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Antennas & Free Space Propagation Equations

Are They True or False ?
Jim Andrews, KH6HTV

In the previous issue we discussed some of the principles of antennas. This got me to thinking about
some relevant antenna work I did at NBS-Boulder in the 1970s, and then again at Picosecond Pulse
Labs in the early 2000s. While it is not directly relevant to this journal's main mission of Amateur TV,
it still relates to radio waves, antennas and propagation. I hope you the readers will bear with me on
this issue being a bit longer than normal and diverging somewhat from ATV.

So, the two questions I want to pose to our readers are:

1. Do Antennas behave the same for both transmit and receive ? i.e. does reciprocity hold ?
My answer is both "Yes and No"

2. Is RF propagation Path Loss dependent upon wave-length ?
My answer again is "Yes and No"

Why the Yes & No answers ? It depends upon the nature of the signal. Is it a single frequency sine-
wave, (narrow band signal) -- or -- a very broad band signal, such as a transient, time domain signal ?

In 2003, I presented a paper entitled "UWB Signal Sources, Antennas & Propagation" to an IEEE
Wireless Communication conference in Honolulu. It was then published by my company, PSPL, as an
application note, AN-14a. I am reprinting it here in our ATV Journal. If you want to jump directly to
the answers to my question 1, go to page 3. for question 2, go to page 7. My other PSPL application
notes are available on my web site at:  https:/kh6htv.com/pspl-app-notes/
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ABSTRACT: This paper discusses the history
of Ultra-Wide-Band (UWB)} wreless and
considers spectrum 1ssues. It deals with UWEB
signal sowrces, including step,  1mpulse,
monocyele and if pulses. It miroduces new NLTL
technology that can generate &V, 4 ps pulses and
that can be used for 10 Gh's, millimeter wave,
TWB wweless LAN=.  Several UNB antennas
are presenfed meludmg: comcal, TEM hom,
D*dot, monopole and wave gzmde hom.
Experimental proof 15 given that TTWE free space
propagation 1s not wavelength dependent. Sixtesn
refarences are included.

UWE HISTOERY: Waorldwide interest i Ultra-
Wide-Band (TTWE) wireless has mmcreased zreatly
with the release mn Feb | 2002 by the FCC of their
first authorization for UWE [1.2]. UWE 15 usually
considered to be wireless commumication or
remote mg using non-smusoidzl eamers, or
simsoldal camers of only a few cycles duration.
While UWE i1z the cument popular acromym,
hterature searches on this subject should also
melude such key words as:  mmpulse radar,
Harmuth orthoponal funchons, camer-free, non-
simmsoldal baseband, video pulse, GPE, atc. The
FCOC's definthion of an UWB device 1= any device
whose emissions have a fractional bandwidth
greater than 0.2 or cceupy =1.5 GHz of spectrum
[2]. The early hastory of UWD really dates back
100 years to the buth of radio. The sarhest spark

gap tramsmitters were in reality spark generated
mipulse excitztion of a resonant anfenna.  Radar
as developed m the 1940s, typecally used
mucrosecond pulse modulation of a microwawve
sine wave, and thus had a very low frachional
bandwidth As such, classical radar 1= not
considered to be UWB. The more cwrent history
of T'WE dates to the 60: & 70z with pronsermg
work done by Dr. Gerald Ross at the Speny
Reszearch Center and Dr. H F. Harmuth at Catholic
Umv. A good luistory of the advances dunng thas
period 15 found i EE Millers book [3]
Another good, more recent book 1= JD. Tavlor's
on UWE Radar [4].

UWE SPECTREUM ISSUES: A detailed
knowledge 15 requred of the spectum of the
UWDB sowrce and also the effect of the radiating
antenna on the resultant emitted spectrum. In the
FCOC's approval of UWE, they placed restichons
on the allowed UWE emussion specttums. For
ground penstrating radar (GPR) they requived that
emissions be below 960 MHz. For mest other
applications, they reqmred emussions remain
within 2 -10 dB bandwidth from 3.1 to 10.6 GHz.
They had partcular concerns about mterference to
GPS systems. For UWB vehicular radar, the FOC
restnicted the -10dB bandwidth to 22-29 GHz
As part of the FCC UWB study, they recerved
mput from NTIA.  NTIA's posihon was "We
would also like to draw the attention of UWE
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developers to the availability of several frequency
bands above 40 GHz where some of these tvpes of
systems could be operated i conformuty with the
applicable allocations." [3] Although the FCC
did not mention specifically the use of milhmeter
frequencies 1n its first 'WE report, 1t did state "
... we mtend to review the standards for UWE
devices and 1zsue a further mle makimg to explore
more flexible techmical standards and to address
the operation of addibonal types of UWE
operations and technology” [2].  Thus it would
appear that there mught be more opportunities for
UWE operations at the hgher GHz, milhmeter
frequencies.

