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Hybrid HF Transmitter

This single-band design mixes solid state
circuitry with vacuum tube finap amplifiers.

Yosef Pinhasi, 4Z1VC

The single sideband (SSB) transmitter
shown on the left side of Figure 1 is a hy-
brid of solid state devices and two vacuum
tubes in the RF power stage. designed to
operate upper SSB phoae in the 20 mater
band. You can easily modify it to work in
another band and to add lower SSB. 1 kept
the design simple and compact by using in-
tegrated devices and direct coupling. Each
printed circuit board has its own power
supply and voltage regulation circuitry. For
electromagnetic compatibility, I separated
the RF power stages from the VFO and
recetving sections (the cabinet on the night
side of Figure 1).

Figure 2 shows a block diagram of the
entire transceiver incorporating the trans-
mitter described here, and identifies signal
connections A - O, which are referenced
in the schematics. The receiver (not de-
scribad in detail) is a single coaversion
superheterodyne design based on the
SA605 mixer. This article focuses on the
transmitter saction. The transmitter con-
sists of the Motorola MC1496 balanced
modulator, which geeerates a double side-
band signal at the 455 kHz IF, a band-pass
SSB filter, upcoaversion SA602 balanced
mixer, pre-driver transistors, 12BY7A
driver pentode, and 61458 power beam
tetrode final, producing 25 1o 30 W PEP.
The transmitter and receiver share a DDS
VFO. You should be very careful and (ake
all necessary precautions due to the dan-
perous high voltages imvolved.

Balanced Modulator

The modulator schematic diagram (Fig-
ure 3) uses a Motorola MC1496 balancad
modulator IC.' A photo of the modulator
board and additional relevant photos can
be found on the QST in Depth web page ?

'Notes appear on pags 20
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1 — Hybnid transmittor (lok) and VEOirecsiver (right). The transmitter knobs uppar row (laht
o Siee ("mnfmw' o o Lo

1o nght) ara Band tor
Capacitcer, Plote Capacior, M

rophone
Seloctor (optonal); switchas (lei 10 right) are Tone, 12V, TH,

svel; knobs lowor row (loft 1o nght) ara

500 V, 250 V, Power offion; nput jacks are Auxlary {lef), and Microphona [right).

Audio signals from microphone, external
auxiliary line or mtenal tone generator are
combined in operational amplifier U103.
The MICAOPHONE signal feeds QI05,
enabling use of a standard 600 Q dynamic
or an electrostatic microphone. The gain
of the microphone pre-amplifier can be
adjusted by R114, which sets the modu-
lation level. Phase-shift oscillator Q106
generates a tooe of approximately | kHz.
This TONE oscillator can be switched ON
(S101) for transmitter testing and tuning
Trimmer R133 sets the tooe modulation
level. An AUXILIARY input allows signals
from an external audio device, such as
a compater line-out. The impedance is
47 kQ, similar to that of standard audio
inputs. The voltage gain of UI03 is four,
producing 500 mV peak to the signal input
of balanced modulator UT02

Modulator U102 generates a DSB sup-
pressad-camier signal centered on 452 kHz
(3 kHz below the mid frequency of the
SSR filter). Since this is the lower edge of

the piezoelectric ceramec band-pass filter
Y102 (mounted on a small PC board on
the modulator board). the lower sideband
is removed, resulting in the upper sideband
atA.

BFXO Q101 produces the 452 kHz sab-
carrier. | used a common 455 kHz ceramic
resonator and warped its fraquency with
capacitor pair C101 and C102. Find the
appropriate value of C102 that lets C101
adjust the oscillation frequeacy to 452
kHz. Two stage amplifier Q102 and Q103
buffers the BFXO output and delivers
a 100 mV peak 452 kHz IF sine wave
to the balanced modulator. The BFXO
buffer and balanced modulator U102 are
switched on only during transmission
when 12 V dc from the power amplifier
TR circuitry appears at point C. the base
of Q104. This mutes the RF signals during
reception. Adjust timmer R128 for best
carrier null at the output. The peak voltage
of the SSB signal at the filter output A is
500 mV.
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The electromagnetic spectrum

