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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/


http://www.atn-tv.com/
http://www.kh6htv.com/

TV Journal-215.doc ( 7/20/2026, kh6htv )

_/\ Picosecond

Pulse Labs

Application Note AN-14a
Copyright August, 2003

UWB Signal Sources, Antennas & Propagation

James B Andrews, FhD.
IEEE Fellow & P5PL Founder
Picosecond Pulse Labs, Boulder, Colorade, USA
jrandrews/dpicosecond. com

Preprint of oral paper to be prezemted at 2003 IEEE Topical Conference on

Wirelezs Communication Technology, Honoluln, Hawaii, Ocr. 13-17, 2003
Conf’ proceedmes available anfy on CD and oniy contzin 2 page summary papers

ABSTEACT: This paper discusses the history
of Ultra-Wide-Band (UWB} wireless and
considers spectrum 1ssues. It deals with UWE
signal sowrces, imecluding  step., impulse,
monocycle and rf pulses. It ntroduces new NLTL
technology that can generate 6 V, 4 ps pulses and
that can be used for 10 Gb's, millmeter wave,
UWB wweless LANs.  Several UWB antennas
are presenfed mecludmg: comecal, TEM hom.,
D*dot, monopole and wave gwmde hom.
Expernnmental proof 15 given that TTWEB free space
propagation 15 not wavelength dependent. Smxteen
refarences are included.

TWE HISTORY: Worldwide interest m Ultra-
Wide-Band (IUWEB) wireless has mereased greatly
with the release mn Feb | 2002 by the FCC of their
first authorzation for UWE [1,2]. UWE is usually
considered to be wireless commumication or

remote mg using non-smusoidzl eamers, or
simsoidal camers of only a few cycles duration.

While T'WE is the cument popular acronym,
hterzture searches on this subject should al=o
melude such key words as:  mmpulse radar,
Harmuth orthogonal funchons, camer-free, non-
sinusoidal, baseband, video pulse, GPE. etc. The
FCC's defintion of an UWEB device 15 any device
whoze emussions have 2 frachional bandwidth
greater than 0.2 or cccupy =1.5 GHz of spectrum
[2]. The early hastory of UWE really dates back
100 vears to the birth of radio.  The earhest spark

Fap transmifters were in reality spark generated
mpulse excitztion of a resonant anfenna.  Radar
as developed m the 1940s, typcally used
mucrosecond pulse modulation of a microwave
sine wave, and thus had a very low frachional
bandwidth. As such, elassical radar is not
considered to be UWEB. The more current hastory
of UWB dates to the 60s & 70z with pioneenmg
work done by Dr. Gerald Ross at the Spemv
Research Center and Dv. HF. Harmuth at Catholic
Univ. A good history of the advances dunng ths
period 15 found i EE. Miller's book [3].
Another good, more recent book 15 1D, Tavler's
on UWB Radar [4].

UWEB SPECTRUM ISSUES: A detailed
knowledge 15 requived of the spechum of the
UWE sowrce and also the effect of the radiating
antenna on the resultant emitted spectrum. In the
FCC's approval of UWB, they placed restnctions
on the allowed UWE emnssion spectrums.  For
ground penstrating radar (GPR) they required that
emissions be below 960 MHz. For most other
applications, they requred emussions remam
withm a -10 dB bandwadth from 3.1 to 10.6 GHz.
They had particular concems about mterference to
GPS systems. For UWB velucular radar, the FCC
restricted the -10dB bandwidth to 22-290 GHz.
As part of the FCC UWE study, they recerved
mput from NT1A. NTIA's posihon was "We
would also lhke to draw the attention of UWE
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developers to the availlabilitv of several frequency
bands above 40 GHz where some of theze types of
systems could be operated in conformity with the
applicable allocatons.” [3] Although the FCC
did not mention specifically the use of milhmeter
frequencies in 1ts first UUWE report, 1t did state "
... we infend te review the standards for UWEH
devices and issue 3 further mle making to explore
more flexible techmcal standards and to address
the operation of addibhonal tvpes of UWE
operztions and technology” [2].  Thus it would
appear that there omght be more opportunities for
UWE operations at the higher GHz, milhmeter
frequencies.