LTWB SOURCES: The most common
electrical signals used to drrve UWEB antenmas
melude steps, 1mpulses, and mono-cveles [6]
Enowledge of the spectral content of each type of
signal 1= mmpertant 1 determrming the amount of
filtering requred to meet FOC requirements. A
step-like pulse has a large amount of spectral
energy at low frequencies with the spectrum
falling off as 1'f. A nawow, impulsive-like pulse
has a flat spectram of 5. =V * Ty, 1.2 the area of
the pulse, where Viy 15 the peak amplitude and T,
15 the 50% duwration. The high frequency content
of either the step-like or impulse-hke pulse 15
hmated by the speed of the transittons mwvolved,
erther the step nsetime, T, or the mmpulse
duration, T;. For ideal waveforms, the first null,
f. in the spectrum occurs at 1T, {step) or LT,
(1mpulse). Bevond f., the spectral confent of
these pulses die rapidly and typically follow an
equation of the form (sm(0VE)" The most
mportant conclusion to be drawm 15 that
generating UWE frequencies in the microwave or
Hz range requmes pulse transitions in the ultra-
fast, picozecond domain. For ground penstrating
radar (GPR} m which the spectrum mmst be
contained below 1 GHz, pulse durations must be =
%2 ns. For operation m the 3.1-10.6 GHz UWE
band, pulse durations {or nsetimes) need to be of
the crder of 50-100 p=. To achieve a reasonably
flat spectrum to the millimeter wave region
bevond 50 GHz requires a nsetime or mmpulse
durztion of 10 ps or less.

A monocyele or parow EF pulse wall conserve
spectum and come closer to meetmg the FCC

spectum requrements.  The spectrum of such a

signal can be analyzed az pulse AM modulation of
an 1f sine wave camier. The spectrum of the
baseband modulating pulse 15 thus shifted
upwards m frequency and centered on the carmer
frequency. For rectanzular pulse modulation, the
spectrum has the classical sm(30)/ 7 shape on each
side of the camer with the first oulls ocowning at
£ +1Ta& £ - UTa

To generate these wanous waveforms, one
nomally starts with a very fast msetime edge,
step-like pulse. To obtain an mmpulse, one then
takes the first demvative of the step nseiime. To
obtamm 2 monocycle, one takes the first denvative
of an mpulze or the second denvatrve of a step.
To obtain a namow 1f pulse of a few cycles
duration, the techmigue often used 15 to "sheck
excite” a band-pass filter with either a fast rise
step pulse or a namrow impulse.  If the UWE
antennz 15 appropnately desigmed. it can funchion
as the band-pass filter. If insuffictent power 1s
obtamed from these elementary generating
methods, then a wideband post amphfier s
required.

To obtam GPE pulses of = 1/2 os to a few ns
durzhion, various lngh power sentching transistors
or FET: can be used. Awalanche trapsistors are
often used and thev can generate peak power
levels from 50 watts to several kilowatts. For the
3-10 GHz UWB band, the selection of available
devices 15 much smaller. Step Eecovery Dhodes
(SEDs) have been wsed for many years to generate
50 - 200 ps edzes with amphitudes of several volis.
There are now also available some FETs and logic
IC: which were developed for 5-10 Ghb's fiber
optic  applications which produwee 1 WV
differential pulses with 50-100 ps edges.

To achieve = 10 ps edges to reach out to the
milhmeter range, the choices are wvery hinmted
(Omne new promusing technology that 15 just mow
becoming commercially available is the MNon-
Lmear Transmussion Lime (NLTL) Edge
Compressor [7,8]. MNLTLs can be dnven over
extremely wide data rates from kbits's to bevond
12 Gb'zec.  Thus thev offer the potential of
creatng 10 Gb's, millimeter, TTWEB, local area
wireless networks. An NLTL 15 a synthetic
transmission lme [¥] consisting of senes mductors
and shunt voltage vanable capacitors provided by
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varactor diodes, Fig. 1. The fime delay through
the NLTL 15 a function of the signal amphiude.
For the diode polarmty shown m Fig. 1, and a
pozitive polanty imput pulse, the lower voltage
poriions of the pulse are delayved more than hagher
voltages. This has the net effect of compressmg
the nsmg edge to a faster nsetime, Fig. 2. The
opposite effect 15 produced on the traling, fallmg
edge of the pulse. Fig. 3 shows a & Volt, 4 ps
nsetime pulse generated by a commercial NLTL.
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Fiz. 1 Non-Limear Transmussion Line Schematic

Fig. 2 Input & output (---) pulses for a posifive

O
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Fiz. 3 6 Volt. 4 ps nsetime pulse from PSPL
MLTL pulse gen. as measured by PSPL 100 GH=
sampling oscilloscope. 1 Vidiv & 5 psidiv.

TWEB ANTENNAS: There are almest no
companies sellnz commercial UWE antennas.
One excephion 15 Farr Research, m Albuguerqgue,

NM, www famr-research com.  However, since the

garlv 1970s there existz in the techmcal hiterature
a very large quantity of papers on UWB antennas.
Much of the early pionmeering work on UWE
antennas was dome at NBS [10, 11] and mn the
military EMP commumity.  Perhaps the largest
body of publizched work 15 mn the Air Force
Research Labs collections [12], edited by Dr. Carl
Baum.