BAND IEEE  FREQUENCY  WAVELENGTH

Extremely Low Frequency ELF 3 -30Hz
Super Low Frequency SLF 30 —300Hz
Ultra Low Frequency ULF 300 - 3,000 Hz 1,000 - 100 Km
Very Low Frequency VLF 3-30KHz 100 — 10 Km
Low Frequency LF 30 - 300 KHz 10 -1 Km
Medium Frequency MF 300 - 3,000 KHz 1-0.1 Km
High Frequency HF 3-30 MHz 100 - 10 m
Very High Frequency VHF 30 - 300 MHz I10—1m
Ultra High Frequency UHF 300 - 3,000 MHz 1-0.1m

L 1-2GHz

S 2-4GHz
Super High Frequency SHF 3-30GHz 10-1cm

C 4 -8 GHz

X 8-12 GHz

Ku 12 - 18 GHz

K 18 -26.5 GHz

Ka 26.5 - 40 GHz
Extremely High Frequency = EHF 30 - 300 GHz 1-0.1cm

\% 40 - 75 GHz

A\ 75 - 110 GHz
Sub-millimeter (TeraHertz)  FIR 300 - 3,000 GHz I —0.1 mm
Mid infra-red MIR 3—-30THz 100 — 10 pm
Near infra-red NIR 30 -300 THz 10 -1 um




Industrial, Scientific, Medical (ISM)

frequencies

\ International
Telecommunication
Union

6.765-6.795 MHz (centre frequency 6.780 MHz)
13.553-13.567 MHz (centre frequency 13.560 MHz)
26.957-27.283 MHz (centre frequency 27.120 MHz)
40.66-40.70 MHz(centre frequency 40.68 MHz)
433.05-434.79 MHz (centre frequency 433.92 MHz) in Region 1
902-928 MHz (centre frequency 915 MHz) in Region 2
2.400-2.500 GHz (centre frequency 2.450 GHz)
5.725-5.875 GHz (centre frequency 5.800 GHz)
24-24.25(centre frequency 24.125 GHz)

61-61.5 GHz (centre frequency 61.25 GHz)

122-123 GHz (centre frequency 122.5 GHz)

244-246 GHz (centre frequency 245 GHz)



Electromagnetic wave propagation phenomena

(Absorption) Ny>»oa
(Reflection) n3nin »
(Refraction) nav o
(Diffraction) no>py
(Scattering) Vo e
(Interference) M>axnn

7 (Dispersion) N¥>9) e



Electromagnetic waves propagation

E(r.0,0)=V(6,4)-

Propagation factor:




Complex propagation factor

()= Zn( )= [(f)- (1))

C

'

n(f)

=i (1) + 2w () =ja(1)+B(S)

. C J o C
of /) B(/)




10

Power attenuation

“E,, (d)E, (d)

out

Attenuation [dB/m]=10-log,, [e”“u )1 ] =

ﬂ.nn(

= 20-log,, (¢)-a.(f) :20.log10(e).{ :

f)J

a(f)



11

Propagation types

Direct wave - Line of Sight — LOS

Ground wave — Surface wave

Sky wave

Near Vertical Incidence (NVIS)



LOS - Line of Sight
Direct Wave

The Shortest

Longer
N Skip
Skip / Blind f Dead zone

Transmitter 4 limited coverage where signal is not
detectable

Understanding HF Propagation: Forecast, Practice, Tutorial, Apps, Tools



https://www.qsl.net/4x4xm/HF-Propagation.htm#WNHFF

Understanding HF Skywave Propagation
A Guide for Radio Hams

Understanding HF Propagation: Forecast, Practice, Tutorial, Apps, Tools

https://www.qgsl.net/4x4xm/HF-Propagation. htm#WNHFF


https://www.qsl.net/4x4xm/Personal-Bio.htm
https://www.qrz.com/db/4x4xm
https://www.qrz.com/db/4x4xm
https://www.qrz.com/db/4x4xm
https://www.qrz.com/db/4x4xm
https://www.qsl.net/4x4xm/HF-Propagation.htm#WNHFF

Direct wave - Line of Sight — LOS



Line of Sight - LOS

TRANSMITTER

LOS — dLos

RECEIVER

EARTH

TGR:

dios=d’+d*—2dd cos(20,)

) e/

(d,+d )

4d d.

(d,+d))

—-cos’ (6,)




Communication range

TGR : 4dd.