UWE 50URCES: The meost common
electrical signals used to dme UUWB antennas
melude steps, 1mpulses, and mono-cveles [6]
Enowledge of the spectral content of each type of
signal 1= mmportant 1n determuming the amount of
filtening required to meet FOC requirements. A
step-like pulse has a large amount of spectral
energy at low frequencies with the spectrum
fallmg off as 1'f A narow, impulsive-hke pulse
has a flat spectrum of 5. =Va * Ty, 1.2 the area of
the pulse. where Viy 15 the peak amplitude and T,
15 the 50% dwratton. The high frequency content
of erther the step-like or mmpulse-hke pulse 1=
hinited by the speed of the transitions mvolved,
either the step nsetime, T, or the mmpulse
durstion, Ty, For ideal waveforms, the first null,
f,. mm the spectrum occours at 1T, {step) or LT,
(1mpulse). Bevond f. the spectral confent of
these pulses die rapidly and tvpically follow an
equation of the form (sm()720" The most
mportant conclusion to be dramm 15 that
generating TWE frequencies in the microwave or
GHz range requores pulse fransitions m the ultra-
fast, picosecond domamm. For ground penetrating
radar (GPR) m which the spectrum mmst be
contained below 1 GHz, pulse durations must be =
Y ps. For operation m the 3.1-10.6 GHz UWE
band, pulse durations (or nsetimes) need to be of
the order of 50-10{0 ps. To achweve a reasonably
flat spectrum to the mullimeter wave region
bevend 50 GHz requires a risefime or mpulse
durzfion of 10 ps or less.

A monocycle or parow EF pulse wall conserve
spectrum and come closer to meetmg the FCC
spectrum requirements. The spectrum of such a

signal can be analyzed as pulse AM modulation of
an 1f sine wave camer. The spectmum of the
baseband modulating pulse 1= thus shified
upwards m frequency and centered on the carmer
frequency. For rectangular pulse modulation, the
spectrum has the classical sm(30)/7 shape on each
side of the camer with the first oulls occuwrming at
£ +1Ty& £ - 1T,

Te generate these vanous waveforms, one
nomally starts with a very fast nsetime edge,
step-like pulse. To cbtamn an impulse, one then
takes the first denvative of the step moetime.  To
obtamn 2 monocyele, one takes the first denvative
of an mypulze or the second denvatrve of a step.
To obtain a namow 1f pulse of a few cycles
duration, the techmigue often used 1s to "sheck
excite” a band-pass filter with either a fast mise
step pulse or a namrow impulse.  If the UWE
antennz 15 appropnately desigmed. 1t can funchon
as the band-pass filter. If insufficient power 1s
obtamed from these elementary generafing
methods, them a wideband post amphfier 1=
required.

To obtam GPE pulses of = 1/2 s to a few ns
duration, various lugh power swatching transistors
or FET: can be used. Awvalanche trapsistors are
often used and they can generate peak power
levels from 50 watts to several kilowatts. For the
3-10 GHz UWEB band, the selection of available
devices 15 much smaller. Step Fecovery Dhodes
(SEDs) have been wsed for many years to generate
50 - 200 ps edges with amplitudes of several volts.
There are now also availabls some FETs and logic
IC: which were developed for 5-10 Gb's fiber
optic  applications which produce 1 Vo
differennial pulses with 50-100 ps edges.

To achieve = 10 ps edges to reach out to the
millimeter range, the chotces are wvery homted.
One new promuesing technology that 15 just pow
becommg commercially available 15 the MNon-
Lmear Transmussion Line (MLTL) Edge
Compressor [7.8]. MNLTLs can be doven over
extremely wide data rates from kbitss to bevond
12 Ghizee.  Thus thev offer the potemtial of
creating 10 Gb's, millimeter, TTWB, local area
wireless networks. An NLTL 15 a synthehic
transmission lme [9] consistimg of senes mmductors
and shunt veltage vanable capacitors provided by
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varactor diodes, Fig. 1. The time delav through
the NLTL 1s a fimetion of the signal amphitude.
For the diode polarity shown mm Fig. 1. and a
positive polanty input pulse, the lower voltage
porions of the pulze are delaved more than higher
voltages. This has the net effect of compressmg
the nsmg edge to a faster nsetime, Fig. 2. The
opposite effect 15 produced on the trauling, fallmg
edge of the pulse. Fig. 3 shows a & Volt, 4 ps
rizetime pulse generated by a commereia]l WNLTL.
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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 Vidie & 5 paidiv.