A very important but frequently overlooked
concept about UWEB antenmas 15 that the
commonly zccepted pnneiple of antenna fransmit-
recelve reciprocity does not exactly hold true for
their time domain performance. D Motohesa
Kanda, of NBS, has shown "that the transmitting
transient response of an antenna 15 proportional to
the ttme denvatmve of the recening transient
response of the zame antenna” [11]. His
derivation in section 5.1 m ref [11] shows that
there 1= an extra "jo" factor in the anfenna
reciprocity relationship. For engineers working mm
the frequency domain at a2 single frequency, or a
namrow band of frequencies, thiz "jo" term simply
amounts to a 90-degree phase shift term 1e
converts the frequency domam sine wave info a
cosine wave. Lhus it has been ignored in the
claszical frequency domam anterma desigm and
everyone has assumed that an antenna’s gain 1s
identical for erther transmithng or recerving. In
the tme domain, however, this "jo” term has a
dramztically  different effect of  ether
differentiating or integrating, depending upon the
usage of an anterma.

For metrology pwposes, the antennas
recommended by NIST are the conical antenna for
trapsmission and the TEM bom for reception.
The comical antenna radiates an E-M field that 1s
identical in waveform to the voltage dnving the
antenmna, The TEM bhomn antenna cutputs a
voltaze waveform that 15 1dentical to the merdent
E field. Amnocther receiving antenna that 15 also
used for metrology pwpeses 15 the D*dot probe.
Its voltape ouiput i1s the first denvative of the
mecident E field

A mumzture T'WE antenna range, Fiz. 4, was
desizned to demonstrate the pnneples of UWE
frapsmission, reception and propagaton.  The
TWE metrology antennas demonstrated on thes
range include the comeal TEM horn and D¥*dot
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Fizg. 4 Mimatwe UWE Antenna Fange. Antennas shown inchide a conscal antenna,
TEM Homn antenma, D*dot probe antenna and a Vertical Monopole Antenna.

Channel 3

Of fset
22500 U |
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autascale

Extarnal
acale...

Calibrate. ..

Fiz. 5 4 Volt, 9 ps nsetime, step pulse used for UWE antenna testing.  Measuwred by an HP
50 GHz, 9 ps nsetime, sampling osclloscope.  Scales are 750mV/div & 10 pafdiv.
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probe. Monopole anfennas and wave-guide horn
antennas were also studied. Both differentiation
and mtegration effects in the fime domain will be
demonstrated by  these +vanous antennas.
Construchion details for the anterna range and the
antennas are found at the end of this paper. The
ultra-broadband test input signzl used on this
anternna range was a 4 V, 9 ps nzetime step pulse
from an WLTL pulse sowce, Fig. 5. With the
conical tensmithng antenna, the meident E field,
E,.. onofo the wvarious test antennas 15 a close
replica of this waveform  All of the waveforms
shown in this paper were measuwred usmg a HP-
547528, 50 GH=z, 9 ps nsetime oscilloscope. A
35 om, Gore, SMA coaxal cable was used to
connect the antennas to the oscilloscope. The
nsetime of this cable was 9 ps. Thus the
composite nsetime of the pulse geperator, coax
cable and oseilloscope was 16 ps.

CONICAL ANTENNA: The conical anfenna
suspended over a large metal ground plane 1= the
preferred antenna for trensmitting known transient
electro-magnetic waves. This fype of antenna 15
used by NIST as thew reference standard transient
transmithng antenna [13].  This antenna radiates
an E-M field that 1= a perfect rephca of the driving
point voltage waveform.  Thus antenna can be
analvzed as one half of the bi-comecal ransms=sion
hne [14] with 2 wniform charactenistic impedance
given by

Zame = (n/27)*In [cot(d/2)] (1)
where 1 15 the free space 1mpedance of 377 @
and f, 15 the sohd %: angle of the cone. A 4" cone
has a 200 2 mopedance, while a 47" cone 1=
required to achieve a 50 @ impedance. The
electnic E field generated at radius, r, and angle, A,
15 grven by

E & (1.0} = Viee (e} Hr * sm(§) * In [cot(B/2)]}

vahd only fort =i /e 2

The drng point voltage at the base of the

conical antenna 15 gven by

Viae(t) = Vialf) * Bosee | (Fome + Rye)  (3)

An mmportant point to remember when using the
comical anternma 15 that egn. 2 15 only vabd for the
fime window up to T, =1/ ¢, where [ 1= the length
of the anterma. For t = T, the onginal incident
wave launched on the anterma has reached the end
of the antenna and 15 reflected, thus sefting up a
series of multple reflections on the anfenna
radiating element The radiated E field 15 thms no
longer a replica of the dnving pomt voltage, but 15
now commupted by the mmlbple reflechions.
Practical UWE comical antenmas will include
resistve loading on the far end of the antenna to
help suppress mmltiple reflections. The upper
bandwidth of a comical anterma 1z mainly
determined by the fidelity of the coax connactor to
conical anfenna transiion region. If a comeal
antenna 15 used as a recerving anfenna, 1t output
15 the integral of the incident E field.

