


wD={]~ • •
communications
A Publication for the Radio Amateur
Especially Covering VHF, UHF , and Microwaves

Vo lume No 17 Autu mn , Ed ition 3/1985

Published by:

Pub lishe r:

Edito rs :

Transla tor:

Advertis ing
mana ger:

VHF
COMMUNICATIONS

© Verlag
UKW-BERICHTE
1985

VE" la ~1 UKW-G[RICIH E,
Terry Billan
Jannstrnssc 1 ~

D-8523 GIIIFH SDORF
r ed. Rep . 01 Germa ny
Telephone (9133) 855
Telex 629887
Postgiro Nbg. 30455-858

VR,IJ'l UKW- rEGHNIK
Tem" !l ittan

Corr ic Bitte n
Colin J. B,ock (ASSist~nt)

Colin J. BlOck
G 3 ISS/OJ 0 OK

Corrie Bitlan

t he ;nt" 'N ,tionJI "ri it ion of lhe
German publ ic~t i o" UKW
BEf1ICHTE, is a quarte rly amal"" ,
radio mi"jJzinRRspRriHlly cdle,i n\J
for the VHF/UHF 'SHF ledHloloyy
11 is pubnshcd In Sprl11'l , SlJm", ,,, ,
Autumn. and Wln'Rr, Th" 1 911~ sub
,,,,, ipl ion price is OM 2~ . O O or national
equ ivalent per yea r, lr-civfd ua!
copies are av~ i l a hl" i1t OM 1.00
or eqLJ ival" nl , "i1ch. Subscriptions,
orders of individual copies, pur
cll ase oj r c -tocrcs and ~dvert ls"d

sp"ciill w mr nnents, adv"rtis"
m"nt" and contributions 10 til e
magazine shou ld be add ressed
10the national representative, or 
if nol poss ible - dirocl to tho
publishers,

All ri ghts reserved. Repr ints,
trans l~t io n s, o r exl racls only
w it ll t il " w ritt "n app ro val
o f tile pub lisll er

Pr in ted in the Fed, Rep. of
Germany by R. ReichRnb iich KG
Kreling st r.39 8500 Nuernbe rg

We wou ld be QrJ tefu l if yo u wo uld
address yo ur orders and que r ies
to yo ur represen tat ive,

Rep resentative s

Au .t, l.
v",,"1 u~'", HUHGHC To.,-,-O "c.,
r'G""' O-<i',,, ~, ",,,,,"'-' \",' " " "',""
r'''~'.'' ''~ t "", ,,,,. ,,~ . , '''i ll ' Kt ·, ". " " ' 'rJ
~Sc I ' <V,'i I l'.1. ' ," ' '''0
b,,,, I;.

1".1A. " .O.UU, ' OJ s.c.", Ce" e j 'n "" V G pt- , ..,""""">
""'""" nHA" 'W F r' N/,m " AC ~ " " C L ',T ,

pc~ O:xl·"" ' OSleep, ' "'.0(' l ' 0 ',,,,,,,,,,,,
H ~ """ ~"'ci ' c" '" " L' l X, S!<,» ,
'w 4' OOlj .' GSTm To<' :xl

F IOnoo
C', ,,j,, ," ,,, .'. ,~ , " , C". CM r ,,,O(~ '

"vb., """"~' d" n,. " ,, ' ·' '''·,'JO .'' '''RR'
r e< :"", .",,,,, ',0
Fln lan"

'-" " "C"" '" , ,F-" ' 4: ·" SOl-.'" '1Q
" "" , ,' .01" e,'-, 02' ·<00 <

Holla ""

~,l_~~:';';F~~ ':~ ' - -' -_',~ .:__,_,~,;w.-,< ,... "",>C'"
h d " ",'"%''3"
"".'
1 r'o~", " '<T °G ~o, "';.' .MO? < N ""T,'Oy,,,,,,,,,·,,,
,,,'V
r ,C"COt, 'm,, ' 1'.1 " '_ " ,' : " _' __" _'

!-'o(l1 " 0"""'''', "
l " o."","'g
Tf Cf r:O "', F.c, ' I X ~F '-, e,,..,,,,,, 'o'"" ·'
ES C H·' ''JP .; eL l " l '. 0;7 '"

N,,, I."'ao>"
[ 'J ' m ~~ 'm.,,, Z, '.' CO r"8" " .7t .
'." ' ,~.j ~ ,""LArm 9. eo"",,402·7-,<

No" .. ,

Ho",,"g rc ", I " Ye;. e,oc,'""", 'C,
, . " ' " :.YS' <l ~ . ' 0,"*, ,,",0", " e ' D ' 'J'}

,-"" ,, " A" ", .

SA P" ," r ," ."," , ,,."0 f;c, ",'3' .J~ ~ t, ', N , S

~:JRG2C~J ' ''"'0' "",,'' ' ' ,;0," '''
'-"",n_PM_'
j "-o A r;e'o Ao,"" .~ ,\4 M,\}C ID·1 5
,-"""," Coce, ' ," '· B. rei ,.

SWO"""

C." ·o,,c, ' lJiCsc ,"""H,G.","" ""'''' " ~
S_1 rJ"s ,,~n~V" ""', T,; * ""63'"
S,,",o,'"oo
1","";8 n i<'__ Sohw,,, ~, ,,,,,, , ,, ,," · t ZC R 'C~

~'o.46"2;;:\-" . PS"'~" n f lCH 0/). '; ' , , 0

""L V COl-/ MS <' "%
'-'0 [jed.,,,,. lJ\ "~,"'. ''' 0 ~" ICO

Te·.301-4,"-".>/'

ISSN 0177-7505



VI-jFCOMMUNICATIONS 3i85

Alois Aigner.
DL6 XE

WOlfram Puescnner,
DF7K8

Joachim Kestler,
OK 1 OF

Horst Burteindt,
DC9XG

Jochen Jirmann,
DB 1 NV

Erich Stadler,
DG7GK

eerc Korner ,
DK2LR

Jochen Jirmann,
081 NV

Drs, Tjapke Knoell,
PAD

Matjaz Vidmar,
YU 3 UMV

ErichStadler,
OG7GK

Bernd von Bojan,
OJ7 YE

Dear Reader!

Contents

Helica l Antenna for the 70 crri Bahi:l

The Noise Beha .... iour of Amplif iers

PLL-Oscillators with Delay-Lines
Part 4: Carr ier Noise Sidebands

GaAs-FET Inter-Locked Dual -Polarity
Power Supplies for portable Use

A Stable Crystal-Controll ed-Source
for 10,37 GHz

Measu rement of Cable-Impedance with
Impu lse s and Sine-Wave s

The PCB-Integrated Coaxial Tuned Circuit

A 12-V-Mobile, Switched-MOde
Power Supply (SMPS) Part 3 (Conclud ing)

FMiAM Converter for FaCsim ile Reception
and Picture Displa y with the YU3UMV
Picture-Store

Pola rization Perfor man ce of
Circularly Polari zed Antennas

The Dir ectional Function and Use

Determination of Antennas Gain 
What's actually behind it all ?

130 -132

133 -137

138 -1 40

141 - 145

146 - 152

153 -1 57

158 - 160

161 - 168

169 - 172

173 -177

178-184

185 - 191

Firstly , the staff of VHF COMMUNICATIONS wishes all subscribers and readers a very Happy and
Prosperous New Year .
At the same time we would like to introduce our new translator Colin J. Brock .
He is an Englishman, working as a Tropospheri c Scatter Systems Engineer in Germany and is a radio
amateur under the current license G3ISBIDJ00K.
OWing to his spontaneous participation, we were able to rescue VHF COMMUNICATIONS, We are
eagerly preparing edition 4 of this volume and are sure thai you too. are looking forward to il. We hope
Ihat our subscribers will excuse the delay and support us again in the future.

Yours, Corrie Bittan
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A/ois Aigner, DL 6 XE

Helical Antenna for the 70 ern Band

From the standpoi nt of the publ icat ion (1) 01
the 23 em band heli cal anlenna by Hans-JuT
gen Grlem DJ1S L., 1 would li ke to briefly de
sc r ibe a version lor t he 70 em band. At the
sa me t ime I would li ke to g ive 10 anyone Inter
es ted , th e en couragement to take this un criti
ca l, wHkend proleel in ha nd . The actual con
struc tional eff ort isn't much, it' s ju stine will
required to do-il-you rse lf . 1use th e helical an
tenna fo r the reception of the L-band trans
ponder fo r Osca, 10 and together w ith a low
noi se pre-amplifier I get good reeoeme low
noise s igna lS.

O riginally, the 70 em helical antenna published in
1974 by Wolfgang Stich, OE1GHB(2) . was con
sidered but finally the conical form and above all.
the sim ple matching of the DJ1Sl.-verston appe
ared to meto be a sig nific ant step forward , From
(2) however , the spacing of lf1e supports was Ob
tained.

Enough now of the preliminaries - lt1e following
material is req uired lor a 70 em helical antenna:·

• A 2,5 m long alu support tube (boom including
i ixing) , and of 30 x30 mm (about) square cross 
sect ion

. 30 plas tic insulators (helix suppo rts)

• about t 1 mol wire (e,g, 4mm oaCu. lacq uered )

• a metal soeet (or alu) lor the refle cto r

• the will 10build an anten na

Fig. 1 shows the external dimensionsoltho 70cm
helical anten na.

Now proceed in the fo llowi ng orosc.

• Measure the spacings for the insulators and
mark thei r pos itions along the boom, Bore the
holes (the same dia. as the insulator);
as shown in fig. 3.

• Cut the insulators (f ig . 2) and drill the fixing and
helix ho les .

• Wind the wire on 200 mm dra tube thus forming
the he lix .
• Thread the wire through the insu lators.

h- _ +ij~ t ij b e 30.30mm / t.Smm vcu I HO ur iong
I

. - . . - I,

i ¥
N

a
--.-- ~. -- - -- - ----- . -- . _.~

14 wdgs. lsp Qc;n g 166m'll

- ' 00
FIg. 1: (hoerell dlmeo.ion&01the 70 em helielll enle nNl
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Fig. 2, Insul31Of SUpport

OL6XE

--
-, : .((1}~j

' Sl'lf -I app ingse re"

Fig. 3: fi.ing logelhel boom,

insulatOf and heli.

• Fas ten the insu lators to the boom.

• Saw-out a round rellec tor di sc tro m sheet atu.
with a jig -saw and li t a 200 mm alu. str ip oogll'1g
by me ans of brackets or we lding ,

• Fix an N panel-mo unt ing soc ket (at the end 01
the helix) in the reuocror disc and mo unt a ij4
me tal strip with an edms nn ent screw as in f igs.
4 and 5.

Materials

Boom from 30 x 30 mm square section aru.stock
(hobby shops )
Insulators: tubular -po lyamid PA 11/12 from
Mssrs. Fhyssen-Schulte GmbH
T0 1,' Munich 089 . 4153 1, Lin z: 732 - 74333

Re feren ces

• Point the antenna skywa rds and with a 70 cm
sign al gen erato r and reuectom etor adjust for
optimal results by be nding the strip ard nne- eo
jusllng the screw (remember to lock the screw).

The conclu ding photo senes shows the ior manon
of the antenna very clea rly.

(1) Gnem. H.-J" OJ 1 SL
A Helical Antenna lor the 23 crn Baild

VHF Comm. Vo l. 15. 1983 cc. 3
Pages 184 - t 89

(2) Stich , W ., D E 1 GHB
A Helical Antenna lo r the 70 em Band

VHF Com m. Vo l. 6 t 97-1 co 3
Pages1 49 - 155

Fig. 4: Arrangemeot lor mlll chiog
hell . to cab le Zo Fig . 5: Malc hing 3l1"angement·, lde view

/_:~.--- . : ::-::-.-~ - -:~ ~:~._- ,__ Mel"

,J.::- --:________ --.-.,. . :'::l....,. s l r i" AI~ fo'lg

i: . . 1) ~~ m ':l ,,, d ~

,
.......,..-..::_. screv

i.' f/. :.:.:....~' L rd l~rbr
,,_• • • -- • •Y .- I

\C_.'.~""'=--.--"-.C-:-:~:-;"~:'CjC...C_o/"''- r.-sorKel

v.. - ;...--- - ';U Xf
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Wolfram Pueschner, OF 7 KB

The Noise Behaviour of Amplifiers

Th is art ic le describes some exper im ents and
results in the theme noise and no ise-match
ing of antenna pre -amplif iers.