TWB ANTENNAS: There are almest no
compamies sellng commercial UWE antennas.
Une exception 15 Farr Research in Albuguergue,

MM, www farr-research com.  However, zince the

early 1970 there exists in the techmical hiterature
a very large quantity of papers on UWB antennas.
MMuch of the early plonmeering work on UWE
antennzs was dene at NBS [10, 11] and in the
military EMP commumity.  Perhaps the largest
body of publizched work 15 1n the Air Force
Research Labs collections [12], edited by Dr. Carl
Baum.

A very important but frequently overlooked
concept about UWDE antennas 15 that the
commonly accepted principle of antenna transmmit-
recelve reciprocity does not exactly hold true for
their time domain performance. D Motohisa
Eanda, of NBS, has shown "that the transmittmg
transient response of an antenna 15 proportional to
the ttme denvatmve of the recemving transient
response of the zame antenna” [11]. His
derivation in section 5.1 m ref [11] shows that
there 1= an extra "jo" factor mn the antenna
reciprocity relationship. For engineers working
the frequency domain at a single frequency, or a
namrow band of frequencies, this "jo" term simply
amounts to a 90-degree phase shift term 1e
converts the frequency domain sine wave info a
cosme wave. Lhus it has been ignored o the
claszical frequency domam anterma design and
everyone has assumed that an antenna's gain 1s
wdentical for erther tensmithng or receninz. In
the tme domain, however, this "jo” term has a
dramatically  different effect of  either
differentiating or integrating, depending upon the
usage of an anterma.

For metrology pwposes, the  antennas
recommended by NIST are the conical antenna for
transmission and the TEM bom for reception.
The comical antenna radiates an E-I field that 15
wdentical i waveform to the voltage dnving the
antenna. The TEM bhom antenna cutputs a
voltage waveform that 15 identical to the incident
E field. Ancther receiving antennz that 1= also
used for metrology puwrposes 15 the D¥*dot probe.
Itz voltape output 15 the first denvatve of the
meident E fiald

A pumature UWB antenna range, Fiz. 4, was
desizned to demonstate the prninciples of UWE
framsmission, recephion and propagaton.  The
UWE metrology anfennas demonstrated on this
range ineclude the conieal, TEM horn and D#*dot
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Fiz. 4 Mmatwe UWE Antenna Range. Antennas shown mehude a conscal antenna,
TEM Homm antenma, D¥dot probe antenna and a Vertical Monopole Antenna.

Channel 3
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0T set
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Extarnal
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Calibrates. ..

Fig 5 4 Volt. 9 ps nsetime, step pulse used for U'WE anfenna testing. Measured by an HP
50 GHz, 9 ps nsetime, sampling oscilloscope.  Scales are 750mWVidiv & 10 ps/div.
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probe. MMonopole antennas and wave-gmde hom
antennas were also studied. Beth differentiation
and mtegration effects in the fime domain will be
demonstrated by these +varlous antennas.
Construction details for the anfenna range and the
antennas are found at the end of this paper. The
ultra-broadband test mput signal used on this
antenna range was a2 4 V, 9 ps nsetime step pulse
from an WLTL pulse sowrce, Fig. 5. With the
conical fransmithng antenna, the ineident E field,
E,.. onfo the varous fest antennas 15 a close
replica of this waveform. All of the waveforms
shown in this paper were measuwred usmg a HP-
547528, 50 GHz, 9 ps nsetime oscilloscope. A
35 om, Gore, SMA coaxmal cable was used to
connect the antennas to the oscilloscope. The
nsetime of this cable was @ ps. Thus the
composite nzetime of the pulse generator, coax
czble and oseilloscope was 16 ps.