TEA HOEIN ANTENNA: TEM heons are
the most preferred metrology receming anfenna
for making a direct measurement of transient E-M
fields. The TEM hom antenna 1= basically an
open-ended parallel plate transomssion Ime. It s
tyvpically built using a taper from a large aperture
at the receiving input down to a small aperture at
the coax conmector output.  The height to width
ratio of the parallel plate 15 mamtamed constant
along the length of the antenna to mamtamn a
umiform charactenistic impedance, B, The
output from a TEM antenna 1=

Veulf) =her * Einelt) * Faes ! (Baw + Facd)  (4)

where hyr 15 the effectve height at the aperture of
the antenma. Thas equation 1 only valid for times
less than twice the electneal length of the antenna.
Ideally to suppress multple reflachons, the
antenna impedance should mateh the 50 £ output
cable. However, to ophmize sensitvity, most
TEM antermas are designed with a 100 £ anfenna
impedance.  Practical UWEB TEM homn antennas
are nsually designed with resistive loading near
the mouth of the antenna to help suppress multiple
reflections. The upper bandwidth of a TEM
antenna 15 mainly determumed by the size of its
aperature and secondarily by the parallel plate to
coax connector fransiion.  When the aperture 15
too large relafive to the wavelength of mmcident
fields, the parallel plate ine becomes a wavegmde
with higher order TE and TM modes present
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which in twm lmit its bandwidth. If a TEM
antenna 15 used as a transomf antenna, the radiated
E field 15 the first denvative of the mput drving
point voltage.

FSFL 4050+ TIODIF AILIEE

TCH [OME XNALT AAT LECH TER FCU AAT 24N DEITRACE

I AU 5 PI OFER DLW

Fiz. 6 Transmission from a conieal antennz to a
TEM horn antenna over a 25 cm path.

were separated by 5 meters. Thas recerved signal
15 pdentical in wave shape to the 25 cm path, Fig.
6, except that 1t 15 weaker in amplitude. Fig. 8
shows the recerved waveform when transmittmg a
step E-M field between a paw of identical comeal
antennzs. The resultant received output, nsmg
ramp, waveform 15 the mtegral of the generator's
step pulse. This dlustrates that a conical recerve
antenna mtegrates the mmcident E fleld Fig 2
shows the recerved waveform when using a pair
of identical TEM hom antennas for transmit and
receive. The resultant cutput, impulse, waveform
15 the first denvative of the pulse generator's step
pulse. This illustrates that a TEM hormn transoont
antenna radiates an E field which 15 the first
derrvative of the signal generator's waveform.

FSFL 4050+ TIODIF AILIEE

TCH [OHE XNALT AAT ISCH TEN ACU ANT T NETER DISTAMCE

0. 43U 25 PIOPER DLW

t -
PEAL AMETNF PILEER I -

qiH COME AT AWT TH COME ACU AWT ~2alt D1ATAMCE

aMu FSFS PER DU

Fig. 7 Transmission from a conical antenna toa
TEM hom antenna over 5 meter path.

TWE CONE - TEM ANT. EXPERIMENTAL
RESULTS: To demonstrate faithful TUWE
radiation and propagation the conical antenna and
TEM homn shown on the test range, Fiz. 4, were
used. The 4 V., 9 ps nze pulse, Fig. 5, was
comected directly to the comical antenna. The
output of the TEM hom anterna was connected
through the 35cm cable to the 50 GH:z
oscllloscope. The conieal antenna was 7 em hagh
and had an impedance of 132 £, The TEM homn
was 15 em long and had an impedance of 106 £
For most of the expenmental data shown m thas
paper, the separation between the antennas was 25
em.  Fig. 6 15 the output of the TEM hom
antenna. This shows a 23 ps nsetime step
waveform that 15 In good azreement with the mput
waveform, Fiz. 5. Fig. 7 shows the output from
the TEM horn antenna when the two antennas

Fiz. 8 Trensmission between a pair of identical
conical antennas.

PIPL M20+7M% PLLIER

LZCH TER BNIT ANT 13N TEM ALY ANT IECN DISTAMCE
L t

Sbe—t |
t S0AY 25F3 RER 014

Fiz. 9 Transmission between a pawr of identical
TEM hom antennas.
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UWE PROPAGATION: Classical radio
theory [13] states that the free space path loss 15 a
funchion of wawvelength and 15 given by the
following equation:

Path Loss (classical) = (@=*r/ L) 2 (3
ormdB= 20*log(dx*r/ L)

where r 1z the path distance between antennas and
* 15 the wavelength.