In communication technology, the relationship
R = Z; = Z,otlor optimum power transtor is well
known. This is described as matcninq that is , tho
generator/load resistance (e.q . antenna) equals
the characteristic impedance of the antenna ca
ble and tha t of the input/output impedance of tile
receiver/transmitter.

Unfortunately, the observance of the conditions
for matching a receiver input stage usually do not

achieve the op timum signal to noise ratio . For
minimum noise the input tuned circu it 01 the first
stage must be mistuned with respect to the point
of maximum gain. This means howeve r, that one
of the mCitching condit ions concerning the input
impedance at the ampnnor has been violated.
Fig. 1 makes this rela tionship clear. The values
used in Fig . 1 were taken from an actual 70 em
band amplifying stage, shown in Fig . 2. The
measurement toleran ces arc +/- 0,25 dB. Noise
figure values well belo w 1 dB are easily possible
with relatively little outlay (see Fig . 3) .

co ,
I'" ee

, 0 r. , 0,'"
r s ;

' 0

0 ;

DF7KB

44J~ c c

I 2C

I dE'

C 16

W,

>'

ceo MHz 470

{ -

Fig. 1: Test results trcrna 70cm pre-amplftler using a 3SK97adjusted lo r minimum noise
Gain = G return loss = a, Noise figure .. FOB
Test equipment : Sweeper SWOB5 and noise figure meter HP8970A
Left arrow: Indentation probably caused by regulation effect of NF-meter(G .> 20 dB)
Right arrow: Noisematching at 432 MHz

133



OF7 KB

Fig. 2: 10 em pr e_am p. us&<! as teet-Item . By adjusting
the sou rce resi stan ce min imum n oi se may be ob tained

~_VHF COMMUN ICATlONS 3/85

"" I
I

1-
>,

I ,

OF 7 K8
Fig. J: Consl, ,,ctio nal sketch of

70 em pr...amp. All Interna l
measureme nts

The same amplilier was consnoctec again but
this l ime WIth high quality input tcromers (Jollan
son and Glasrohr) and in a brass housing . A coo 
sid eraoie improve ment now evc r. was not \0 be
obl alned. A discernible noise minimum how ever
was obtained in lhe fWD versi ons , by alte ring the
drain cur rent lor be st results

In order to clarify tile relationship bet ween norse
matching and power-match ing . the sam e ampli
fier was adjusted for a maximum reium-toss a,
and maximum gain G. The rorse wo reeoeo al 432
MHz from 0,6 dB to 1,2 dB (Fig. 4). Minimum
noise was now obtained al 450 MHz.

!
G

'" <Ie '" "'" 41'(; MHz 4~

r-

e ll

.,

"
e
e
,

Fig . 4: 70 em pre-amp . lOllowing edjuslm.mt lor muim um retu rn lou.
Tesl set- up as In f i9 _1
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OF7 KB

,~ ,L

~ ncrsa- sccrreT -= ...

~r e-amp l i fie r

Fig. 5:
Test set-up to determine the
reletionship between noise-figure
and gain of a pre-amp.and the line
length between amplifier and
generator

Figs. 1 and 4 show that an amplifier's noise mini
mum is not to be obtained by power match ing, If
the input impedance departs tram the system
charact eris tic impedance (say 50 U) then this in
put impedance will be transformed to a value
which is dependent upon the elect rical length of
any section of line which is connected to it. Trans
mission line theory will then determine the re
quired result.

The input impedance of a line in depende nce
upon its length, the reflection factor at the end of
the line, and the characteristic impedance. results
in a function which shows a spiral form in the cha
racteristic 01 the input impedance versus the line
length.

This means t hat the choice of line section be
fore the amplifier can always be used to tr ans
form the impedance to alm ost any desired va
lue. A total mismatch with the appro pr iate los -

ses is possible but so Is the optimum noise
match between generator (ant.) and amplifier
achieved by means of th e suitable cho ice of
cabl e length.

The following extract will describe a measure
ment in which the noise ligure and the gain of a
pre-amplifier is demonstrated to be dependent
upon the line length connecting amplifier to gene
rator An adjustable length line (line stretcher) is
necessary (Fig . 5), The mathernatica lfunct ion of
the complex input impedance of a line shows a
periodicity of }"/2. The line length is therefore re
quired to be variable above the range of /..12.

A coaxial line-stretcher was available with a
length variation of only 120 rnm. The foregoing
description of a 70 cm pre-ampli fier was therefore
not suitab le for the experiment. The experiments
were therefore conduc ted in the 23 em band using
a MGF 1412 amplifi er (Fig . 6). The sahent particu
lars of this amplif ier are :

OF7KB

I~

",' I--< =,
_--0 . 11 \'

Fig. 6:
A low-noise 23em pre
amp. with GaAs-FET for
further experiments

13 5
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L 1: Silvered brass strip (25 x 10 x 0,5) mm
L 2: dltto but 21 mmlong
Ch 1: 9 windings 0.3 mm cc-tacqcereo wire

3 mm former
Ch 2: 2 windings silvered 1 mm wile on 5 mm

former
Trimmers: JobansonBpf
Capacitors: All Shown with ' are disc cera mics

As one ot those on the brink ot remar kable facts .
wa s di sp layed by the prototype MGF 1412 ampli
fier. The IranslormatiOn elements were Originally
fitted with standard tubu lar trimmers. The lowest
obtainable noise figure was about 1.2 dB but only
lollowing the replacement of the two Input trim
mers by those made by Johan son.

The HP 8970 A noise figure meier is a direct read
ing inst rument which reece both the amp lifica
tion and the noise-figure of the item-under-test
(IUT) in decibels. Prior to the measurement the
amplifier is connected to a noise source li nd fld
jus ted lor a nois e minimum a11296 MH7.

The fol lowing resulls were cueoeo:
G = 16.3 dB
FoE = O,25 dB
(Inst rument moesurom ermoierence = +/- 0,25
dB)

Fig . 7 shows the dependence of the gain and the
noise figure upon the line length between ro'se
source and ampnuor input. The periodic ity is
clear ly recognisable. agam the length between
min ima/maxima being iJ2.

The minimum noise figure departed a litt le from
that d irecUy Obta inable from the noise generator
output terminals owing to the insertion loss of the
line-stretcher The change in attenuation owing to
the aneranon in line length of the line-stretcher
was 1'101 taken into account. Errors due to this
source are however, so small that they can be

neglected in this appucanc n.

Fig . 1:
Tnt resu lt , lor the ~mpl ltler

01119.6 . how 'hat by a suit able
line-length between generator
jant.) and pr.~mpllj~r the
min ima l .ytlem noln ·tlgure
may be realilled

i s

,,
,"
"

' us

ia

c.e

a.e

os
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rae
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'"

lb 6

'6 .2
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The var ia tion in nois e·/i9ur9 between abOut 0.35
d B and 1,5 dB due to a chang e in line length at
about 60 mm (lJ4 et 1296 MHz = 57,B mm ) is

wo rthy of note .

The change in noise figure with line length de 

pends upon the rela t ionship between th e test
equipment source impedance arid tha t at the
no ise matc hed impedance of the semi-conductor
under test. Some of tho later bipo lar t ransistors
e g oBFQ 69 display a noise minimum of near 70
n (TE system Z = 50 t l ) Investigation of seen
amplifiers is planned for the ne ar future.

If the fu ll potential of an Np-moter optim ised pre
amplifier is to be ut ilised in practice. then match 
ing to th e antenna is unavoidable.

Th ese experi ment s have shown that a line-length
of 1J2 (o r multiple) between antenna and pl"e·

amplifier presents the tatter impedance, wit hou t
alterat ion, to the antenna te rminals . An op timu m
noise match between antenna and amp lifier is, on
account of th is. only possibl e by th e introduction
of an adjustable (by a)J4 at least) line-stretcher,

The total str etch trom the an tenn a ter minals, in
ciuding where litted . coaxial relays and the line
stretc her. can be adjus ted for optimum signaf
noise rat io by means 01 solar-no ise or a Signal
from a weak.uenspooccr.

Referenc es

t ) UHF-U nterlage OJ 9 HO
2) Rad io c omrncmcaton April 1982

Colour ATV-Transmissions are no problem
for our new ATV-7011
The ATV-7011 IS a crorossooer quality ATV trAIlS·
rnfttcr for thl:! 70 em berd. I! is only n('(:Cssary to
con nect a camera (monoc hrome or coiowj, antenna
and mic rophone. Can be operated ffom 270 V AC or
12 V DC, The standard unit operates Ilc{'AWding to
CCIR, bu f ot'ltl f standards JrC avanablo on request.

The ATV-70t t is a 1urthll r development of our reli
able ATV·7010 .....ith cot ter l\pecifications, newer de
sign. and smaf.er dimensions. It uses a new system
ot video·so und combination and modulation. It IS
also suitable fer mobile operation from t 2 V DC or
for fixed ope-anon on 220 V AC.
Pr ice OM 2750.00

The ATV-7011,s also avadable for broadcasting use
between 470 MHz aNI 500 MHz, aod a number 01
such units ere in continuous operation in AfroCa.

•, . . .• y.

Specifications :
Frequencies, crystAI<Ofltrolled:
Video 434,25 MHz. Sauro 439,75 MHz
1M-products (3rd order) : better than - 30 dB
Suppression of esc vee. and image:
better than - 55 (fB
Power-output. corroouratoo: typot o w
Oolivery: ex. stock to !l weeks (standard model)

k :JJX!Hberichte Te"Y D. Bittan ·Jahn" ,. 14 · P",,"ach 80 ·0-8523 Baie__
Tel. W est Germany 9133-855. For Representatives see cover page 2
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PLL-Oscillators with Delay-Lines
Part 4: Carrier Noise Sidebands

6.
MEASURING CARRIER NOISE
SIDEBANDS

If the carrier noise sideband lest rescns of the
high freq uency VFO (3) and also the data of the
Braun SE-4Q1 ( fig. 3 in (1)) are considered, the
imp ression may be ga ined that the no ise charac
teristics of PLU DL osci llators are mainly of me
diocre quality , This however, is not the case.
much more 10 the point rs. tnet Ihe char acteristics
ctme osc illator tuned-circuit itself are of decis ive

Impo rtance and co ropannvely . the above cited
specimens at this type are notexacny shining ex 
amples. The VFO described in (3) may have the

Iault 0 ' a relat ively tight ooup lirlg otnmmq-diode
to the tuned- circu il but this is unavoidable in view
01the wide tun ing range (+ 10 % ) required.

How the carrier noise of the osc illa tor affects the
rec eive r characterist ics has been extens ively
shown by OJ 7 VY in (1). The mea surem ent tech
nique will Deconsidered in thi s artic le followed by
noi se data determined from a specimen 2 m oscil
la tor con structed from OK 1 OF 046·'047.

6. 1.Meas urement Technique

To get it quick ly out otthe way , a " normal" spec
trum-enelyser (price group OM 80.000) is not
much use here becau se the tostrume ors local os
cuator noise ma sks the noi se of the test -item
owing to its mu lti-ord er tuning range. Also , the
best dynamic range of 80 dB, oHered by such in-

'3.

strum en ts, is too small. Modern FFT (fast fourier
transf orm ) anefysers are only su itab le for relative

ly low freq uencies since the signal under test
must be digitalised Wlth an adequate reso lution
(e. g. 16 brll before the comp u ter is ab le to compu
te all components of the signal' s spectrum in the
given Iim e-fra mo

It is expedient to translate the frequency to be ex
amined , by means of a mixer and an extremel y
low no ise local oscillator, down to a lower fre 
quency where It may be observed more simply
This " intermed iate freq uency" can also be ze ro i.
e. the same freq uency L O. as tna t crme tes t-sq.
nannus enabhng the use of a small AF nner to se 
tecuhe noise sideband belore recntceton (AMS)
arc displa y.
Any other IF can,of cou rse. be employed If the ne
cessary steep-flank filters w ith sufficient stop
ban d attenuation are availab le . Th is conce pt. as
in f ig . 33. w ill be exami ned mo re Closely. The re
ference osc illator used was that by OK 1 AG (Cir
cui t diagram fig . t o to (4)) togethe r with the follow
ing crystar filter shown in fig , 20 (4). Follow ing
the buffer etece. a high -cu rren l FET, the 72.5
MHz crys tal signal is freq uency doubled and am
pliFied to a power ot 200 mW by two hybrid ampli
fiers (Av antek UT0-546). The mixer Is a supe r
h igh lev el type . which can take a 23 dB m LO injec
tion power , giving a 1 dB com press ion at a signal
input of 20 dBm .