CONICAL ANTENNA: The conical anfenna
suspended over a large metal zround plane 15 the
preferred antenna for trensmitting known transient
electro-magnetic waves. This fype of antenna 15
used by NIST as thewr reference standard transient
transmuthng anfenna [13].  This antenna radiates
an E-M field that 1= a perfect rephica of the dnving
point voltage waveforms.  This antenna cam be
analvzed as one half of the bi-comcal ransmssion
e [14] with 2 uniform characteristic mmpedance
given by

Zeeme = (M2 %) *In [cot(d2)] (1
where m 15 the free space impedance of 377 Q
and B, is the solid ¥ angle of the cone. A 4° cone
has a 200 2 mmpedance, while a 47" come 1=
requoed to achieve a 30 £ impedance. The
elecinc E field generated at radmus, r, and angle, B,
15 grven by

E & (r1) = Vi (e} M{r * sm(§) * In [cot(B./2)]}

vahd only fort <1 /e )

The drmving point voltage at the base of the
comcal antenna 15 grven by

Vinw(f}) = Vialt) * Rooee | (Reee + By} (3)

An mmportant point to remember when using the
conical anterma 15 that eqn. 2 15 enly vakd for the
fime window up to T, =1/ ¢, where [ 15 the length
of the anterna. For t = T, the original incident
wave launched on the anterma has reached the end
of the antenma and 15 reflected, thus setting up a
senies of mulbple reflechons on the anfenna
radiating element The radiated E field 15 thos o
longer a replica of the dnving pomt voltage, but 1=
now cormupted by the mmltple reflachions.
Practical UWE comical antenmas will include
resistive loading on the far end of the antenna to
help suppress mmultiple reflections. The upper
bandwidth of a comcal anterma 15 mainly
determuned by the fidelity of the coax connector to
comical anfenna fransiion reglon. If & comical
antenna 15 wsed as a recelving antenna, 1ts output
15 the mtegral of the mnecident E field.

TEM HOEN ANTENNA: TEM homs are
the most preferred metrology recenving antenna
for making a direct measurement of fransient E-M
fields. The TEM hom antenma is basically an
open-ended parallel plate transoussion lme. It 1s
tyvpically built wsing a taper from a large aperture
at the recerving mput down to a small aperture at
the coax connector output.  The height to width
ratic of the parallel plate 15 mamtamed constant
along the length of the antenna to mamtan a
umiform charactenistic mpedance, B, The
output from 2 TEM antenna 1s

Veulf) =her * Einelt) * Faes / (Base + Fact)  (4)

whare hyr 1z the effectve height at the aperture of
the anterma. Thas equation is only valid for times
less than twnce the electrical length of the antenna.
Ideally to suppress multple reflections, the
antenna impedance should match the 50 © output
cable. However, to optimize sensitvity, most
TEM antermas are designed with a 100 £ antenna
mnpedance.  Practical UWE TEM homn antennas
are wsually desigmed with resistive loading near
the mouth of the antenna to help suppress multaple
reflections. The upper bandwndth of a TEM
antennz 15 mainly determmed by the size of its
aperature and secondanly by the parallel plate to
coax connector ttansiion. When the aperture 1s
too larpe relafive to the wavelength of merdent
fields, the parallel plate line becomes a waveguide
with higher order TE and TM modes present
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which mn twn lmit its bandwadth If a TEM
antenna 15 used as 3 transout antenna, the radiated
E field 1= the first derivative of the mput driving
point voltage.

FIFL 4050 TIOIF FMILIER

TCN COME XNLT AAT LI TER FCU AAT AN DEITRALE

I AU 5 PI OFEE DLW

Fiz. 6 Transmussion from a comieal antennz to a
TEM horn antenna over a 25 cm path.

were separated bv § meters. Thas recerved signal
15 1dentical in wave shape to the 25 cm path Fig.
6, except that 1t 15 weaker in amplitude. Fiz. 8
shows the recerved waveform when fransmuttmg a
step E-M field between a pair of 1dentical comeal
antennzs. The resultant received output, nsmg
ramp, waveform iz the mtegral of the generator's
step pulse. This dlustrates that a comical recerve
antenna mtegrates the incident E fleld Fig. 2
shows the recerved waveform when using a pawr
of identical TEM hom antennas for transmit and
receive. Lhe resultant cutput, impulse, waveform
15 the first denvative of the pulse gpenerator's step
pulse. This illustrates that a TEM oo tramsoont
antenna radiates an E field which 15 the first
dervative of the signal generator's waveform.