(d,+d )

t

dios=d’+d’—2dd, cos(26,))

(d,+d, )2 {1— cos’ (90)}

TGO : (ht + REarth )2 = dtz + REarth2 + 2dtREarth COS (90)

RGO : (hr + R )2 — er + REarth

*+2d R, cos(6,)

Earth

=
2

= 6,378 Km

16



Horizon limit

TRANSMITTER RECEIVER

90 = 900 —)dt + dr — \/(ht + REarzh )2 _ REarth2 + \/(hr + REarth )2 o REarth2 — dLOSmaX

h,h <<Ry,,— dLOSmaX = (\/I'Tt + \/Z ) " 2Rz,

17



Ground wave



Ground wave

e Surface wave

e Below SMHz

* Quickly attenuated

» Vertically polarized

19* Tens of km —up to 100km



Propagation in the
Atmosphere
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The Atmosphere

Nitrogen - N, - 78.084%

Oxygen - O, - 20.948%

Argon — Ar - 0.934%

Carbon dioxide - CO, - 0.0314%

Trace gases - 0.0434%

Water vapor - H,O - 1% at sea level



Atmospheric layers

70,000Km Outer space Magnetosphere
10,000Km Plasmasphere
1,000Km Exosphere Ionosphere
700Km Thermosphere
80Km Atmosphere Mesosphere
50Km Stratosphere
8-18Km Troposphere

22




The atmosphere of Earth
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Refraction index, Refractivity

n(f)=ve, (f) =1+ ()= ixl(f) =

~ l ' _ l " _
~1+ 2xe(f) sze(f)

o 7/ o 7/
h'd h'd

[ No+N'(f)]107 N"(f)107°

=1+ Ny+N'(f)|-10° = jN"(f)-10°°

24 n'(f') - Real n"( /) - Imaginary




Propagation factor

=27 ) ==L N () 10

c c

k(/)

AB(f)

N\

+ﬁ-(1+NO -10‘6)+%-N'(f)-10‘6
C C .
BT ()

c C
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Atmospheric transmission at EHF

N

Bl

Power Atenuation

10

=25

20

18 [radhm]

RH=75%6

| EEE

L

1
100

s0 150 200 300
Frequency [GHI=]
! ! ! T I
—_——— RH=0%%
—— RH=50%%
-------- RH=75%
RH=1002% []

150

Freguencoy [GHz=]

=00



The lonosphere



Regions

* D layer — Day: 50-80 km — NO*

» E layer — Day & Night: 90-120 km — O,", NO™

* Sporadic E — Summer days: 90-120 km — O,", NO™
* FI layer —Day - 130 to 210 km - O,", NO™, O"

« F2 layer —Day - over 210 km - O™, N, H"
28



GEOCORONA 15.5 Earth radii ##* dapending

on solar
activity

m 1.700.000-3.300.000 ft *x*»

EXOSPHERE

500-1.000 k +1.500°C

350-800 km 1.100.000-2.600.000 ft ***

F2 220-800 km
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100 km 330.000 ft
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https://buzztech.in/characteristics-of-different-ionospheric-layers/
https://buzztech.in/characteristics-of-different-ionospheric-layers/
https://buzztech.in/characteristics-of-different-ionospheric-layers/
https://buzztech.in/characteristics-of-different-ionospheric-layers/
https://buzztech.in/characteristics-of-different-ionospheric-layers/

Ionospheric Propagation of Radio Waves Gives Ham
Radio Operators "Seven League Boots"!

https://www.hamradiosecrets.com/ionospheric-propagation-of-radio-waves.html

LAYERS OF THE IONOSPHERE
‘summer| | winter nights 90 k
300'mi day day all year -
F2
400 km
F
200 mi~ L300 km
200 km
100
100 km

www.HamRadioSecrets.com
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D - Region

* Mesosphere

* Only daytime

« Altitude: 50 to 80 km

» Average altitude: 70km

e Thickness: 10 km

* NO™ excited by UVC (121.6nm)

« Low electron density 108-101° electrons/m?