The VHF oscill ator under test is amplified by a
furth er hybrid amplif ier to 10 mW and led via a
ca librated atte nuator (x 2 casc aded , We inSChel
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Fig . 33: career noi se-sideband test set -up

Typ 3023) to the mixer RF input The resulting
10,7 MHz IF frequency is then selected by a high·
Iy se lective IF amplifier using industrial-surplus
crystal filters (XF 107 S 01 by KVG) together with
a very steep flank, 32 pole filter, also obtained
cheaply (there's some more left). Owing to the
cascaded filters, the pass-band ripple (4 dB) ma
kes an exact determinat ion 01 the noise-band 
width necessary. This was carried out by graphi
cal integra tion on a linear format and resulted in a
noise-bandwidth at 6, 1 kHz. A signal, 5 kHz from
the mid-band frequency. is attenuated by more
than 130 dB. The output of the IF amplif ier is con
nected to an RMS-voltmeter (Raca19301 A).

Now for fhe carrying-out of the measurements.
Firsf of all , the VHF oscillator is adjusted fa a fre
quency of exactly 134.3 MHz in order that a signal
of 10.7 MHz appears in fhe IF. The attenuator is
adjusted for say 10 mV RMS in the output meier
and its selling noted (ensure that the IF stage is
not limited by noise nor saturated by signal). The
VFO is now tuned say 10kHz off frequency, with
the aid of a counter, and the attenuator readjusted
in order to return to the 10 mV reference in the out
put mete r. This reading is the result of carr ier noi
se-sidebands . The attenuator setting is again no

"d

I
I
I
I

_..J

Example:
VFO at centre-band: a = 112 dB for reference 01

10mV(RMS)
VFO tuned 10 kHz high: a = 8 dB for reference of

10 mV (RMS)
Carrier to noise CIN = 112 - 8 = 103 dB in 6 kHz

noise slot
BW stmnka qo factor for 1 Hz slot =

10 log (6 x 10"11 Hz) '" 38dB
C N atl0 kHz from carrier "" 103 + 38 = 141 dB in

1 Hz slot
in other words: C :N '" 141 dBc, 10 kHz from

carrier

Noise signals nre cna-actenstoo by a very high
crest -factor (peak to RMS ratio). This means a
noise powe r (or noise voltage) measuring instru
ment must have a sufficiently high dynamic range
in order to hold measurement errors within reaso
nable bounds. The instrument should have a
creslfac tor of at leasl 40 dB requ iring that a refe
rence set at 10 mV RMS calls the instrument to
handle 1 V undistorted (on the range)
note: HP 3400 A has a crest-factor of 10 dB at
FSD and 40 dB at 10 % FSD.

Should further information upon noise measure
ments be required the reader is recommended to
references (5) and (6)
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6.2. Tes l Res ults

The no ise scectrum ot the VHF osc illa tor OK 1 OF
0461047 is represe ntee in fi g. 34 , A comparison

with lhe or iginal version (1) indicates good agree'
ment. The curve 01cou rse, shows both norse from
the test-ite m and also from the Instrument's
(f ig.33) local oscillator

The construct ion arti cle announced senor which
wil l dear with a suitable rece iver input staqe has

Mod regrel tably , to be delayed somewhat owing 10
the inten sive work tor the above art icle,
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(1) Martin M : Low noi se VHF-Oscillator wit h Dio
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(5) Neub'g B.: An ex tremely Low-Noise 96 MHz
Cry sta l Oscill ator . Part .1
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(6) Scherer D .' Th e "A rt " of Phase Noise Meas
uremen ts
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(7) Kest ler J.: Ptt-Oscuators with Delay-Lines,
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Horst Burfeindt, DC 9 XG

GaAs-FET Inter-Locked Dual-Polarity

Power Supplies for portable Use

This supply Is lluitable for use with tw o-stage
GaAs-FET amplifiers in the higher GHz range .
It features a protection circuit which prevents
the drain voltage VD from being applied with
oul Ihe ga te voltage Vr,;. The PCB conta ins
also a DC to OC converter which doubles th e
ba ttery vo ltage trom 12,6 Vto 24 Vwithout the
use 0' II Iranlllormer. This voltage IIefV88 to
suppy the coaxial !'NYs (surplus V type)

DC 9XG
001 Q

which requ ire 20 to 28 V.

1.
CIRCUIT DIAGRAM

The drain voltage sUpply (Fig. 1) is underlaken~
an LM 723 stabilizer in a 14 pin OIL lonna!. The

-- Il ~~V

I'"

Fig . 1: GolAs-FEr suppl y w;lh cunenillmiling .m fllll·salelrl1~n
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2. IlYS 11

--- - - - - -- ,-:>i" 1-" 1~1- 'o';r
J1..0'" :... 1""", . ,.'O"'"

I
~': rW'-rC M~r ~ 0 9 J T iJ~ " r-

I O 'Y ~' aIQQ '

OC9XG f", ,'1\'''
00" L '-;CT

I I ''- ~" ~- -al''' '"l'~ ' i
ov~-- r_"__:'c·,,"''- ~__ -L _ 0 ov

Fig . 2: DC Voltllge-doubler 12/24 V at 0,5 A

output voltage is adjustable, with the 4.7 kQ pre
set. to between 1 · 5,5 V. The resistor A",: limits
the current and is calculated from the tormura:

1m"" = 0.45 (V)IRsd~J)

A resistance of 5,1 ~2 limits the current to approx.
85 mA.

The gale voltage is prod uced by meansol lhe well
known tun er NE 555 conoecsec as a mullivibralor
roaoweo by a voIl age-doubler . The voltage requ
Ialor 79LOSslabilizes the nega tive vonaga a1 -5

V. A 560 U resistor al lhe outpul serves as a lill er
and aure same time. as a part 01a vollaged1y,oor
togethe r with the 1 k~2 presets. Th e complete fil
ter, comprising 560 W 47 !iF elements, suppres
ses the internal noise of the 79L0 5

1.1. Gate -/Orain Su ppty Inter connect
The divided negative vol tage al the top of the two
1 kQ preset s is - 2.35 V. This rte9ahve vol tage
biases Ihe beld-ell ed transistor 10 cot-crt This
FET conducts at zero gate polential and eneceve-

Fig. 3; Prot ol r pe module showing • •• • XI..... f;Onne<:lion s l.~en vi a feedthrOl.Jllh fiRers
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Iy returns pin 13 of the LM 723 to earth via the 1,5
kn resistor . This controls the LM 723, making the
internal se ries pass transistor non-conducting
and the outp ut drain voltage near zero.

The purpose of this arrangement, is to delay the
drain voltage until the presence of the negative

gate potential has been assured. Should the gate
bias supply fail altogether , than the drain supply is
also null ified.

It is important that the transistors used forthis pur
pose are N channel FET's with the A suffix, e.g.
BF 245 N 244 A (TI) or Be 264 A (Valvo) . Only

""" 0 Us
"' I . 12,SV

UD~
. 3V r

Us {O_I
. 12,SV

"'I.-oo--

79 l0S

- UG

- UG
Fig. 4;
Component plan of PCB
DC9XG 001 showing external
connect ions . Pins 1 and 8 of
4093 must be conn ected by a
wire bridge on track side ot
board
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these types of trans istor cut-ott at - 2 V gale po
tentia l. The B version of the BF 245 requ ires a Vo
of -3,5 V to cut il off .

paral lel connected 28 V SMA coaxial relays at a
tota l supply current of 0,5 A.

2.
DC VOLTAGE·DOUBLER 12/24 V

The converter in Fig. 2 supplies the author's two

2.1. Circuit Diagram

In order to obtain the correctly phased control for
the two PNP Dar lington-transistors BO 680, an
osc illato r comp ris ing 4 C-MOS Schmitt-trigge rs,
encapsulated in one Chip RCA "4093", is used.
Low res istance LOC-MOS types cannot be used
here as the transistors draw too much quiescent

, -_ ._----,
o

Jq ma,-l.1.QJL
ISGS -ATES)

r-~=-----

DC9XG

VB
+12,SV 6 -

ov

-Vg - comerter

ICL 7660

• VB .----=--*- ~ IH
0.,. ZPY 7,~ ""

e

ICL 7560 200.a.
_ -----<l - VG

- r-, I

'"
ov _- -+ '---'---'---~ OV

Fig. 5: Suggested c ircuil tor Power GaAs-FET Supply
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current , become hot and do not swi tch reliably.
The oscillator frequency is 11 kHz and is rect ified
by a Schottky 1 A power-diode. On accou nt of
high frequency, tanta lum etectrotytics are used
for the blocking and reservoir capacitors.

2.2. Data

VB '" 12,5V
QUiescen t current = 7 rnA
Conv erter frequ ency = 11 kHz
Output vo ltage ~ 22Vai RL = 100Q, IH = 430 mA
Outpol vol lage = 24 V at VH '" 13.8 V. R_'" 68 U,

IH=700 mA

3.
CONSTRUCTION NOTES

The GaAs·FET supp ly and voltage -doubler is
housed in a standard tin-plate box 37 x 148 mm
(Fig. 3). Th e unit has been working now for two
years in the author's g, 6 and 3 cm band equip
ment.

The unil can be used as a test-beocn supply lor
GaAs-FET experiments by replacing the current
limiting res istor and preset vari ables COfltrolli ng
TV!) and -VG for continuously-variable ccterao
meters mounted on a front pane l.

The single-sided PCB DC9XG 00 1 (35 x 145 mm)
is shown in Fig . 4 toge ther With component
layout. The two ICs LM 723 and NE 555 are sup
plied via 22 U and 10 ~l res istors respectively,
by 12,5 V,

The series resistors are necessary in order that
the sen d/receive relay does not stick closed
owing to the 47 j.lF capacitors across the 12,5 V
supprv.

The protect ion zeners, sho wn dotted in Fig. 1. arc
actua lly located on the preamplif ier PCB, These
diodes should always have a zener voltage whir:h
is above 4,7 V. z-ooces having a zener vo ltage
be low 5,1 V do not have a steep characteristic
and a current could flow at vo ltages around 3 V.

4.
POWER GaAs-FET SUPPLY

Figu re 5 shows a suggested Circuit for a pow er
GaAs -FET suppl y. The drain vo ltage is stabilized
with an SGS·ATE S l200 The ouiput vo ltage is
variable between 2,7 and 9 V. The maximal CUI'

rent is 2 A and may be dimensioned by choice of
the resisto r R'iC according to the fo llowi ng for
mu la :

I".. = 0,45 (V)IR!:lC(O )

The converter lo r the negat ive ga te bias uses th e
mon ojithjc C-MOS converter ICL 7660 CPA (lr..
tersil).

The -V,j+Vo inlerlock nanssstor Is agai n the J
FET type BF 245 A. A eeoer-ocos ZP Y 7,5 V, In
series with VB, reduces the beat-je ss of the con 
verter chip, thereby preventing latch-up.

The filter netwo rk at the ou tput of the ICL 7660
suppresses the converter switching freque ncy
sig nal.

The L200 can, of course , be combined wiU, an NE
555 as a conve rter for a negat ive supply.

If is now possible lor you to order magazines, kits etc. us ing yo ur
VISA Cred it Card !
To do so, please slate you r cred it-card number and the validi ty date,
and sign your order.

Yours - UKW ·BEAICHTEJVHF COMMUNICATIONS

''5
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Jochen Jirmann, DB 1NV

A Stable Crystal-Controlled-Source
for 10,37 GHz

Two famili es of equipment ha ve evolved lor
l he 3 em ba rld, the simple, tm sta bil ised Gunn
or FET oscillators for portable, wIde-band, FM
equipment and complex qu artz- stablnsed
systems for tixed-stetlon SSB. Unfortunately
many people have co ns iderab le anxieties
about vere ct or multipl iers which tends to ell 
plai n the dearth of usable co nstruction art i
c les about th em (such as th e X9 multiplier by
DK2VFIDJ1 CR).