"It 13 a common misconceptton that free space
propagation 15 wavelength dependent” [16] The
reason for this musconception 15 the underlying
assumphon o radio enginesrmg text books that
one 15 caleulafing the loss at a specific frequency
between two 1sotroplc antennas or A2 dipoles.
The voltage mduced mio an antenna 15

Vi = By * B (&)

For A2 dipoles, the effectrve height, heyr , s
directly proportional to the wavelength. Thus the
recerved power 15 In fact reduced az the
wavelength decreases, but the loss 15 not m the
path, but rather due to the fact that a shorter
antenna 15 being used — The above path loss
equation (3) works fine for peopls working solaly
m the frequency domam with namow band
antennas.  However, for ttme domam, UUWE
signals, this equation conveys false mmformation.
When dealing with TTWE signals, the path loss
should really be considered mot for the output
voltage from an antenma, but rather for the
Povnting Vector, Power Density, P, in Watts/ m®
or the E field in Volts'm incident upon the
recerving antenna,

Ps=E’/n g

where 17 15 the free space mpedance of 377 £
From this perspective, the path loss then 15 due
solely to the sphencal geometry of an expanding
wave emzanating from a point source at the center
of the sphere. Fecall that the total radiated power
15 equal to the sphencal ntegration of the
Povnfing vector over the whole swrface of the
sphere. Thus the path loss equation should
mstead be simply the ratio of 3 unit area of 1 m' to
the total smface area of a sphere of radius r (In

Path Loss (in dB) = 10*log[ (1 m®) / (4 )] (8)
= .11dB - 20*logir)

Experiment: were performed at various anfenna
separations to verify that the path loss theory of
eqn. (8) was valid. The expermments showed that
the sirength of the radiated E field was in fact
mversely proportional to the path distance, r.

Angther arpument against inchuding a wavelength
factor in the path loss 1= —- if the path loss were
really m fact a2 fimcthon of wavelength (Le.
specoum), then the higher frequencies i a
radiated UWDB =ignal would be seversly
attermated and the received waveform would be
grossly  distorted and smeared out from the
transmitted waveforny. That 15 not the case at all.
Figs. 6 & 7 showed the idenfical recaived sigmals
at the TEM hom antenna over both 2 25 cm and 5
meter paths. These waveforms are identical m
shape to those of the signal generator and are onlv
attepmated mm amphinde as a funchon of the path
length. When drven by the step-hke voltage
waveform, the comcal antenna radiated a step-hike
E field, which in torn induced a step-like voltage
waveform mto the TEM homn antenna.  The onlv
nsetimefrequency lmutations were the finite
bandwidths of the anfennas and mnot the
mtermediate free-space path loss.

OTHER ANTENNA EXPERIMENTS: The
remainder of this paper will demonstrate the
UWB performance of several other antennas.
They meclude the D*dot, monopole, and
wavegmde born antennas.

DFdot PROBE ANTENNA: The D*dot antenna
15 another popular T'WE metrology antenna. The
D*dot antennz 15 basically an extremely shert,
monopole antenna [14].  The equivalent anfenna
circuit comsists of a senes capacitance and a
voltage gemerator, Ve, given by eqn (6) above.
For a wvery short monopole, the anfenna
capacitance 1= very small and the capacitor thus
acts like a differenhiator to transient E-M fields.
Therefore the cutput from a D¥*dot probe antenna
15 the first dermvative of the meident E field. To
determine the actuzl wave shape of the meident E
field, one must imfegrate the output fom the
D¥*dot probe. When the frequencies become too
lugh, the D¥*dot probe loses 1z denvatve
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properties and it becomes a monopole antenna.
This happens when the length of the D*dot probe
approaches a guarter wavelength of the mmcident

WaAVE.

FIFL 4050+ TIODIF AILIER
TCH [OME XNLT AHT 0. [T FADEE FCU AHT LZCH DISTRHCE
! ! n_ S — — - . — .
[MTEGRALLD, 1IT]
-
IR IR .
fa!
s
T t
i i _ll' ey D, [T TPUT i i i
I i :
I 4 NV 2T PI PEE DIV

Fiz. 10 Transmussion from comcal antenna to
D*dot antenna. The lower trace 1= the output from
the recerve antenna. The upper frace 15 the
mtegral of the lower frace.

FIFL 4030 TIIF AILSER

.47 FADAE MIIT AHT 13CH TEN ALY ANT 3TN DLSTAALCE

T EU Z5RE PER DY

Fiz. 1] Transmission from a D¥dot antenna
to a TEM hom antenna.

PEAL MEQ+T0F PILIER

D007 PROEE #HLT WAT | b, 00T FACBE ROU WNT 500 D13TAMCE

'
S A

2 HU ZEFT PER OO0

Fig. 12 Transmission between a par of 1dentical
D*dot antennas.

Fiz. 10 15 the output from a D¥dot receive antenna
when 1t was llumunated with a step E-M field
radiated from a conical tramsont antenna.  The
lower trace 1s the actual receive antemna cutput.
Ttz a 19 ps wide impulse which 1= consistent with
the anfenna'’s output being the first denvative of
Eiw. The upper trace 1= the computed mtegral of
the lower trace. It has a 19 ps nsetime step and 15
a good representation of the ncident E field at the
antenna.  Fig. 11 shows the radiated field from a
D#*dot transmit antenna. It was received by a
TEM hom antenma Thiz shows that the
frapsmithng  fransient response of the D¥dot
antenna 15 the second denvative of the dnving
generator voltage. Fig. 12 15 the received output
signal using a paiwr of D¥dot antenmas for both
trapsmit and receive.  This sigmal 15 the thod
denvative.