« High recombination rate 10° 1/sec
33



D region — interaction with EM waves
* Reflection of LF, VLF, ELF

 £=1.2-10° collisions per second
* Absorbing 160m, 80m, 60m, 40m

e Attenuation of MF and HF below 10MHz
(at noon)

* Defines the Lowest Usable Frequency —
LUF

* Solar bursts of X-rays (0.1-1nm) causing
3+ blackout (minutes to hours)



E - Region

35,

Thermosphere

Only daytime

90 to 120 km

Average altitude: 110km

Thickness: 25 km

O,",NO" excited by EUV (1-10nm)
Maximum electron density 4-10!! electrons/m?
High recombination rate at evening
Disappears within couple of hours after sunset
Reflection of frequencies below 10MHz
Transmitted near vertically (NVIS)



Sporadic —Es — plasma clouds

Thermosphere

Only daytime

Summer days

90 to 120 km

Thin layer

O,", NO"

Temporary high 1onization regions (Plasma clouds)
Electron density above 10!! electrons/m?
Reflection of frequencies up to 150MHz



F1 - Layer

Thermosphere

Only daytime

Mainly summer days

130km to 210km (180km)

Thickness: 20 km

O™, 0,7, NO™ excited by EUV (10-100nm)
Electron density 2-10'! electrons/m? at 180km
High recombination rate at evening

Reflection of frequencies below tens of MHz
Summer, often reflects HF at the 30m, 20 bands



F2 - Layer

e Thermosphere

e Only daytime

e Summer days

e 250km to 500km

» Average altitude: 325km

* Thickness: 200 km

* O"excited by EUV (10-100nm)

e Maximum electron density 1-10'2-4-101? electrons/m?
« Average: 2-10”m?

* High recombination rate at evening

3 Reflection of frequencies below tens of MHz
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F — Region during the night

F1 merges into F2

Thermosphere

Night

All seasons

350-400 km

0,",NO™, O" excited by EUV (10-100nm)
Electron density reduces to 5-10!° electrons/m?

Reflection of frequencies below tens of MHz



Electron density — m™

1,000Km

700Km

210Km

200Km

140Km

120Km

90Km

80Km

60Km

50Km

8-18Km

Atmosphere

DAY NIGHT
Exosphere
Thermosphere | Ionosphere
E (0" 10') E (0" 1.5:10°)
Mesosphere D (NO™ 108-1019)
Stratosphere
Troposphere

40
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Plasma density (electron/cm?) 10° 10° 10°
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Day ionosphere Night jonosphere

* exosphere
500 - satellite

thermosphere
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Plasma



Dielectric coefticient

P 2n\ gm,

|

:

1+

< |

2
2
ej

f
T

A
f
/)

e=1.6-10"C m, =9.11-10""Kg ¢,=8.85-10" F/m

45



Attenuation and Wavenumber

e Attenuation:

a(f)=—tm[ (/)] =22 \ 2% \/1{8','“ )] .

e Wavenumber:

ﬂ(f)=Re[k(f)]=2’ZfV€'(2f) \/1{‘9','(”} il




Dielectric coefficient

ex1.6-10"C m,=9.11-10"'Kg

47

g, =8.85-107" F/m
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Propagation coetficient

Refraction index:

Wavenumber:

(/)= 2L e () == 1)



Plasma (critical) 1onospheric frequency

f, =8.977,/N,

lonogram from EISCAT Dynasonde 1401884 11:22
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COrdinary
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i 1 2 3 4 ] ] 7 8 g 10

49 Freq Mhz
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Ionosonde, chirp-sounder

A basic schematic of an 1onosonde | The Planetary Society



https://www.planetary.org/space-images/a-basic-schematic-of-an-ionosonde

51

Intermediate summary

Ionospheric layers are Atmospheric plasma regions.

Plasma 1s a mixture of free electrons and positive molecular
ons.

This 1s a fourth state of matter.

The electrons are released from the atmospheric molecules
due to the UV and X-ray radiation emitted by the sun.

The 1onization occurs at the mesosphere (D-region) and
thermosphere (E and F regions) layers.



GEOCORONA 15.5 Earth radii ##* dapending

on solar
activity
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Plasma (critical) frequency

Electron concentration: N, [Electrons / m?].
Resulting in plasma (critical) frequency: fp = 9N

The plasma frequency increases with 1onospheric layer
altitude.

Below plasma frequency (f < f,,) — total reflection at vertical
transmission - NVIS operation.

Collision rate:  f, causes attenuation.



Refraction index of the 1onosphere

<

f>>f )n(f)z\l

54



Plasma frequency of 1onospheric layers

Layer Altitude Electron density Plasma
(critical) frequency
H Ionosphere Ne f P 8.977m
70Km 4-108 180KHz
E 110Km 2-101 4.01MHz
F1 180Km 2-101 4.01MHz
F2 325Km 210" 12.7MHz
F2 250Km 4-10"2 18MHz
E 100Km 1.5-10° 348KHz
300Km 5-101° 2.01MHz
F 450Km 5-10!1 2.54MHz

k)




Oblique Refraction

|
|
|
|
\/52 :

10,
!
|

0116,
nlz &' !
|
|
!