Thi s article describes a sfm pie-tc -cc nst ruct
oscillator chain which delivers more than 10
mWat 10,37 GHz without using complex mil 
led and rota ry part s .

1.
THE CONCEPTION

The author has constructed two well·known mod 
ules, lhe 1152 MHz multiplier (OCOOA) (1) and
the X9 multiplie r DK2VFtDJ1CR (2) and wrth so.

DB 1NV

me important improvements has developed a
simple and reliable concept. The block-di agram is
shown in lig. 1 which represents the two un its 10

qemer.

2.
THE 1152 MHz GENERATION

The 1152 MHz mullipl ier chain is aimost exactly
iden tical with thai 01the DCODA 005 modu le , ex
ce pt the follow ing modifications were carried
out: -
- an FM modulator was includ ed as an integra l

part of the crystal cscnator .
- the discretly·bu ih voltage regulator was repla

ced by a 76L06.
- instead 01100Simple N2 circuit etme mod ule's

output, a th ree stage, micro -str ip filter has bee n
inc luded wh ich ensures a 50 dB suppress ion
of spurs and harmonics ,

SF 199
11, D1

aFW92
tz

IlfW92
BFR 96

Tl

BFR 96
I1RF m
T4 ,; 5

B6 1lf,

D2
s:n · ~ e j C

) " ""

Fig. 1: Block diagram of complete mUltlplie-r chein

".
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L7:

m:
0 2:

L2. L3
L4:
rs. L6

BF t 99 . BF 224 or equiv. BEC senes
BFW 92, BFA 96 (T-p1astic case)
BF A 96, BFT 12 (T-p lastic case)
MRF 227, MRF 629 (T039 with emitter
10 case )
BB 105, BB 505
BB 109, SA 138 0r rt need be. 881050r
8B 505

le l : 78108voltage regulator
All trimme r-caps : Valvo toil 7,5 dia
All cepec aors:cer amic 5 mm lead spacing
All elec trolyte s: Tantalum
Resistors: 0207 construction

T1 :
T2,T3:
T4:
T5 :

2.1. Components tor tM PCB DB1NV 003

$eml-conductors

Winding details

L t : 5,5 tums, 0,3 CuL 0 114 mm form WIth
UHF core
1,5 turns , internal d,a 7.5 mm
1 J.lHchoke
wire loop 6 mm inlemal era. t 2 mm
hole spaci ng
10 turns, 0,5 mm CuL , internal ere.
3 mm

- easily OOtaillable, Valvo loi l-trimm ers were
used exclusively throughout,

- all stage s are built acco rding to the recommen
dations of DJ1ZB and are sure-fire and easy to
tune .

- the outpul power can be adjusted by one
trimmer

- the PCB coul d be reduced 1070 mm.. t45 mm
ltIereby fltl lng into a standard tJn-plate c0n

tainer .

Figures 2 alld 3 show the cJrC;uit diagram , the
PCB layout, and the component placement of the
PCB D8 1NV 003 ,

Ag . 2 : Cire uit &che"","Ue ol lhe 1152 MHzge~lor

. '!t.--1
• t

,
> ,
z
;; 2
c. ,...

I '

I -

>
"
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•~-+'-<!'..Ir

>
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.~ - - (P)&f!1
<
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Fig. 3:
Component layout of 1152
MHl generator (. aoldell'd to
groundon upper-slde of PCBI

LB:
L9:
Ll0, L11:
L12:

'46

1 /-lH chelle
wire loop 6 mm inlern el dia .9 mm high
Broadband choke VK 200
10 turns 0,5 mrn CuL. iOlerna! die
3 mm

L13: 1,5IurnS,inlerneldia , 6 mm
L14: 1,25 Iums , inlemaldia, 6 mm
L15: 2 turns , inlernal dla , 2,5 mm
L16 - L18: Micros trip-bnes
wire: 1 mm dia Silvered
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Fig. 4:
Electrica l representation of

the X9 mu ltip lier
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1.
Component part s of the $ RD

" 1rf , ; ,
1 mu ltiplier 1152110368 MHz• • LI ,+' '~ l

>:;' Part 2: wave-g uide !lange• I L _I! R 100
~ ,to,,

I' Part 3: short-circuit slid er
-a br ass 22,7 x 10 x 10 mm toc --t

I

fit in WIG
" ,

Part 4: ,J2 Iine, Brass tube,

jl -" I- -- 5 d is x 0,5, 18,5 mm long

~
, , Part 9: brass po st s

c' J-- 1- ",
12,7 mm x 3 mm die
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As can be seen, the circui t exhibit s no partICUlar
features , onfy the selection 01the verectcr repr e
SEInIS a little lnal a nd error. The author found th at
the SA 138 (no longer mat1lJlactur ed ) and the 88
109 proved successful. Even some lN41 48 dio
de s cou ld be used, following ad justment of the
working poinl by a suitable parallel resistor.

2.2. COfl5t ruction Notes

Those. Ilr'ho are not afraid of a _Ole metal-WOf1o;.
can COflstrue1 the outpUt liner Irom lines and trim
mers supporled above the PCB plane, thereby
obtainng somewhat moreoutpu'l power ,The cce
feet tune-up procedure lor a I'T'IUftlplier has eeeo
dean with soct teo thai II WI. root be repealed here
in detail. A diod e pcee wrth an indicator wi Nbe
useltA to adjUst each stage, ir1 tum , lor maxrnum
outputlllrlhen coupled 10 rtstuned O fClJit . The out·
pet should be a little over 200 mW lor the mero
sIrlp 'I8fSiOrtand 300 10 400 m W for the ai r-d191ec
tric vefSlOO.

3.
THE X9 MULTIPLIER

An SAO (step recovery diode) HP 5082·0830 is
emp loyed in order to multi ply the frequency trom
1152 MHz to the final f requency of 10368 MHz.
This ocoe is coosiderably dleaper than the eee
lier type rCCOfTVTlended by OJ1en but has a
somewha l lower etficierw;y. Whereas D.JleRoc
la lned effICiencies in the order of 10 10 15 %, the
Clrctlil recomme nded her e works with on ly 5 to
10 % according to the ocoe se lec tion. Diodes
possessing a higher breakdown vo ltage tend to
deliver more power.

As f ig. 4 shows, the multi plier comprises a match
ing clrcu it lor 1152 MHz,eecooe jtse ll, as well as
a halt-wave , short-Clrctliled line associated wilh
!he diode. The hall-wave sec tion oscillates at a
greally reduc ed allenuation at the f lna l lreqoency
in accordance whith !he Cllrr8flt impul ses l hrough
!he ecce. The req uired finallrequency is then se 
lected by a post~1ed wave-guide resona tor.

150

More informat ion abou1 SAD mult ip liers ca n be
found in th e Hewlett·Packard AppliCat ion Noles
91Band 9 20 . Fig . 5 shows theoomponentparts ol
the mult iplier- The follOWIng ma terials are requi
red : A 100 wave-guiCle, brass-plate 25 mm JI 10
mm and 3 mm dia . eJllemal. t .z rnm dra . imernel,
as well as 5 mm exrernel, 4 mm internal , d iameter
brass tubing . The bra ss tu bing may be oblained
from model hobby shops.

3.1. Construc Uorl

FIfSt of all, the W8\f9-9Uide section, part 1 in
fig . 5 (prefer ably made of CClpperOWIng to rts h igh
heat conductivity) . is suitably dnlled to recewe the
diode holder. The holding bloclt 7 is also driJe(l
and prepared for Ihe matching eirw it. Aft9f a test
assembly acoord'ng to lig. 6 the drilhng lor ee
diode-holder is checked 10 see thai it is in altgn 
meet Wiltl the W,G hole . TlMl brass M 3 holding
screws lor the cklde-block are Il led down nush
wrth the inl'l9f" SI.WIace of the wave-guide. The two
3 mm eta. posts (pa rt 9) of the M er are ptaced in
the wave-guide, the W811&-glOOe nange (2) is pla
ced over the end and the wtIoIe assemtlty solder
ed together. The AI2 hoe (part 4) is soldered inlo
!he brass block . The choke (pa rt 5) is constructed
as shown in f ig . S by sliPPIng the twoS mm Ioog.
3 mm oa tubes over a 23 mm lenglh of SIlvered
1,5 mm ora. wire. The tubes are pla ced in posit ion

and soldered. the whole Choke assembly msula
ted with tenor tape . The sliding short-circuit
(part 3) is prov ided with 0, I mm copper !oi l surfa
ces to sl ide on, thus making a better binding coo
tact with the inner w8V&-9uide surfaces without
a prec ision mating being necessary

The luning-screw on the side wave·guide wall,
for ms a capacitance for the AJ2 section and is tun 
ed for be st results - it is sometimes not nscessa

'Y.

Before mounting the mat ching compone nts on
the PCB, the brass block (7) mu st be sui tably drtl
led to provide sullicient cle arance for me solder
points on the uodetside 01 the PCB. The PCB

mustje on lhe brass block according to the com
ponent layout.

After the assembly has been completed, the
diode is insert ed by 8f1sunllg that the hea t·sink
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brcss
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4 Fig . 6:

cross section
of X9mu1tiplier

Diode

end (without ring) is placed in the screw-cap (part
6) thus using the greater mass of the wave-guide
to dissipate the heal. Use also a lill ie heat contact
paste for th is purpose Fig. 7 shows the comple
ted multiplier

3.2. Tuning

The tuning of an SRD multiplier is not exactly easy
but the diodes are so robust that they cannot be
damaged during tuning. A good indication of the
correct tune point is, that when the tuning ele
ments are turned, the power var ies smoothly and
without sudden jumps. A signal-generator ad
justedto 1152 MHz and200 t0300mW output po
wer is app lied to the BNC input socket. This bias
potent iometer isset to 3 or4 kH and the input trim
mer adjusted for maximum voltage across the
diode.The output circuit is then adjusted for maxi
mum output power, The short-circuit slider is
about 5 to 7 mm behind the diode. All elements
are then tuned in order to maximise the output
power by a process of it eration . as the position
of some controls may be mutually dependent.
The input power from thegenerator is then increa-

sed to 600 mW when the output power should sa
turate at 30 to 40 mW.

The preset potentiometer may be replaced by a
fixed resistor if des ired. This turned out to be 3,5
kl1 on the protot ype and a standard 3,3 ku resis
tor was used to fix the diode work ing point. This,
however, is temperature dependent and it may
have 10 be determined again later. Suitable cir
cuits for this may be found in HP app lication notes
918and920.

4.
TESTING

The complete multiplier chain was fed into a ca
vity mixer which had an IF amplif ier DB1NV 001
(3) connected to its output port. The assembly
formed a simple FM receiver . The output power
was adjusted for maximum receiver sens itivity
which occured at 10 mW, the noise figure being
9 dB. Test contacts with DG2N D confirmed the
usabi lity of the system.
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Flg. 7 :

X9 multiplier proto

type

5.
REFINEMENT POSSIBILITIES

For stationary use, the simple crysta l oscillator
can be replaced with a low-noise FET in a tempe
rature-corrtroued oven. For portable use, an osci l
lator, able to be pulled 10allow a sw ing in output
f requency of 3 MHz, may be useful. For this pur
pos e, a 96 MHz crystal, in an external c ircu it, may
be excited at its bas ic frequency (for greatest fre 
quency pul l) and then mu ltipl ied by 5 and fed into
the existing crystal oscil lator stage which then
wo rks as a buffer. The 96 MH z sign al from the X5

multiplier must be inspected, however, for spec
tra l purity.