FSFL 4030+ TIOIF FILIER

TCH COHE NALT AHT 1SCH TEN ACU AMT 3 NETER DISTAKCE

049U 2= PIOFER DLW

t e
PEAL SEITF PILIER I -

T0H CORE SHIT AMT TOH COME ACH AMT | -ZS0H D13TAMCE

2Ny FSFS PER DIV

Fiz. 7 Transmission from a conical antenna to a
TEM hom antenna over 5 meter path.

UWE CONE - TEM ANT., EXPERIMENTAL
RESULTS: To demonstrate fathful TUWE
radiation and propagation the conical antenna and
TEM homn shown on the test range, Fiz. 4, were
used. The 4 V., 9 pz nze pulse, Fig. 3, was
comnected directly to the comical antenma.  The
output of the TEM homn antenna was connected
through the 35cm cable to the 50 GHz
oscilloscope.  The conical antenna was 7 em hagh
and had an impedance of 132 £, The TEM hormn
was 15 cm long and had an impedance of 106 C1.
For most of the expenmental data shown m thes
paper, the separation between the antennas was 25
em. Fig. 6 15 the output of the TEM hom
antennz. Thiz shows a 23 p: nsetime step
waveform that 15 In good agreement with the mput
waveform, Fiz. 5. Fig. 7 shows the output from
the TEM horn antenna when the two antennas

Fig. 8 Transmission between a pair of identical
conical antennas.

PIPL 13147003 PULIER
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Fiz. 9 Transmission between a pair of identical
TEM horn antennas.
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UWE PROPAGATION: Classical  radie
theory [15] states that the free space path loss 15 a
funchon of wavelength amd 1z given by the
following equation:

Path Loss (classical) = (@=*r/ L) 2 (3
orindB=20*log(da*r/ L}

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

"It 1= 3 commen misconcephion that free space
propagation 15 wavelength dependent” [16] The
reason for this musconception 15 the underlying
assumphon mm radio engineermg text books that
one 15 caleulating the loss at a specific frequency
betereen two Isofroplc antennas or A2 dipoles.
The voltage mduced mmto an anterma 1s

Vi = bar* Eae- (&)

For A2 dipoles, the effective height, heyr , 1s
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 people working solelw
m the frequency domam with pamrow band
antennas.  However, for time domam UWEB
signals, this equation conveys false mformation.
When dealing with UUWE signals, the path loss
should really be conzidered mot for the output
voltaze from an antenna, but rather for the
Poynting Vector, Power Density, P, in Watts' m’
or the E field in Volts'm mmcident upon the
recelving antenna,

Pa=E*q N

where 1 1z the free space mpedance of 377 [0
From thus perspective, the path loss then 15 due
solely to the spherical peometry of an expanding
wave emanating from a point source at the cenfer
of the sphere. Recall that the total radiated power
15 egual to the sphencal imtegration of the
Powvniing wvector over the whole swface of the
sphere. Thus the path loss equaton should
mstead be simply the ratio of a umt area of 1 m' to
the total surface area of a sphere of radms r (I
meters).

Path Loss (in dB) = 10%loz] (1 m") / (4x )] (8)
= -114B - 20%log(r)

Expenment: were performed at varnous antenna
separations to verify that the path loss thecry of
eqn. (8) was valid. The experiments showed that
the strength of the radiated E field was mm fact
mversely proportional to the path distance, 7.