AMONOPOLE ANTENNA: A meonopols
antenna was Included in this UWE study, becausa
it 15 the most findamental building block anterna
for most anfenna designs. It 1= the quarter wave
whip antenna above an infimte ground plane. The
monopole antenna 15 sometmes used as a sumpler
version of the comical antenna for transmithng
U'WB signals which are sinmlar m wave shape to
the dmving point voltage. However, its radiated
fields are not as umform as those for the comeal
antermz. Itz driving point mmpedance 1= not
constant, but nses as a funchon of time.  Ths
leads to distornon of the radiated E-M felds.
TDE studies of a monopole confirm thas
statement. Fig. 13 shows the radiated E field of
2 10 om monopols. It resembles the step E fiald
from the comical antenna, Fig. 6. However 1tz top
bne 15 mot flat, but zaps with mereasing time
This 15 due to the pon-uniforms TDR impedance of
this antenna.

When 2 monopele 15 used for receiving transient
E-M fislds, 1t output 1= the integral of the incidant
E field Ths 15 show expenmentally in Fig. 14.
The lower trace 15 the antennz output. It shows
an almost monotomcally nsing ramp which s
consistent with the mtegral of the step meident E
field. The upper frace 1= the caleulated first
denivative of the lower trace and 15 somewhat
representafive of the step Ei.. Fig. 15 shows the
ouiput uzing a pair of 10 cm monopoles for both
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fransmit and recerve. This 1z essenfiallv the
mtegrzl of the generator's step pulse. The
mtegration effect can be explained =imply.
Assume an impulsive E field 15 meident upon the
monopole at 3 9" angle to m= ams.  Thus a
cwrent 15 induced simmltaneously m each
differential element, dx, of the antenna  These
cwrrent elements, 4, thus start to flow towards the
output comnector of the antenma.  Thev do not
amive at the output somultaneously, but m
sequance. Thus the output appears as a step
funchon, which 15 the mtegral of the mecrdent
mpulse.  The mfegrating effect of this antenma
only lasts for t = 1/ e, where [ 15 the length of the
antenna. This effect 15 demonstrated mn Figs. 16
and 17 for a transmuting recenving paw of shorter
2 om monopole antenmzs.  Fiz. 16 shows the
oufput starts off like a msing lmear ramp, as m
Fiz. 15, but due to the short length of the antenna,
this stops after [ /¢ = 67 ps and then the multiple
reflections on the antennas predominate. This 1s
shown vividly in Fig. 17 on a slower speed of 100
pa'drv in which the resonance frequency of the 2
cm aotennas 15 obvious as a damped mmging,
sinusoid.

FIFL 4090+TOMIF FAILSER

10CH NOHOPOLE MMIT AMT 120 TER FCU AHT FN DISTAMCE

H

R s S R N

-
s " . . 1 !
LU 25 PI FER DIU

Fiz. 13 Transmission from monopole to TEM

FIFL 4060+ TOOIF AILIER

TCH COME MNNAET AHT LOCH MOMIFILE ALY AWT IZCN DIITRALCE

o1 | I ey

" I
| =1 WIMOFOLE GUTFUT
e I
e =1

A HU 3 PIOPER DIV

Fiz. 14 Transmission from comcal to monopole
Lower trace rov. ant. output. Upper trace 1= dV/dt

PIPL 9031+700F PULIER I 1

LOCH MIMOFILE XHLT ART 10CH NOADPOLE FCU ART 00 DISTAMCE

Lonl 5F3 PER DU

Fig. 15 Transmission between a par of identical
10 em monopole antennas.
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Fig. 16 Transmission between a par of identical
2 cm monopole antenmas. 25 ps/div.

PEAL 0GP PILIER
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Fig. 17 Transmission between a par of identical
2 cm monopole antennas. 100 ps/div
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GAIN /| BANDPASS ANTENNAS: Most
practical UWEB systems will not in fact use the
UWE metrology antennas dizeussed zbove. To
meet FCC spectum requrements, considerable
band-pass filtennz will need to be done. The
paricular anfenna chosen can accomphsh ths
We present here an example suitable for the FOC
3.1-106 GHz UWB band  The antennas used
were E-Svstems, C-band, wave gwmde, hom
antennas. A network analvzer VSWE test of thes
antenna showed 1ts pass-band (= 3:1 wvowr)
covered from 4.7 to 10.1 GHz. Fig. 18 shows the
result of using a pawr of these C-band hom
antennas for both the tapsputting and receiving
antermzs. The transrmt antenna was driven by the
4V, 9 ps pulse, Fig. 5. The antenna separation
was 5 meters. The output no longer resembles a
step, but 15 in fact the step response of a band-pass
filter, which 15 a damped nnging sinuseid The
frequency of the sinusoid 1= near that of the band-
pass filter's center frequency. If the filter 1s
narrow-band, then the sirm=oid will nng for many
cveles. The wider the band-pass of the filter, the
fewer cyeles there will be in the sinusoid = The
gamn of these anfermas 15 now quite apparent
compared to the conical / TEM bom combination
of Fiz. 7. The damped simusord has an ampliade
of 27 mVi,, versus the 2.4 mV step amplitude.