The 1152 MH z ge nerator can, of co urse , be used
as a low-power tran smitter for the 23 em band but
the author has not conducted any experiments
w ith thrs po ssibi lity .
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Erich Stadler, DG 7 GK
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Measurement of Ca ble-Impedance with
Impulses and Sine-Waves

Cables hay e the property, that impulses arriv 
ing ilt the cable-eod are reflected 10 an el lent
wh ich is dependent upon the degree of mi s-
miltch of load to cable characteri st ic Impe
dance. The actual shape of the applied im
pulse wavefonn Is of smillier impof1ance . Be
CilUM sioe-waves may be reg arded al bo th
po s it iye and negallveimpuises. they can also
be used for measurement purposes . A cond i
t ion of Ihe measurement is. however. that lhe
term lnaling impedance Is purety resis tive.
The only value 01 terminating Impedance
which absorbs the Impu lse completely is that
whic h is equal 10 l he ebarecterteue imped an
ce Zo. Using sine-waves the reflection stano.
ing waves are caus ed 10 bec ome un ity and
d lsappeilr using a swe pt disp lay (wobbul.
lor). This method is relati vely fasl.

1.
USING IMPULSES TO MEASURE
COAXIAL CABLE Zo

1.1. Test set-up

For nus metred, an OSCilloscope and a pulse ge
nerato!" are required. The OSCilloscope monilors
the impulses which a,e transmllled down lhe ca
ble (8M lig. 1) N01 only me incident onsee are

displayed, the reflected ones too am po'OSB", . For
a proper display , ~(lf. the t o-e-base ollt1e
oscecscooe must be suitably adJVSted as Wl~ be
discussed later.

1.2. Melhod of measuremen1

Before !he actual measuremenl can proceed, it
must be aeceneeee thai retlecborls are in tecr
present on the trace . The genera lor delivefS a
tram 01 pulses wtllch is displayed on me saoen.
On a short. low-loss length 01 cable Ihe incident
Impulse has the same amplitude as tho rellocled
impulse under ll ",crminated coodinons. In order
thai both may be identilied, lhe tar end 01the ca
ble is lemporarily shon--eircuited The renocioc
impulses wili lhere-upon chall99 lt1elr poranty.

The behaviou r ol lhe reflected impulses must be
observed throughout lhe measuremen t process.

Fig. 1: Tesl 6el-up tor Zo..-. ....._nl u"'l1
impulses
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h ndong to ole,

R > Zo

re fLi~u l se

LJJ
I1Ig! ch ..1- nR ~ lo

1 tending to sic, R< " -•rpfl. imp" ll.e

Fig. 2: Oscillosco pe trac... lor v~ r;ous cable
term inations

A known resistance R, which is estimated to ap 
prox imate the ch arac teristic impedance ZOo is
used \0 tef mmale Ihe far end of the cable The
ampl 'lud e 01 lhe displa yed pulses will then be 
come much sma llel . lf the reneeec pulses lend to
approach the amplitude 01 the inCident pulses
then it is clear that R is greaTer than Ihe cable za.
li the reflected impulse has a reversed polarity ,
then R is smaller than Zo (see li g. 2). If Ihe renee
ted pu lse disappears alt ogether. the terminating
resistor A .eexacny equal Io tne characleristic im
pe dance cl lhe cable Zo (Iig. 2 mid dle).

II may be expedient to terminate the cabe-eno
with a variable non -inductive resistor and meas
ure the va lue of res istance, which has caused
the renecreo impulses to disappear, using anohm
mete r .

1.3. Observatio ns on time-base and tes t·
equipment

The measuremen t can on ly be expedicu sly car
ried cct If the re flec ted impulses can be aoequate
ly identified from the incident puls es . That is to
say , when the transmined impulses ale naHOWin
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relationship TOthe repet ition time (sma ll dLlIy fac
tor) and that the cab le is long enough to allow suf 
f icient time betwee n the end of the inc ident pulse
and the start of the reflec ted pulse so that they do
not merge , The pul se repetition rare shoul d not be
undul y high but sutncent to allow a stable trig
gered trace . A repe" " on rate 0150 Hz shou ld be
suitable i1 the pulse- width is suff ic iently narrow .

1.4. Example

The cnaractensnc imped ance of a 10 m long ca
b le of veloc ity teeter 0,66 is to be determine<:!.
What is (a) the separancn time betw een incident
and return pu lses. (b) a suitable time-base. (c) a
Suitable pulse width. •

Solut ion : The propagation time along the cable is
v _ 0.66 x 300 x 1 0~ mfs '" 2 x 10! m!s For a 10 m
long cab le, the transmiss ion time is 10 nva x 1 0~

mis '" 50 ns Th e reflected energy hasa iotatnan
sll time of tw ice that of the incident i. e. 1oons. For
a reasonable display the time-base should the re
fore be set to maximum O,1f.' s/cm and at least 10
ns/cm . The pul se-width 01 The measurement pu l
ses should be small in relationship to the time be 
tween incident and reflected pulse s. in this case
less tha n 50 ns .

FOf a clean trace. the oscilloscope shou ld also
have a y-del lecl ion frequency of 10 10 20 MHz in
order to ensure short rise and fall times on the dis
played pulses. The pulse per iod should be so
chosen mcro ertnatthere is a suHicien t time Inter
val between the trailing edge 01a renected pul se
and the leading edge 01the next incident pulse. In
the example above, a pu lse repe tition trequency
of2 MH z, i.e. period of 0,5 ~IS , can be used , The
lest-item used for demonstrat ion purpo ses,
shown in fig . 3, has a leng th of 100m and can be
tested at a PRF of 100 kHz and an oscill oscope
bandwidth of only 3 MHz is suffic ient

1.5. Test -Method Lim itat ion s

The pulse -w idth of the signal ge nerator impulses
nee d notbe a lim ITing factor. Wifh a little practice it
is possible to use relatively broad lest pu lse
widths . The Incident and reflect ed pulses overl ap
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Fig . 3:

RG-58-Cab le, length 100 m and
mon it ored impUlses

Photo: Electronic Schoo l T"'l1nang

Fig , 4 : Det",rmi natlon of Zo using · Iong~ putHB

and cause the incident pulse to be stepped in the
manner shown in fig . 4(1), A step-up is evioentr or
a reflected pulse arising trom a terminafing reo
sistor which has a higher value than that of tho
line's coaxial cable. In tho same manner, renee
ted pulses been a lower telminating load than that
ot the cable impedance. cause a step-down (c) in
the incident pulse. When the cable is terminated
in its characteristic impedance the incident pulses
are ur snstoneo as shown in fi g, 4(b).

The test method is mora severely anectec by the
limitation imposed by the oscilloscope rise-lime
and/or that of the pulse-generator used for the
test. This makes it very diflicu lt to see where one
pulse ends and the other begins as shown in
1ig. 5. With regard to the required bandwidth of
the oscilloscope and the minimum cable leogth

®

,R >Zo

~_.'-,,-J '- _ ,

LJt \L--..!! _L _
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which is able to be tested , the considerations ot
me example indicate thet the total rise-time
shoold be les s than 100 ns Supposing that pul
ses from lhe purse-qenerator had a 35 ns rise
t ime, the dIsp lay oscilloscope should have a mini·
mum bandwidth of: -

lu..... ... 0,35/0,035 /IS = 10 MHz

in ord er that the impulses arc suffic ienlly le ith/u lly
repr oduc ed on the nace.u cable lengt ns of under
10 m are required to be tested , then the osc illos
cope banctwilh would have to be increased and
the pulse-generator woold requIre a pulse rise 
time 01tess than 35 ns

2.
USING SINE WAVES TO MEASURE
CQAXIAL Zo

2.1. "rest -set-up

The equipmenl lor this method diNers from the
measurem ent using pul ses. as on the one hand a
high-frequency signal ge nerator is used and on
the other hand the mo nitor is notan osc illosco pe
but a high-f requency probe witha PC meter as an
indicator, Tho freq uency otme ge nerators should
be variable over a very large range (I ig . 6)

2.2. Method 01 Measurement

Firsl o f all, the cable to be tested is either lell
open-circuit or short -circui ted at the far and .
Standing waves are set up along the length of the
cable but they cannot be measuroo as the inner
conductor is not accessabte . II, however, the fre
quency is varied unli l say a maximum is indica ted
00 the me ier and then until a minimum is moce
ted . it will be apparent that lhe lest may be carried
out a t one spot - the cable inpu t end. It is only
then necessary to note the difference betw een
the ind icat ion at a voltage maximum to that at a
voltage minimum. The bigger the diffe rence. the
bigger the mis -match. The measurement cons ists
o f varying the value of the toad resis tor unli t the
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IV " lo~g " i lTlDJ l ,es " s n ~ ,I" i"' ;l<; ! s"

J_f 1 ':;';: ,
lecdi1g edgf

"'" ri, € li M.

Fig . 5: Limitat ion of th. reuectrcn method owing

to large pulse rise·t lme

omereoce between the maxima and the minima
disappears to zero. The cable is then ma tched
and the va lue 01 resistor for this condition reo-e.
se ots the value of the cable's cnaractensnc impe·
dance Zoo As in lhe case of the pulse tes ts. the
whole procedure is made less cumbersome by
using a non- inductive variable res istor at the far
end of the cabl e and measuring its resistance with
an ohmmeter as soon as the voltage cift erentia l
has be en reduc ed to zero. The generator must
have a con stant volfage output over !he range of
me measureme nt. The signat generato r could
also be rep laced by a wcooutato- and the HF·
probe and meter by an oscilloscope. Swept me a
sureme nts are then made which simplify th e mea 
surement eno rmously. Th e loa d res istor Is var ied
unt il the trace is Hat, the cable is then ma tched
(f Ig. 6) The osc illoscope can be almost any

Fig. 6: Measurement of Zo u! ing ! ine-wavea

a) Manual fr8(lUllncy shirt and meIer indicator
b) Swept f requency aoo variations of vo llag e

displayed on osc lliOlcope
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available as no great demands are made upon it.
It does not have to display high frequencies but
merely the amplitude differences between the
maxima and minima from the rectitier in the
probe. When testing a long length of cable, the
treque ncy difference between a voltage maxi
mum and a voltage minimum need not be very
large as will be seen in the following example.

2.3. Example

A 10 m long cable with avelocity factor 01 0,66 ex
hibits a voltage node at the generator end when
the lar end isopen-circuil. Thegenerator frequen
cy is -1 30 MHz: which means thatlhe number 01
wavelengths on the line lalls short 01 an exact in
teger by ,j4 The frequency is raised to 435 MHz
and exactly 22 wavelenqths appear along the line

Space-slides
Educational and Beautiful

Fantast ic colour-slides from fhe moon Journey
programme and from various NASA space
probes supplemented by telescope photographs
from well-known astronomical observa turtes.

We offer a large selection of various series: Ex
perience fogether with your family, the astronauts
on the moon, the earth photographed from space,
the Martian surface phofographed from the soft
landing VIKING probe and coloured radio pictu
res of Jupiter and Saturn fogethe r with its ring
system and moons, Above all, wonderful, colour
telescope photographs of the Sun, its planets and
their moons aswell as planetary clouds and many
distant galaxies.

All slides framed and titled in English, For more
informafion see rear cover.

and the voltage at both ends is maximum (anti-no
de), The frequency change to achieve this is
1,1 % II this measurement was carried out, how
ever, at say 100 MHz. the frequency change
would have to be some 5 % . It would also be 5 %
at 430 MHz, if the cable length was 2.5 m instead
01 10 m

2.4 . Conclusion

Although the methods of determining a cable's
Characterist ic impedance by pulses or sine-we
ves is efficacious, it is not the only method of mea
suring a cable 's Zoo It may be done by measure
ment of L and C or by comparison of the exact am
plitudes of incident and reflected waves thus ob
taining the rellection coefficient. The latter will be
the subject 01 another aructo.
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Gerd Korner, OK 2 LR

The PCB - In teurs ted Coaxial Tuned Circuit
~

The methods in troduced by this art ic le shou ld
c lose the means of obtaining selecti vity gap,
which ex ists between str ip l ine tuned circ uits
and cav ity resonators , in the highest freq uen
cy ra nge. The use of the " integ rated coax ial
ci rcuit", devised by mysel f , should bring to
ma ny constructional projects a substant ial
simpl itication and also m in iaturisation of ci r
cuit s in the microwave area .

Since the principle is not limited to a certa in fre
quency, it is left to the roaocrs Of this artic le to as
certain the limits of the technique, I have built test
circuits working between 2 and 10 GHz A pre
amplifier will serve as an exarnpro which accor
ding to the position 01the tuning plunger will ope
rato in the 12, 9 or 6 em band.