Another argument agamst imcluding a wavelength
factor in the path loss iz —- if the path loss were
really in fact a2 fimecton of wavelength (1Le.
specoum), then the higher frequencies In a
radiated UWDB =igmal would be severely
attermated and the received waveform would be
grossly  distorted and smeared out from the
transmitted waveform. That 15 not the case at all.
Figs. 6 & 7 showed the identical recerved sipmals
at the TEM hom antenna over both 2 25 cm and 5
meter paths. These waveforms are identical
shape to those of the signal generator and are cnlv
attermated in amplitnde as a funchon of the path
length. When drven by the step-hke voltage
waveform, the conical antenna radiated a step-like
E field which in twm mduced a step-hke voltage
waveform mto the TEM bomn antenna.  The only
nsetime/frequency linutations were the fimite
bandwidth: of the antennas and not the
mtermediate free-space path loss.

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

D*dot PROBE ANTENNA: The D*dot antenna
15 another popular T'WE metrology antenna. The
D*dot antenna 1s basically an extremely sheat,
monopole antenna [14].  The squivalent antenns
crcmit consists of a senes capacitance and a
voltaze generator, Ve miven by eqn (6) above.
For a very short monopole, the antenna
capacitance 15 very small and the capacitor thus
acts hike a differenhater to transient E-BM flelds.
Therefore the cutput from a D¥*dot probe antenna
15 the first dermvative of the meident E field. To
determine the actual wave shape of the meident E
field, one must mtegrate the output from the
D*dot probe. When the frequencies become too
high, the D¥*dot probe loses 1z denvative
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properties and it becomes a monopole antenna.
This happens when the lengith of the D¥dot probe
approaches a guarter wavelength of the mmcident

WAV,

FIFL 4080+ TIOIF AILIER
TCH [OME XNLT ANT 0. [T PADEE FCU AHT LECH DISTRACE
1 ! n S | —t = — +
[MTEGRALLD, 1IT]
'\.'/.
N IR =
fa!
P
1 1
i i _ll' ey 0. [T TPLUT i i i
I :
I 4 NV T PI PEE DIV

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

FIFL 40%0.TIOIF AILSER

.47 FADAE HMIT AWT 13CH TEN ALY ANT 3TN DESTAALCE
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Fiz. 11 Transmission from a D¥*dot antenna
to a TEM hoon antenna.
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Fiz. 12 Transmission between a par of 1dentical
D*dot antennas.

Fig. 10 15 the output from a D¥dot recerve antenna
when 1t was lumnated with a step E-M field
radiated from a comical trapsout antenna.  The
lower trace 15 the actual recerve antenna cutput.
It 15 a 19 ps wide mmpulze which 1= consistent with
the antenna's cutput being the first denvative of
Eixw. The upper trace 1= the computed integral of
the lower trace. It has a 19 ps nsetime step and 1s
a good representation of the meident 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
tramsmithng fransient response of the D¥dot
antenna 15 the second denvative of the drnving
generator voltage. Fig. 12 15 the received output
signal using a parr of D¥dot antennas for both
trapsmit and receive.  This signal 15 the thord
denvative.

AMONOPOLE ANTENNA: A meonopole
antenna was mncluded m this UWE study, because
it 15 the most findamental building block antenna
for most antenna desigms. It 1= the quarter wave
whip anfenna above an infimte ground plane. The
monopole antenna 15 somefimes used as a simplar
version of the comical antenna for tansmithing
'WB signals which are sioular m wave shape to
the dmving point voltage. However, its radiated
fields are not as umform as those for the comeal
antenmna. It= dnving point mmpedance 1= not
constant, but rses as a funchon of time.  Ths
leads to distortion of the radiated E-M fields.
TDE studies of a monopole confirm thas
statement. Fig. 13 shows the radiated E field of
a 10 cm monopole. It resembles the step E field
from the comical antenna, Fig. 6. However 1ts top
hne 15 not flat, but sags with mereasing tme
This 15 due to the pon-umiform TDE impedance of
this antenna.