FEFL. 40E0. TAOIF FILIER [T BAAD HIEH MHIT AMD ALY AMTI

3 NETER DISTAKCE

i t I

- - L T | it ! - !
B 1 r Fal

L Y i

, .:\,II. ot ”H“.\._.':'M .

L3

= M LM PI FER DIV

Fig. 18 Transmission between a par of identical
C-band wavegmde hom antennas. 5 meter path

ANTENNA DETAILS: The antennas
used for this paper are simple to fabnicate. The
minl-anfenns range consisted of an 36 cmx M cm
ahummimim plate.  Bulkhead mount SMA jacks
(CDI p/m 5110CC) were used for the antenna

CO3xX conmectors.

For the comical antenna a brass sheet was rolled
mte a comical shape and soldered onto the SMA

connector's extended center conductor. The
extended Teflon msulator was not removed. The
height of the cons was 7 em. The cone's % sohd
angle was 12°. A TDR test showed the cone's
mpedance to be very umform at 132 Q.

The TEM hom was fabnicated from a 0.015" brass
sheet. The overall length was 15 em. It was
supported at the mouth by an §-32 x 1" oylon
spacer with nvlon screws.  The height at the
mouth was 2.6 ecm.  The width at the mouth was
3.8 em.  The height to width ratio of 0.68 was
mamntained along the entire length of the antenna.
The approxmmate incline angle was 97 The
tapered end was soldered to the SAMMA jack's
extended center conductor at a height of 1.9 mm.
The exposed Teflon on the SAMA was removed
A TDE test showed an abrupt TDE. jump from 50
£ at the connecter to 106 Q along the entire
length of the anterma. It should be noted that
earlier attempts to fabneate this antenna using
copper plated, prnted cwreuwrt boards wers not
satisfactory. The presence of the p.c. board
dielectrie matenal alongside the metal swface
leads to phase distortion and resultant slower
risetimes.

The D*dot probe antenna 15 simply an SMA jack
with the extended Teflon cut back flush to the
momnting nut.  To maximire the bandwidth, the
length of the jack's exposed center conductor was
trimmed back to 1.8 mm. This gave a L4 cutoff
frequency of 42 GH=.

For the monopole antenna, the extended Teflon
dielectric of the SMA was trimmed back flush
with the mounting out. A 10 cm long, 0.17 dia.
brass rod was shpped over the comnector's
extended center conductor and soldered m place.
A TDE test of the monopole showed that 1its
mpedance vared from 150 © at the SMA end to
300 £ at the farend

Theze antennas were all bmlt =olely for the
purpose of demonstrating the early ime properties
of UWE sigmals. Most anfennas bult for UWE
purposes alse include m ther design resistive
loading along the antenna stucture. This 15 done
to help suppress the multiple reflections that
eventually occur when the antenna 1s pulsed.
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WAVE-COM Feed-Back: John Kozak, KO0ZAK, writes --- "Hi Jim, I also have a box of
the Wavecom, 2 GHz video transmitters. I've found a bunch of info on modding them over the years
but never did anything because my house is not good for microwave communications. WB7UBB used
to offer a re-programmed PIC chip that put all 4 frequencies in the ham bands. I'm not sure if he ever
posted the code for it. You might also check out the following links for more good info..  I'll have to
dig mine out and start playing with them again."

2.4 GHz FM ATV - a project concept

P.C. Electronics 2522 Paxson Lane Arcadia CA 91007-8537 USA €2004

Tel: 1-626-447-4565 m-th 8am-5:30pm pst wrc-5 Tom (WSORG) & Mary Ann (WBEYSS)

24 hr FAX order line 1-626-447-0489 Email: Tom6ORG@hamtv.com
Web site: http://www.hamtv.com

4 This project started back in 1996, while searching about the internet, ATV
magazines, etc... in search of building blocks for 2.4 ghz FM ATV equipment. I felt,
with the recent explosion of consumer goodies in that part of the spectrum, that
surely there would be a device already being mass produced as a wireless video
sender that could serve as a platform for an Amateur Television system. I put out a
few 'fellers' on the web, and info started flowing in. This page is a culmination of the
efforts of many people, from ATV groups everywhere.