1.
THE PRINCIPLE

Tile low-noise, selective prc-ampnncr mentioned
above, is shown in Fig. 1 3S a mixture between
circuit diagram and constructional sketch. For
the 12 em band lhe following data was deter
mined, G > 10 dB, BW < 20 MHz. F[IH'-~ 2 10,3dB
This was attained with a drain current of 10 mA at
which value, no current flowed in the zener diode
protect ion device. The main items of interest are
the two PCB integrated coaxia l circuits In orderto
understand their operation the current distribution
in both, cylinder and in pot resonators. will be con
side red (Fig . 2).

Fig.1 :
Low noise selective pre-ampl ifier
for the 12. 9 or 6 cm band

b
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Fig. 2:
a) Highly non-uniform current distri bution

in an actual coaxial circuit
b) uniform current distributi on in an ideal

coaxial circuit
c) the current flow is greatest over the lar

gest surfa ce areas in the cavity resonator



Fig. 4 :
PCB integraled cou ial tuned eircuit lop v.....
;I) PCB conneCIing lead without transfofll'lallon
b) wit h step-down transformation

c

,
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Fig, 3:
S.o.. view of the PCB inleg,ated coad ll i tuned ci,cu it
a) Shield rocessed and inser1ed into PCB. The PCB

ground poIane~ not comec t along the slot
inside the shield

b) CoPPM loil in slot. shield soldered ontOPCB

The cu rrent d 'Sl,'bullOfl In lhe pot resonalor
shows clearly why il possesses a tvgh creon a ,
The poinl is, Ihc reductlOnol eoneeecucseccce
siOoed by lhe use of largo, good COOCluct'ng sur
faces and tne avoidance 01 lossy ociocrocs
(glass epoxy material) particularly at the -ror'
end o' the tuned circuit.

Srnp-coodcctoe luned e rects must then, have a
broad current distllbut>Oll and at the ~hoI· capaci
tive end tapenng-off or better still into air or som e
other h'9h qua lity dielectric. W ith this . by the way .
a further disadvantage 01 strip-line circuits is not
yet remedied. namely the ractatcn ofSHF energy
fro m the PCB into spac e which represents a fur
ther loss.

At small wavelengths there is ac tually nothing
against leavi ng the hot port ion of a tc oeo-ceccn
of! the PCB and pU1tlng ~ into coa xeriorm in a
screened enclosure. In this maneo r. but at the
cos t of more mechanical euon the integrated
co axial circuit was evolved 1hereby avo ldlOg the
aforeme ntioned drsaova ntaqes of u o strip-li ne
tuned c ircuit.

Fig. 5:
Mechanical princip le
of lu nin9 plunger

2.
THE PRACTICAL CIRCUIT

As the diagram s in 3 and 4 eo.catc. the Maces
carrying m e greatest portlOfl of the cu rrent In the
tuned circu it are etched out in iI41 eXponN1t1al lorm
on me PCB. The hoi portion is mounted perpendi
cular to the etched PCB and consists 01a coaxial
arrangeme nt o f a 4 mm tuning plunger provided
w.th a screw thre ad which run s throu gh a 5 mm
lapped bush all mou nted in lhe centre of an 11
mm o.a. shield. Th is arrenqement ope ns up QUite
new possibilities as the PCB wilh thes e tuned err
ccns offers not on ly se lectivity Ofthe hlghesl order
but also a means of compens ati ng reac tive veic
cs. II is also possib le 10transfor m Input and output
impedance

A connection 10 the PCB conductor a t the foot 01
l he plunger as.<;embly rep res ents a lap located
near lhe col d end 01 the tuned cec un. wtl ich ap
proach es the very low impedances of a tra'i sis tor .

If a tap is req uired nearer the hot end of the tuned
circuit. the PCB portion is simply ma de broad er
(but this increases dielectric losses) or a top capa 
city is added to the tuning plunger, thereb y alte
ring the cir curts LtC ratio , The two "f loor" pieces
of the coaxial pot then hav ing a greater share of
the tot al circu it inductance. Th e SHF input an d

output connections are ted-in at right ang les to tho
lead ing edge of the floor -piece concerned, in ac
cordance with F ig. 4 (a and b co rrect , c incorrect)
Suppiy vo ltage connect ions aretaken to the Circu 
it as shown in 4 d . L e. pa ra llel 10 the ground por
tion of the tun4 circuit.
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Fig . 6 :
Compo nents :
fo r the shield a piece of o ld teo
lescopic sntenna can be used.
The length of the part s is gi ven
in Table 1

The mechanical princ iple o f the tuni ng plunger is
shown in Fig . 5 whilst the dime nsions of all paris
are given in Fig. 6. Th e length of the tuning plun

ger is naturally, in accordance with 1I1e wave
lengt h. Ta ble 1 con tains the values for the three
am ateur bands.

Rand

Plunger
Bush

12 cm

33 mm
20 mm

gem

21 mm
20mm

' em

12mm
tc mrn

Table 1

Fig. 7: PCB and co mponent lavout fo r the amplifier
of Fig. 1

3.
AN EXAMPLE

Now for the pre-amplifier mentioned in the intro
duction to this article, the PCB and compon e nt
layout of which are shown in Fig . 7, Thetwo-sided
PC B is mad e trom glass-epoxy and measu res 60
x 27 rnm. The usc ctu us lossy ma terial at SHF is
made poss ib le because the low impedance pe r
l ions 0\ the circ uit remain on the PCB whereas the
hot high impedance part s 01the resonators are lo
cated in the inteqrated coaxial circuit in air. A lso
the separation of the other components can be
kept to a minimu m thanks to the non -radiat ing
coaxial circuit

Fig . 8 shows a ga in/freque ncy cu rve as measu
red by DB 2 IZ. The frequ ency ma rke rs are 2120,
2320 (centre) and 2520 MHz. Hie 10 dB po ints
have a bandwidth 0134 MHz. Finally a propos ed
method 01sinking the source chip bypass capaci
to rs into the PCB is shown in Fig . 9 .
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Fig . 8 : Power ga inif reque ncv Character ist ic of
13-cm-amplif ier of Figs. 1 and 7
fm"~ 2320 MHz: BW _,adB ~ 34 MHz

Fig . 9: Gro und ing of GaAs-FET sourc e co nnect ions
v ia chip capacltcrs set into the PCB
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Jochen Jirmann. 08 1N V

A 12-V-Mobilc, Switched-Mode
Power Supply (SMPS)
Part 3 (Concluding)

3.
POWER SUPPLY CONSTRUCTION

To begin With , a warning.

A large po rtion 01 the power·supply works al
mains polential and lhe tsotaton is provided by a
smail lerrite translormer. For this reason only ell 
perienced cooseu ctors familiar with ma ins pra Cli
ce (and in parl icular. mains lransfor mer winding )
should anerrot this project He should also have
available eithe r a va ria~e mains tsorauon trans
former (ool an auto-lrans forme r) or a 0-300 VDC

mains isolated power supply and no should have
alread y constructed a high-power supp ly.

The anti- interference ' iller capac itors in parti cu
lar, should be in good cond ition and bear off icial
appr oval marks from the natio nal safety regulato
ry authority concerned (0. g . VDE, BS. lEG) . Do
not use junk-bo x compo nents .

Th e setting -up too , requi res vory careful use , and
expe rience with an osc illoscope. Short-cut lesting
methods are definate ly not for this project.

3.1. Wound Co mpo nen ts

II is bes t to stan the co nstruct ion with the transfor
mer and dloke .

T~ choke L 1 is the easiest to fabricate using a
transformer-kit (f ig. 4) SM SSCOllslStingof alami·
neteo c-tcem~_ The two wind 1'9 apertlJres
should be hl'ed (leave a 1 or 2 mm air-gapl W1lh
CuL (enamelled copper wire) 0 .7 mm oe and !he
winding ends termmated at the -coeecr' polar ity .
Pieces of 1.5 mm PCB or Paxolin can be used as
spacers lot It\e slotsbetween core parts and ee
1,5 mm air-gap . To preve nt ee cho ke from hum
ming . the core-halves logether witl'l spacers and

•0 0

0 0

0 0
0 0

0 0
•

Fig. 4: Input choke L 1: Tnsfr. kit SM55 lamlnltll!'d
core with twin coli bobbin s. Both compart
ments filled (10 Within 1 _ 2 mmJwith 0,7 C<lL
win dings. Air-gap: 1 mm.

'6'
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Fig. 5: Main Translormer T: Core ETC49 with paper

thichness " ir"gap
n 1: 50 turns 2 X0,7 CuL parall el
n 2: 50 turn ~ O,S CUL
n 3: 4 turns O.S CUL
n 4: 7 turns 10 x 0 ,7 CuL

The transformer construction is more compnca
led (f ig . 5). A bif ilar winding consisting of a few
metres at GuL (2 x 0,7 mm) is prepared for the pri
mary n 1 About 2 1 turns are wound lor the first
single wind ing laye r in order thai it comp letely fills
the bobbin length. Two layers 01 insulation are
wound over this layer. The demagnet ization win
ding n 2 is wou nd cent rall y over th is with 50 turn s
of 0,5 mm CuL. Then another two layers of insu la
tion followed by a further 21 b.tnarwmdmqs of n 1.
Ag ain, two layers of insulation followed by the fi
nal 8 turns of n 1 In Juxtaposition to n 1, now wind
4 turns of 0,5 Cu L fo r the auxi liary supply wind ing
n 3. Over these two windings come tour layers ot
insulation . Ensure that all the winding tausarc fu l
ly insu lated and terminated with tho correct polar i
ty indi cation s (see dots in fig . 5)

ccilbob bins. are assembled and glued with two
component adhesive and clamped in a vice.

The secondary n 4 con sists of ten 0,7 mm con 
ductors twi sted together wh ich the author wrap 
ped with teflon tape for extr a insulat ion. The wind
ing n 4 cons ists of 7 turns held in pos ition by ad
hesive insulation tape, the ends are left f lying but
all ten conductors are cleared 01enamel and sol
dered togelh er.

A core-hall can nuw be put in and held wilh a
spring fastener A lew pieces 01pape rterm an air
gap and th e second core ha lt is insert ed and se
cured with the cl ip_

The choke L 2 consists 01a core ETD 39 which
has been wound with 15 turns 0110){ 0,7 mm
twis ted CuL The air-gap should be 1 mm made
Irom suitable insulation material.

The base choke consists of a 0,5 WI0,47 n metal
fi lm resistor, upon whic h 12 turns of 0,5 mm CuL
has been wound.

All the cores can be glued later, fo llowing test
ing , in order to preventthemtrom vib rating in sym 
pathy with the SSB modulation thus causing adis
to rted audible sidetone.

II an adjustab le high-vo ltage supply is available,
the insulation between primary and sec ond ary 01

the transfo rmer shou ld be test ed at 5 kV - no dis
cernab le leakaqe-curren t should flow

3.1.1. Core Materia ls

Input Choke L 1: Lam inated SM 55 with two -part
winding bobbin and PCB mounting.

Power Transformer T : Co re-kit ETD 49 (Valvo
or Siemens) witho ut air-gap and PCB mounting.
Core materi al designat ion , Va lvo 3C8 , S iemens
N 27.

Output Ch oke L 2: Core-k it ETD 39 (Valvo or
Siemens) either without air-gap with suitable
spacing ma terial (0,5 to 1 mm) or core with 1 mm
air-gap.

Output Int er1er ence Suppression Choke L 3,
L4: Ferr ite core 25 x5 mm ora. eac h with 5 turns
2 - 2.5 mm CuL.

Cor e Material e.g .
Valvo tube core 4322 020 36810
or rod core 4322 020 39450
See para. 3.1. lor winding details .