Snell’s law: /¢, '-sin(6,)= 82'-si11(6?2)——>sin(92)=ﬂ sin
n,

\/31' >\/g2 '——n, >n,—0, >0
56



S7

Total Reflection

I

|

|

: |

n, =«/6‘2 :
|

|

02 = 900

Total reflection: /g, '- sin(6,)= /&, "-sin (90" )—)sin (6’1 | )

min
%f_/
1

n, =\/gl'=1—>sin(<91mm)=n2 =,&,' <1
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Reflection from the Ionosphere

Atmosphere

Ionosphere



Minimum incidence angle for total reflection

Snell’s law:
l-sin(tgmm)Zn(f)-sin(90°)4>sin(9mm):n(f):\/I—L%]

| £\ T L /»
6?>9min——>sm(9)>\/l— fj ,\\/1 s1vn (6’)J<f ,fp<f<cos(c9)

L (0)

/o
cos(0) !

Shorter range: Iy —04 ——>cos(¢9) T—5f<

39



Maximum incidence angle
Maximum Usable Frequency

R

Sin ( emax ) — Earth
REarz‘h + H Ionosphere
MUF = { ; = / . = /s 2
COS — Q1
max \/ I —sin (gmax ) I ( REarth )
REarth + H Ionosphere
H ropnee T —>sin (0, )y —0, ¥ ——cos(0,, )T —>MUF{

Above the MUF — no reflection from the Ionosphere !
60
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MUF vs. Altitude

MUF /f,
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Important notes !

fy 4

T — S MUF =
/s cos(0,..)

H ropnere T —>sin (0, )¥——0, 4 ——cos(0,, )T —>MUF

62
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Lowest Usable Frequency

Below the LUF — high absorption in the D region !

Only during day.

Rises during solar flare bursts.

May creates blackouts for minutes to hours.



D — layer characteristics

0° electrons

3
m

Electron density: N, =1

Plasma (critical) frequency: f, =8.977/N, = 284kHz

Collision rate: ., =1.2-10°collisions per second
Altitude: 50 - 90 km (Mesosphere)

64 1 hickness: 10 km
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D — layer attenuation

= = =
o N H

(o¢]

Attenuation [dB / km]

\ S ——

5 10 15 20
Frequency [ MHz ]

25

30



Optimum working frequency (OWF)

Frequency of optimum transmission (FOT):

J
005(6’ )

max

FOT =0.85-MUF =0.85-

66
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Maximum range

Atmosphere

Ionosphere
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Maximum range

(ht + REarth )2 = dt2 + (H

d

Ionosphere

— ht + REarth

[

sin( t ] sin (6)
REarth

(hr + REarth )2 = dr2 + (H

Ionosphere

r

d _ hr + REarth

sin( [ ] sm(@)
REarth

=1 +1

+ REarth )2 o ZdtREarth COS (9)

+ REarth )2 o 2drREarth COS (9)



Maximum range

R . R
max) — Earth N Hmax — arcsin Earth
R. +H R, ,+H

Earth Ionosphere Ionosphere

+H

Ionosphere

: R
(ﬂ- 29max ) Earth — T — 2 -arcsin ( R carth j ) REarth
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Maximum range vs. Altitude

MUF /f,

lonosphere Altitude [ Km ]

I I 6500
v Fio F,
I I 6000
\\\ I I
I I
\\{\ I 5500
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| \\\\\ | Maxi Dist 5000
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I I
I I 4000
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| /:/
I
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Important notes !

S 4

——> MUF =
/s f cos(6,..)