eLecTronics  Wavecom 2.4 gHz Receiver Modifications

The Wavecom Jr or Sr. is a TV transmitter and receiver system intended for license free operation by
anyone and Type Accepted under Part 15 of the FCC Rules. 25 mile line of sight DX is possible with these units
after modified. WCI-2.4 board added and direct connection to Andrews 26T-2400 dishes at both ends. The WCRI-
2.4 board has dual squelched speaker amps and S-meter output also. Since two of its channels are within the 2410-
2450 MHz ham band (chl is 2434 and ch 4 2411 MHz ). any licensed Radio Amateur can modify them for ham
use. For $25 plus $5 shipping Brian Miles, WB7UBB (check or MO to 12015 N 34th ST, Phoenix AZ 85028 -
wh7ubb@cox.net) will supply a renlacement PIC16C54A with all 4 channels in the ham band (2398, 2412, 2428

https://www.wbdiuy.net/teara/atv4-frm.html https://www.wbdiuy.net/teara/pdf/wcri-24.pdf

Engel 2.4GHz RX

Modified to cover 2.3GHz to 2.7GHz

with frequency readout.

Steps of 0.25MHz or 4MHz

=

A simple PIC project, the basic model uses a PIC16F628A
micro, 16 character LCD display along with a handful of
discrete parts.

After the mod, the unit will tune from 2.3 to 2.7 6Hz

rentininichs

There is also a narrow scan feature that is enabled by
powering up with either one of the buttons pressed. When in
this mode, the frequency limits are 2.4 - 2.5 6Hz, where
most wireless video transmitters operate.

Tho now eunn dotort antinn ic huilt an the enms norfhanrd ne

http://www.glivg.com/2.4ghz_rx.htm

https://ringolake.com/pic_proj/wavecom/wavecom_rx.html

GETTING ON 2.4 GHZ FM ATV
Revisited
Bill Parker - WSDMR
2738 Floribunda Drive
Columbus, Ohio 43209

The WaveComm 2.4 Ghz Transmitter and receiver may be pur-  in lenzth and the shisld of the RG-6 Coax mmst be soldersd to

chased for about $125 (Qty of 5, from Mel Shadbolt). The TX &  the ground foil of the PWB and the shield case

R aze of axcallent quality and workmanship. The main disad-

vantage is the low output power of about 0.25 (1/4) of one milli-  Removing the 8.9 dB pad will raise the output power from 0.25

watt milliwatts to about 2.5 milliwatts. The next step is to 2dd a
MMIC amplifier, Type ERA-5, manufactured by Mini-Cireuits

There is about 2 10 dB attenuator that can be removed. The pad
consists of three resistors, 100, 680, 100 ohms. The pad is locat-

23 2Bmw =+ A Wlasbinm mmmeaibon wmd hafann tha BT Elinw Tha

The amplifier has about 2048 of gzin (100 times) at 4 Ghz. It

will increase the output power to sbout 200 millivwatts or 0.20

Also check out this article in an old ATV Quarterly magazine, Fall, 1997, pp. 20-23 -- lots of details
on how to modify the WaveCom
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Newsletter Details: This newsletter was started in 2018 and originally published under the

title "Boulder Amateur Television Club - TV Repeater's REPEATER" Starting with issue #166, July, 2024, we
have changed the title to "Amateur Television Journal." This reflects the fact that it has grown from being
simply a local club's newsletter to become the "de-facto" ATV newsletter for the USA and overseas hams. This
is a free ATV newsletter distributed electronically via e-mail to ATV hams. The distribution list has now grown
to over 900+, both in the USA and overseas. News and articles from other ATV groups are welcomed.
Permission is granted to re-distribute it and also to re-print articles, as long as you acknowledge the source.
Newsletter Archive: All past issues of the newsletter are archived on the web site:
https://kh6htv.com/newsletter/ A free DVD with all past issues is available upon sending an e-mail request to
the editor.

Boulder CO - WOBTV Details: Inputs: 23 cm Primary (CCARC co-ordinated) + 70
cm & 3 cm secondary  all digital using European Broadcast TV standard, DVB-T with standard 6 MHz wide
TV channels. Frequencies listed are the center frequency of the TV channel.

23 cm = 1243 MHz (primary), 70 cm =441 MHz & 3 cm = 10.380 GHz

Outputs: 70 cm Primary (CCARC co-ordinated), Channel 57 -- 423 MHz with 6 MHz BW, DVB-T

Also, secondary analog, NTSC, FM-TV output on 5.905 GHz (24/7 microwave beacon).

Operational details in AN-51d  Technical details in AN-53d. Available at: Attps://kh6htv.com/application-
notes/  We hold a social ATV net on Thursday afternoon at 3 pm local Mountain time (22:00 UTC). The net
typically runs for 1 to 1 1/2 hours. ATV nets are streamed live using the British Amateur TV Club's server, via:
https://batc.org.uk/live/ Select abOmy or nlye. We use the Boulder ARES (BCARES) 2 meter FM voice
repeater for intercom. 146.760 MHz (-600 kHz, 100 Hz PL tone required to access).

ATV HAM ADS == Free advertising space is offered

here to ATV hams, ham clubs or ARES groups. List here amateur
radio & TV gear

For Sale - or - Want to Buy