3.1 .2. Winding Details

Input Choke L 1: Both compartments wound to
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Power Transformer T:

Semi Conductors

3.2. Other Components

full capacity with 0,7 mm CuL (number of turns

not critica l)

The construc tion can now proceed in accordance
with the circu it schematic and component layout
(fig.6). There are however, a few points to watch :-

The bipo lar transi stor ver sion, now un der cons i
derat ion, has a slow-rise-ne two rk load resistance

compris ing thre e paral lel 3 ,9 H n W resistors. In
order to preve nt scorching of the PCB and heating
of the power transistor, these resistors should be

arranged to be physica lly above the component
plane .This is accomplished by soldering two 5 em
long pieces 011.5 mm wir e in the so lder points on
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3.3. Printed Circuit Board DB1 NV 002

Resistors

1 x NTC re sistor K 23 1/4,7 J I or better K 232/33 n
(Siemens)
1 x VD R resistor S07 or S2@K250{Siemens)
wi rewound 7W/4V'1 (V itrohm otherwise carbon i
melalf ilm 0,25 W if required 0,5 W RM 10 ,

Heatsinks

Capacitors

3 x 2200 pF 250 V VD E (fo il or ceramic)
1 x 0,22 flF 250 V VDE (foil)
1 x 0,22 f-tF/630 V
1 x 47 nF/630 V
2 x 220 !IF 385 V electrolytic (standing)
2 x 2200 pF 1500 V impulse-proo f (bipolar
version) or 680 pF 1000 V ce ramic
all other capacitors, fall al l 00 V or electrolytlcs
at 25 V

Power Transistor: 2 fing er-f inn ed bo lted to

gether or alu. diecast finger-finned 5 KJW e. g.
Fischer FK3 18

Dioden : Heatsink 100 x 65 x25 mm, Q . g.

Fischer SK 18

Trans isto r heat s ink abou t 50 KJW for dri ver

2N2219

1 Thyristor 50 V115 A
Universal diodes 1N4148 or equ ivalent
1 universal diode SAX 14 (IF ;'" 400 rnA) BAX 18

1 cote coupler COV80 (Telefunken)
1 cconouc TL494 (Texas , Motorola)

MJ 16010 (Motorola) or similar fast bi
polars with VCEV '" 850 V,
Ie > SA, s> 10orPower FET BUZ54
(Siemens) or others with
Vns 2 850 V, If» 5 A.
2N22 19 (fast switcher) or equ ivalent
2N2905 (last switcher) or equiva lent
BF459 (Vee = 300 V, lc = 50 rnA)
BC547 or equ ivalent

T t :

T 2:
T3:
T4:
T 5,T 9:
T6, T 7,
T 10, T 11: BC55 7 or equiva lent

1 Bridge rectifier 250 V(500 V) , 1,8 A: B250
C 1800
3 fast diodes 800 V/O,4 A, SA 159 or equ iva lent
2 fast diodes 800 V/ l A, BY 500 -BOO or equiva
lent
5 Zener diodes ZPY 100
2 Zener diodes ZPD 6,2
1 Zener diode ZP D 9,1
i Zen er diode T,PD 2,7
1 Zener diode ZPD 5.6

2 fast powe r diodes SYW3 1 -100 V (Motorola)
(ID = 25 A, VR = 100 V, 1;:S; 200 nsec)

Primary n.:50 tu rns 2 x0,7 mm CuL , first layer 21
tu rns , third layer 2 1 turns (dem agnetis ing coil n,
between) and 8 turns in fourth layer ,
Demagnetis ing winding n2: 50 turns 0,5 mm CuL
Auxi liary supply wind ing nc 4 turns 0.5 mm CuL
in layer 4.
Mains insulation: 4 x transformer insulat ion foil ,
Winding laye r insulation: 2 x transformer insula
lion foil.
Secondary winding n4: 7 fum!'; 10 x 0.7 mm Cu L
(twisted)

Output Choke L 2: 15 tu rns 10 x 0,7 Cu L
[twis ted]

Output interference suppressor choke: 5 turns
2 mm CuL
The windin g diagrams are shown in figs. 4 and 5.
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Fig. 6: Comp onent pl ~ n and conductor bands of 37 'lingle-sided 260 mm x 190 mm OB1NV 002 PCB for
$witchlld-mod <e supply
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Fig. 7: Tesl construcl oon 01 SUPSDel NV002

the PCB. The resistors are then soldered bet
ween. radcer-rasbon. w~h a 2 cm clearance to
the PCB's surtace ThiS may be seen hom the
photo fig. 7 of the underside 01the prototype.

The "high-eurrent" wIring or the transtc rmer se
condary is not taken vtePCB tracks but directly to
the capacitor connections and secured with M 4
brass screws, the hoads of which. are soldered 10
the PCB tracks. The photo should indicate Ihe
general arrangement.

The damping componen ts 01 the second ary dio
des are connected With ooe end to a so eer-tao
screwed 10 the heatsink and the other end diroctly
to the diode anode.

The suppression filter capacitors at the DC Ol.Jtput

are also cconecieo directly to the ccrrocoent ter
minals . For chokes L 3 and L 4 there are two sug
gestions:
either slip two suitable Sized tubes (Wei the COIl
doctors or use transforme r paper and secure with
3 to 5 turns 012.5 mm CuL

It is of great importance that the reed relay, used
to initiate the slow-start at the moment of ignition
of the over-voltaq a protection thyristor, Is correct
Iy prov ided . Two Lilz-oonnec1ing wires al e care
fUlly soldered to a large (I ... 40 mm) reed contact
and insulated with heal -shrink tubing, In tho mid
dle 01the reed contact 3 10 4 lurns ot t mm CuL
wire are wound whiCh form me excuanon-co! ;n
the thyristor 's cathode The windings are secured
with two-component glue tom e contact bctcre the
assembly is pressed into service.
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The simplest form of hous ing is provided by a
u-tormec chass is ot l ,5 mm aluminium plate with
a cover of Ihin perforated sheet. It is recommen
ded that the chassis is st iffened by two squa re
cross-section (8 x8 mm) lenqth s of aluminium as
shewn in 1ig , 7.

4.
ADJUSTMENTS

aetore the comp leted supp ly can be used , it must
be very carefu lly adjusted and tested. For this, an
oscilloscope, an adjustable isolation transformer
and a current limited test, DC power supply 0 - 20
V!O,5 A are requned.

The ove r-voltage protection on lhe secondary
side is adjusted lirsl by applying 15 10 16 V 10the
ootpt.J l terminals and adjusting P 3 so lha l the
thyrislOJ fires at 15,5 V and th e oo tptl l vol tage is
ther eby sron-clrccnec.
Wi th P 1 and P 2 set to mid-pos ition, the test
sup ply is connected between pin 11/12 (+ Vel
and pin 7 of the Tl 494. The oscil loscope is con
nected to pin 5 01the Tl494. The lest-supp ly vet
lage is slow ly raised trom zero to about 12 V. At a
poten tial 017 108 V a saw-tooth waveform shOuld
be soon at a frequency 01100 to 120 kHz .

The osc illoscope is then connected 10 pin 10,
which is at th is time , at ground potential . Increas
ing the test-supply vol tage to just above 12 V (the
over-voltaqe protect ion threshold) a squa re wave
train is disp layed which ha s a frequency ot 50 to
60 kHz with a duty-cyc le varying between zero
(shut down) toalmost 50 % (full output ). Wh en a
short-circui t 01the reed- relay occurs Ihe impu lses
disappear and when it is removed the duty<ycle
increase s to almost 50 % thus prov iding the
necessaryslow start.

The same pulse Iraln is to be see n at a lower am
plitUde at the base of the switch ing traostsior.
Check also me reterence volt age of 5 V at pin 14
01the Tl494 ,

The high voltage po rtion will now be tested : 
The te st-supply is disconnected and the base of
T 4 coonectec to the emitter 01T 5. The collector
resistor 01T 41s also discon nected . Th is puts the
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starting cir cuits out of act ion ,

The power -supply is now connected via a variab le
Isolation transformer 10 the mains supply and the
vollage slowly raised . The input current should be
about 20 mA at 220 VAC representing mostly the
reactive current through C 2. The reservoir capa
citor then has a voltage 01about 300 V across il.

The start circu its are now rendered operati onal
again (but wai t lor the charge on C 5 and C 6 to
decay) and the in put sup ply raised onc e more to
220 VAC. The outp ut vo ltage is then adjus ted to
about 13 V by means 01P 2 and the curr ent -l imite r
t020A with P l .

When do ing this, the current limiting fold back
charecterrsuc must be taken into account. This
lacilily reduces the cver-curreot in the output cir
cui t 10 long-Ierm , safe proportions II can also pre
vent the power supply from reed ing low resistan
ce loads , suc h as incandescenl lamps, under test
cconcos tn no rm al use, (transce iver switched
to receive) the power supply sta rts reliably wi th to
5 A initial load.

5.
HOUSING AND OPERATION

The PCB should be ins talled in a screened metal
enclo sure as may be seen in the pic ture of the

prototype. The construction does not need to be
absolutely "watertight " because of the relatively
low frequency of the interference likely to be pre
sent. The radiation 01inte rnally ge nera ted lnterte
renee is dependen t ma inly upon the power being
suppl ied.

The mains hner, mains onloll swnch and outpu t
lerm ina ls may be mounted on the side wall of the
chassis. It should be men tioned ag ain , at this
stage, that the suppression com pone nts on the
PCB represent on ly the minimum necessary
which, in any case, should be completed with a
good mains filter.

The rectif ier and transistor heal -sinks are gene
rous ly dimensioned for -ronn ar' radio commu ni
cation operation and shou ld work continuously at
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Fig. 8: Co mponenl a lter at iolla lo r MOSFET ve rSio n

10 10 15 A uncler good ventllalion con ditio ns
Shou ld conllnvous lu ll load s 0120 A be requ ired
at higher amb\efl t tempe ralu res, larger he at-sinks
or toecec-a« cool ing should be prov ided

6.
ALTERNATIVE PROVISION
OF POWER-FET

The PCB has been prov ided wIth the means by
which a power·FET may be fi tted WIth the mini
mum of aneratoo. The power·FEr chosentorthe
prototype was the Siemens BUZ 54A Voo <: 800
V, 'os?-4A. As theclrcurt-exuact 01IIg. 8 shows,
the driver stage is merely wired differen tly, the
enu-seiureuon components are not requ ired and
the drain RCD network coeccoents are con
siderably smaller. Whereas the blpolar trans istor
losses arise mainly from the nnate switch ing
times and al e not so dependent upon the load , the
FETcsses are almost entirely 'tl lOsses wh iCh
occur dUring the Corxtuctlng pe riod of the FET. It
is mere-ore to be expected Ihat the FET with a
light ceo -current, work s at the higher eff iciency
and tha t the bipol ar efficie ncy is greatest .11 luH
load. In be tween these et tremes. both types 01
l ranslstors beh ave in the same manner as may be

con lirrncd by the da ta in me following parag raph,

7.
MEASURED VALVES AND
USER EXPERIENCE

Prototypes 01 both FET and bipo lar ve rsions 01
the switched·mode·po wer· supply we re consuuc
ted and tested . The fol low ing da ta was obtained.
Mains inpul 220 VAC, Output vo ltage 13 vec
Quiescent curren t (bipolar) ,. 15,5 W
Qui esce nt cu rren t (FET) '" 8 W

Tabl e 1 sho ws the comparative eucences 01
both supplies at various load currents.

ILIAmps 2 5 10 15 2Q

<1% 63 ss 8' 87 ee
bipo lar

./% 78 89 93 9 ' 87

Table 1
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As it can be seen, the f ET version is slightly more
efficient under part ly loaded conditions, The
switch-on surge current of the supply was limited
to about 10 Aby a thermistor,Withoutthe thermis
tor and with only the input choke. the surge cur 
rent rose to 30 A. The periodic peak current from
the mains supply was abou t 4 A at lull load With
Ihe heats,nKs as shown in the pho tograph . the im
portanl components such as switching -1ransistor •
secoocary ocoee. trans!ormer and choke
l eached a temperature 0150' C unde r 10 A load
cond itions Only the slow-rise network resistor

was warmer With a temperature 01 80 ' C. Alter
these tests were conducted. both suppl ies were
pul into service by DL 8 MX, The "test load" was
an ICOM IC 730 with a L7B power amplifier into a
Periodic-7 beam. Despite the close proximity 01
the power supply to the radio equipment - it was
laid direcliy on the PA in order matthe 12 V cables

would be of minimum length - no signs at HF in
terterence was apparent on any band , Using the
TS 930 receiver portion there was also no eviden
ce of power-s upply switching frequency narrno
nics, Expe riments with VHf/UH F transce ivers
and PAs were also as succes sfu l. The only
sour ce 01annoyance was Ihe dis torted sidetone .
which was to be heard tram the temte cores.
which had not boon glued on the prototype.