H

Ionosphere

T—)sm( )i—)é’ i—)cos( )T—)MUFi

H

Ionosphere

T——)sm( )i«——)@ b—51 7T
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Minimum range

Atmosphere

Ionosphere



Minimum range

Sin(emin):\/l_[fpj >0 . =arcsin \/l—(fpj
/ /

R R +H

Earth _ Earth Ionosphere N
sin(0,, ) sin (¢)
. REarth + H Ionosphere . Sin (emin )
—>sin( @) = sin(@_. )=—
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Minimum range vs. frequency
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Important notes !
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Summary

Time | Laver | Altitude Electron Plasma Maximum Usable Alinimum Maximum
density (critical) frequency Frequency distance distance
Higoee | Ne | f,=89TTIN, | vop_ Jo - -
cos(@_ )
Day D TO0Km 4-108 180K Hz 1.22MHz 518Km(@500KHz 377Km
Day E 110Km 2-10!! 4.01MHz 21.9MHz 518Km(@ 7MHz 321Km
Day F1 180Km 2-10!! 4.01MHz 17.3MHz 530Km@ 7MHz 2995Km
1500Km{@14MHz
Day F2 325Km 2-10! 12.7MHz 41.3MHz 304Km(@ 14MHz 3988Km
900Km@21MHz
1736 Km{@28MHz
Day F2 250Km 4-10% 18MHz 66MHz 306Km(@21MHz 3514Km
616Km{@28MHz
Night E 100Km 1.5-10° 348KHz 1.99MHz 2244Km
Night 300Km 5-1010 2.01MHz 6.77TMHz 904Km(@3.5MHz 3838Km
Night | F 450Km 5-10 2.54MHz 7.11MHz 4657Km

/1







	Slide 1: Beyond the horizon and further The theory of HF propagation 
	Slide 2: My homebrew solid-state transceiver
	Slide 3: My homebrew hybrid transmitter
	Slide 4
	Slide 5
	Slide 6: Industrial, Scientific, Medical  (ISM) frequencies
	Slide 7
	Slide 8: Electromagnetic waves propagation 
	Slide 9: Complex propagation factor
	Slide 10: Power attenuation
	Slide 11: Propagation types
	Slide 12
	Slide 13
	Slide 14: Direct wave - Line of Sight – LOS 
	Slide 15: Line of Sight - LOS
	Slide 16: Communication range
	Slide 17: Horizon limit
	Slide 18: Ground wave
	Slide 19: Ground wave
	Slide 20: Propagation in the Atmosphere
	Slide 21: The Atmosphere
	Slide 22: Atmospheric layers
	Slide 23
	Slide 24
	Slide 25: Propagation factor
	Slide 26: Atmospheric transmission at EHF
	Slide 27: The Ionosphere
	Slide 28: Regions
	Slide 29
	Slide 30: Characteristics of different ionospheric layers – Buzztech
	Slide 31: Ionospheric Propagation of Radio Waves Gives Ham Radio Operators "Seven League Boots"!
	Slide 32: THE IONOSPHERE AND ITS EFFECTS ON RADIOWAVE PROPAGATION A guide with background to ITU-R procedures for radio planners and users
	Slide 33: D - Region
	Slide 34: D region – interaction with EM waves
	Slide 35: E - Region
	Slide 36: Sporadic –Es – plasma clouds
	Slide 37: F1 - Layer
	Slide 38: F2 - Layer
	Slide 39: F – Region during the night
	Slide 40: Electron density – m-3
	Slide 41
	Slide 42
	Slide 43
	Slide 44: Plasma
	Slide 45: Dielectric coefficient
	Slide 46
	Slide 47: Dielectric coefficient
	Slide 48: Propagation coefficient
	Slide 49: Plasma (critical) ionospheric frequency
	Slide 50: Ionosonde, chirp-sounder
	Slide 51: Intermediate summary
	Slide 52
	Slide 53: Plasma (critical) frequency
	Slide 54: Refraction index of the ionosphere
	Slide 55: Plasma frequency of ionospheric layers
	Slide 56: Oblique Refraction
	Slide 57: Total Reflection
	Slide 58: Reflection from the Ionosphere
	Slide 59: Minimum incidence angle for total reflection
	Slide 60: Maximum incidence angle  Maximum Usable Frequency 
	Slide 61: MUF vs. Altitude
	Slide 62: Important notes !
	Slide 63: Lowest Usable Frequency
	Slide 64: D – layer characteristics
	Slide 65: D – layer attenuation
	Slide 66: Optimum working frequency (OWF)
	Slide 67: Maximum range
	Slide 68: Maximum range
	Slide 69: Maximum range
	Slide 70: Maximum range vs. Altitude
	Slide 71: Important notes !
	Slide 72: Minimum range
	Slide 73: Minimum range 
	Slide 74: Skip distance
	Slide 75: Minimum range vs. frequency
	Slide 76: Important notes !
	Slide 77: Summary
	Slide 78:  עם ישראל חי !