When a monopole 15 used for recelving transient
E-M fields, 1fs output 15 the mtegral of the incident
E field This 15 show expenmentally in Fig. 14.
The lower frace 15 the antenna output. It shows
an almost monotomcally nsing ramp which =
consistent with the mtegral of the step moident E
field. The upper trace 1= the caleulated first
derivative of the lower trace and 1= somewhat
representafive of the step Ei.. Fig. 15 shows the
oufput using a pair of 10 cm monopoles for both
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trapsmit and recerve. This 15 essentially the
mtegral of the generator's step pulse.  The
mtepration effect can be explaned =imply.
Assume an mmpulzive E field 15 meident upon the
monopole at a M° angle to oz axs.  Thus a
cwrent 15 induced simmltanecusly m each
differential element, dx, of the antenna.  These
cwrrent elements, 47, thus start to flow towards the
output connectar of the antenna. They do not
amve at the output soultanecusly, but m
sequence. Thus the output appears as a step
funchon, which iz the mtegral of the ncident
mpulse.  The mitegrating effect of this antenma
only lasts for t = 1/ ¢, where [ 15 the langth of the
antenna. This effect 15 demonstrated in Figs. 16
and 17 for a transmithng recerving par of shorter
2 om monopole antennzs. Fiz. 16 shows the
output starts off like a nsing 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 predeminate. This 1s
shown vrndly in Fig. 17 on a slower speed of 100
ps'div in which the resonance frequency of the 2
cm antennas 15 obvious as a damped mmEing,
simusoid.

FSFL 4050 TOF FILSER

10CN AOHODPOLE WMIT ANT 1ZCH TEN FCU AAT FECN DISTAMCE

I R =

Tt |

A
s

L3MU 5 PI FER DIV

Fiz. 13 Transmission from monopole to TEM
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- I
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Fiz. 14 Transmission from conical to menepole
Lower frace rev. ant. output. Upper trace 1= dV/dt
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Fig. 15 Transmission between a pair of 1dentical
10 em monopole antennas.
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Fiz. 16 Transmission between a pamr of identical
2 cm monopele antenmas. 25 ps/div.
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Fig. 17 Transmission between a pamr of identical
2 em 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 discussed above. To
mest FOC spectum requirements, considerable
band-pasz filtering will need to be dome. The
particular anfenna chosen can accomphsh thas.
We present here an example smitzble for the FCC
3.1-106 GHz UWB band. The anfennas used
were E-Svstems, C-band, wave gmde, hom
anternzs. A network amalvzer VEWE test of ths
antenna showed ifs pass-band (= 31 wvswa)
covered from 4.7 to 10.1 GHz. Fig. 18 shows the
result of using a pair of these C-band hom
antennas for both the tansowtting and receiving
anternzs. The tramsrmt antenna was driven by the
4V, 9 ps pulse, F1g. 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 simuseid The
frequency of the sinmsoid 15 near that of the band-
pass filter's center frequency. If the filter 1s
narmow-band, then the simosoid will nng for many
cveles. The wider the band-pass of the filter, the
fewer cyeles there will be in the sinnsoid = The
gam of these anfermas 15 nmow gquite apparent
compared to the comecal / TEM hom combination
of Fiz. 7. The damped simusord has an amplimde
of 27 mV ., versus the 2.4 mV step amplitude.

FSFL 40E0-TIDIF FULIER [C BAHD HIEW MMIT AMD ACY ANTI

3 NETER DISTAMCE

| HE T ||r.l.

I A [
N LY e

=

% M L PI PER DIW

Fig. 18 Transmission between a parr of identical
C-band waveguide hom antennasz. 5 meter path

ANTENNA DETAILS: The antennas
used for this paper are sumple to fabnicate. The
numi-antenns range consisted of an 36 cmx 44 cm
alomirum plate.  Bulkhead mount SMIA jacks
(CDI p/m 5110CC) were used for the antenna
coax comnectors.

For the conical antenna a brass sheet was rolled
mto 2 conical shape and soldered onto the SMA

connector's extended center conductor. The
extended Teflon msulator was not removed. The
height of the cone was 7 cm. The cone's ¥: sohd
angle was 12", A TDE test showed the cone's
mpedance to be very uniform 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 8-32 = 1" oylen
spacer with myvlom screws.  The height at the
mouth was 2.6 cm.  The width at the mouth was
38 cn.  The height to width ratio of 068 was
mamtained along the entire length of the antenna.
The approxmmate incline angle was 9° The
tapered end was soldered to the SMMA jack's
extended center conductor at a height of 1.9 mm.
The exposed Teflon on the SMA was removed
A TDE test showed an abrupt TDE. jump from 50
2 at the connector te 106 £ along the entire
length of the antenna. It should be noted that
earbier attempis to fabncate this antenna using
copper plated, printed cwewdt boards were not
satisfactory. The presence of the p.e. board
dielectric matenal alongzide the metal swface
leads to phase distorbion apnd resultant slower
risetimes.

