

1
144 145 146 147 148

Frequency (MHz)

SWR




Simulace anten, napi. 4NEC

B/ Ml [V2.0.10) (T4} R ey = = - S — = T — . :
- — - — 3D Viewer (F9) [ HF_dipole_KOJ_testout] PEE=)
File Edit Settings Calculate Window Show Run Help
& 7| ® ® xS #| @G 142 M
AIREEIE ] | % mB~| & !

Silename ‘HF_dlpnIe_KOJ_iesluul Frequency | 142 Mhz N Axis| 5 mtr
Wavelength | 211 mir Theta Phi

votage | 857+)0V Cunent [ 117-1022A 8 S0: g} 280

mpedance \ 708+)136 Series comp. | 8242 pF H ﬂzoomi]

Sarallel form | 734/1)383 Parallel comp. | 29.3 pF 1B Ident| Res

SWRS0 | 151 Inputpower | 100 W Rote | Col

=fficiency \ 99.41 % Stucture loss | 505 miy T

ladistefl. | % Networkloss | ] uwW g el

2DF[AE) | 722 Radiatpower | 99.41 w Kl il

=xcitation/Load data [ Loads [ Polar [V Axis

Type Tag|Seg|impedance [Voltage  [Pwr [SWR ¥ Ground

EX0:V-src |2 1 708+j136 857+j0 100 151 2

LD 5 Wire all  Copper

Stucture v
Hide patt.

Show Compare Transfer FFtab Plot SWR (5Hifirdipole_KOJ_test.out @ SWR/ ref Tot-gain ¥
1ed
Tot-gain [dBi] 0z Vertical plane 2 (" Gain /FB
Eurm-;]II‘B‘BSdﬂl 4000 € Impadance
Teq=
1000 Reset
400 _I _l
100 E[NE]
40 —I J HF_dipole_KOJ_test.out
A |
10 = 1.27
. i 4 v Log [T 118
f ¥ Gid [ m
1
W | s 7 9 1 13 15 171921 25 29 MH: 10
a0 Refl coel [4B] (50 ohm) 0.96
I ; [v Bold 088
R [V Markers 08
b |~ [V LogX
A105Y 4 [+ Smooth 072
" 0,64 z
™ ;l _I 056 e
8 = S
! 4 B— N
-10 [ S| s
12 _'J _] i
2
0.32
-14 Ll J l024 X
| ¥
/ T~ 9 [ Log ™ 0.16
-150 i \ -18 7 Gid 0.08 *
HF_dipole_KOJ_testout 165 165 -989 < dBi < 9.95 20 le-3
| 3 :
LEneg _ o Max gain The:62 3 ; d__UL_T&_ib_T7 18 21 . 28 _Mitz Theta: 121 Adis - 10 mir Phi - 259
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- TKU ES 73!