The D¥dot probe antenna 15 simply an SMA jack
with the extended Teflon cut back flush to the
mounting nut.  To mxaximire the bandwidth, the
length of the jack's exposed center conductor was
trmmmed back to 1.8 mm.  This gave a W4 cutoff
frequency of 42 GHz.

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

Theze antennas were all bwlt solely for the
purpose of demonstrating the early ime properties
of UWE =ignalz. Moest antennas bult for UTWEB
purposes also include i therr design resistive
loading along the anterma stmucture. This s done
to help suppres: the multiple reflections that
eventually ocour when the antenna 15 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 910078537 USA 2004
Tel: 1-626-447-4565 m-th 8am-5:30pm pst wrc-5 Tom (WEORG) & Mary Ann (WB6YSS)
M This project started back in 1996, while searching about the internet, ATV 24 hr FAX order line 1-626-447-0489 Email: TomEORG@hamtv.com V o
magazines, etc... in search of building blocks for 2.4 ghz FM ATV equipment. I felt, Web site: httpz//www.hamtv.com

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

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
At that time, the most viable device I found was called "Wavecom Jr.", a consumer after modified, WCI-2 .4 board added and direct connection to Andrews 26T-2400 dishes at both ends. The WCRI-
5:2:1:1 n‘f;:la‘.:‘in“g“:s’a‘{sjl;n range video 1’i|nk on 3;‘: %hz 22 part 15 famcz-‘ It ]lsialﬂ 35 2 pair (}| Teceiver i:“l i 'ff:ﬂﬁ:‘i“ir)- 2.4 board has dual squelched speaker amps and S-meter output also. Sinee two of its channels are within the 2410-
iz alincation and meos FRL for hoth viden and andia Inifially this sonnded Fle Inst what the dector 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 sunply a replacement PIC16C54A with all 4 channels in the ham band (2398, 2412. 2428

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.

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 0.2 or 4MHz

A simple PIC project, the basic model uses a PIC16F628A There is also a narrow scan feature that is enabled by
micro, 16 character LED display along with a handful of powering up with either one of the buttons pressed. When in
discrete parts. this mode, the frequency limits are 2.4 - 2.5 6Hz, where

After the mod, the unit will tune from 2.3 to 2.7 GHz most wireless video transmi perate.

o]
il

I s evme Aotort antinn A tho camo norfhanrd ne

https://ringolake.com/pic_proj/wavecom/wavecom_rx.html http://www.glivg.com/2.4ghz_rx.htm

GETTING ON 24 GHZ FM ATV
Revisited
Bill Parker - WSDMR
2738 Floribunda Drive
Columbus, Ohio 43209

The WaveComm 2.4 Ghz Transmitter and receivermay be pus- in length and the shield of the RG-6 Comx must be soldered to

chased for sbout $125 (Qty of 3, from Ml Shadbols). The TH &  the mound fol of e PWB and the shisld caze.

RX are of excellent quality and workmanship. The main disad-

vantage is the low output power of about 0.25 (1/4) of one milli-  Removing tha 8.9 6B pad will raise the output power from 0.25

watt. milliwatts to about 2 5 milliwatts. The next step 15 to add a
MMIC amplifier, Typs ERA-S, mamufactured by Mini-Circuits.

There iz about 2 10 dB aftenuator that can be removed. Thepad  The amplifier has about 20dB of zain (100 times) at 4 Ghz. It

consists of three resistors, 100, 680, 100 ohms. The pad is locat-  will increase the output power to about 200 milliwatts or 0.20
A 2Biow + A ahlacbing avmaniber and hafars the BT Bl Tha Y —

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