Summar y

With normal over-the-counter com ponents. a
12 V switched-mode-power -supply (SMPS) with
an overall size of 300 x 200 x 70 mm! and just 3 kg
In weight can be realised , It may be used to supply
all the custom ary transce ivers with the necessary
freedom from either unwanted radiations or from
mal-function aris ing from AF teres.

New Interdigital Bandpass Filters
4-stage, sealed bandpass fi lters for
1152 MH.l:, 1255 MHz , 1288 MHz or 1297 MH.l:
centre frequ encies.

Ideal lor instailahofl between first and second pre
amplifier or mhont 01tI1e mixer f()( suppressiono!
image noose. IHKl interference from UHF-TV
transmitters and out-of-band Radar Stations. Arao
V9ry eovea me at the output of a frequency multi
plier chain. or behind a transmit mixer.

Price: OM 178.-

Please bs t reqv.red
cer-tre Irl:lqul:!ncy on
ordering

,"
: I ~

1.. -- !

-I !
J~ ~. ",'-,-,c",cc,--',CC.

" .." .." ..." .." . 1<' MHl
\. 5 dB
40 dB

.... 60 dO
.. .... 20 dB

140 x 70x 2€>

3 oa banclwidth:
Passband Insertion lose:
Attcnuato n at ± 74 MHl :
Attenuation et I 3.1 MHz '
Return loss: ..
[}imern>ions jrom):

k IUJ:@kberichte Te' " D. Bitt" , Jahost< 14 . PosII,," 80 . 0·85 23 Bai. " dorl
Tel. Wes t Germany 9 133·855. For Representatives se e cover page 2
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Drs. Tjapke Knoeff, PAO

FM/AM Converter for Facsimile Reception
and Picture Display with the YU3UMV
Picture-Store

This small circuit converts the frequency
modulated transmitted facsimile (FAX) signal
into an amplitude-modulated 2400 Hz tone.
This enables the well-known weather satellite,
picture-store (WEFAX) module YU3UMV 0011
002, to be used for these transmissions.

1.
CONCEPT

The WEFAX picture-sto re described in (1) is ac
tuated by an amplitude- modulated 2400 Hz tone
from the radio receiver. In order that the picture
store may be used , without modification, for
FM FAX transmi ssions, the follow ing modul e is
employed to convert the receiver FM output into a
suitable AM output. Naturally, there are circuits
concepts which would route the signal around the
AM stage directly to the analog/digital conve rter,
but that would entail alteration to the circuitry of
YU3UMV 001, and the object is, to avoid that. The
concept to be followed also has the advantage
that with separate converters, the recovered AM
sign al can be stored on an ordinary cassette-re 
corder. Th is is not possible with the demodulated
FM signal because the 2400 Hz tone is used for
pictu re store synchronizattion.

2.
CIRCUIT DETAILS

Figure 1 shows the simple circuit of this sma ll mo
dule. The incomming FM signal deviates 1- 400
Hz from a carrier whose mid-frequency is 1900
Hz, i. e. 1500 Hz represents the black and 2300
Hz represents the white on the picture to be dis
prayed.

The Plessey SL 1626 is an integrated compressor
with a large degree of regulation which effectively
suppresses all traces of amplitude-modulation ,
which may be prese nt on the received FM signal.
The four-stage , 10 kn /4,7nF AF low-pass filter
exhibits a 12 dB per octave attenuation above
about 2400 Hz. Its purpose is to limit the effect of
impulse and sideband noise from the circuits
which follow. The output from the third , LM 324
amplifier , IC 3 is fed to the PLL demodulation
LM 565. The VCO frequency is determi ned by R 1
and C t at 1900 Hz according to the formula:

fvco = 1/(2,7 A , C1)

This frequency may be checked at (high Impe
pance) pins 4 and 5 of the LM565.

The demodulated signal encounters a further low
pass filter (R 2, C 2, C 3) , before being amplified
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by a fourth op. amp. l C 4. A CA 3080functions as
a modulator a12400 Hz. this frequency being de
rived from a 2,4576 MHz crystal by a 1024divider.
The 2400 Hz lone is taken to an auxiliary output
for synchronization of METEOR weat her satel-

Fig. 2 ;

PCB lor elreuil
diagram ol l ig. 1

hpp

AM ~t

24C OHl
out

Illes. The trimmer C 4 is adjusted in Older thal lhe
METEOR picture is exactly vertica l on me mon itor
screen. A lape output is provided via a 22 k n tso
lating resistor , enabling the AM signal to be recoe

dod

Fig. 3;
A oomplel ed

ex ampl e ol ltle
converter
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3.
CONSTRUCTION

A single-sided PCB 75 x 75 mm has been de
signed for this circuit and is shown in fi g. 2. A
comp leted example is shown in the photograph of
f ig . 3. A few word s about the compo nents : The
crys tal is provided with a ho lder HC-6/U and the
oscillator and fi lter capacitors are foil-types with a
pin-spacing of 7,5 mm . The thre e trim-pots are
upright type s with a pin-spacing of 5/2,5 mm and
the trimmer capacitor C 4 can have a diameter up
to10 mm.

4.
CONCLUDING COMME NTS

To check and to demons trate the funct ion 01this
conve rter wilh the YU3 UMV pictu re-sto re. the
prolessiona l station Bracknell (3,289 5 MHz),
DPA (139,6 kHz) or DCF 54 are suitable. They
send photo graphs and weather sate llite pictures.

Ben Simon, EMS Israel

The METEOSAT·monitor can eas i ly be made
to display a sector whic h is only 1000 km
square.

The YU3UMV digital picture store, universally
used by radio amateur s, is easi ly mod ified in or
der that a X4 magnified secto r appears on the
screen . It functions witho ut any geometrical
distortion with METEOSAT and METEOR trans 
missions at 240 lines per minute.

- The xO,5 function is sacrificed and this sw itch
contact is instead connected to the sync-Ire
quencyol 38,4 kHz.

- A lurther switch conta ct is required in order to
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but sometimes with a frequency deviation of only
150 Hz .The trimmers R 3 and R 4 then have to be
readjusted.

Should the pictu re appear negative on the moni
tor screen the other sideband of the received
signal should be selected. It is surprising how
even scarcely audible . C RM-plagued signals are
st ill capable of oelivennq a recogn isab le picture ,

5.
REFERE NCES

(1) Vidmar, M.:
A Digilal Stora ge and Scan Converter for
Weather Satellite Images
Part 1 Electron ic Mod ule
VHF COMMUNICAT IONS Vol 14 , EdAi 82
Pages 194-208

A Digilal Storage and Scan Converter for
Wea ther Satellite Images
Part 2 : Storage Module
VHF COMMUNICAT IONS Vo1.15, Ed ,1i83
Pages 12·25

connect 1219 pin 6 (YU3UMV 002) to ground,
This prevents the lines being written on top of
one another.

- Some equip menl had 10 be modified in order to
increase the sync.-frequency 01the Ao-c onver
ter ADC 0804 to enable a clean con version at
the new rate of 208 ns per pixel.

One requires, of course, some opera ting expe
rience in th is mode in order to slide the horizontal
start point onto the requ ired strip of interest. An
adjustable (swit chable) mononop which delays
the line pulse to the des ired point can help in this
respect.
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Maljal Vidmar. YU 3 UMV

Polarization Performance of
Circular ly Polarized Antennas

In !he early days or rado-amateur expenments ,
all long diStance COfTtaels were made in !tie t'llg'l
l reQuerocy range using skywaves. Since the c
nosphere also has a Yety strong influence on me
polarizahon or radiOwaves (Faraday rotation and
olller elloos) and !he ionosp here itsel l ;s con
bnuously changing.l!Jefe is no easily observable
relat ionship between Itle polarization of me
transmtled wave and the poIarizabOn 01the re
ceived wave. Asa COf'IS6QU9f'1C8, IiItIe if any, car e
was taken aboullhe polarizat lOfl01the enteeoas
used. In me VHF and htgher lrequeocy ranges,
most contacts are made In Hne of sq nt, or almost
line 01 sight coooeoos and the relationship be
tween the polarizations of the n ansrmnec and re
ceived waves can easi ly be observed,

Most ama teurs only use tlorzonta l li near p0

larizati on lor long distance SSBICW contacts
and vert ical lin ear polarlzaUon 10f loc al I te
peater FM co ntacts. In the satellite communi·
cati ons fi eld and In some other more speclall
zed sreas , ci rc ula r polarization, either r ight·
hand or lefthand or both are used . Of cou rse ,
there it; no - ideal- po larization but one can al
way . find a poIaflzatlon that I. the most su i 
ta" for a particuillt"~icaUon.

1.
CIRCULAR POLARIZAnON AND
ITS PROBLEMS

The theory states mat, given an art>iIrarypoIariza
l ion one can always lInd a polariZation or1hogooal
10 this polarization. The 'NOfdorthogonal does not
necessarily have a geometrical meaning l as if'
me case of horizontal and vertical hoear pc lenze
boo s), it simply says that two o rthogooally poiart 
zed wave s are completely independent: USing
suitable equipment two indepondent mtcrm ato n
cha nnels can be carried in the same Irequoo cy
baftd without mutual interl erence . On lhe other
hand, this means that it is rot possi ble 10 bUild an
universal anlenna wl1h a SIngle output capable 01
receiving any incoming w2Ne wl1hout any switch
ing, or any Ofher changes in the antenna itself.
The theory also states any arbitrary polarized
wave can always be generated as a com plex
weighted sum of two orthogonally polarized
waves.

Wllh a couple 01orthogonally polariZed anlennas
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M e can ttlefef Ofe receive and Iransmrt wilt1 any
po larization I

In a typical rene link the re are many causes tha i
ailed Ihe polarization ol lhe signal and as a c0n

sequence its pertormance. These can be dvid8d
ifl to two groups : pro pag al l(lf1 paltl eaecs and in 
acoJracies of the two ani eMIS. Wl'llie I/ttle can be
clone10OOU"llerthe propagabon pal h effects. the
construction, aJ&gnmenI and les1iog of suitable
anlenr'laS deserves atleotlOl1. The poIarizallOl1
pertormllllCe 01 an anlema can be de SCf,bed 111

var '(ltJs ways: lor eumple, as lt1e ratio betWeen
the desired wave and the Ur'lWar'lted orthogonally
polarized wave. oMictl is alsocalled cross poIali
zal Ofl rejtrctlon rabOlePRR) and is usualy givf!l'l
ndll

In lIl e VHF sod lower UHF "f!(JJ(lI"ICy rangepopu
tar IlMarty polarized anlert\as such as dcoses.
Y8goS.1og perodcs, and vanous arrays of these
antflfm8S, usua fly have a very good CPRR. Tile
thin wire (rod) struelure 01 11_ anlennas forces
the RF QJrfe nls to flow along the wires (rods),
lherefore il is qu ite easy to conlro! lh e dIrect ion of
the generated E field. Since 8 good CPAR IS ar
ready guaranteed by tile ptlySlCalconstruction of
the antema itself. it is usuafly no! oYefl sceonec
Ifl lhe data sheet of the antenna .

On the other reoo. il ls oonsiderably more difflCUll
10 make a good clrcularty polarized antenna, A
long he lil( (10 lums) may neve lt1a CPRR as poor

_ _ _ _ _ ,V""<''''COMMU NICATlONS 3'85

as 15dB 11 circular polarization is to be obtained
from two orthogonally linearly polarized anlennas
(yagis). JUst a sligh! mismalch In me feedi ng r et
work may cause an even WCN sa CPRR.
In a perfect circu larly po larized wav e. the E held
vector descri bes a perfect ceoe . However . if a
sman amount of the Cll'th09O"'ally poIariled circu
lar component is present the E vector no longer
describes a circle. iI eesoees an ellipse. The
ax oa! ratiO (AR) of thIS e ecse represents anochel"
way 10 descri be the polan.lahon performal'lCe of a
orcularly po larized anteroa The 8l(lal ra tio (AR)
also IS uSlJalIy given In dB. Its ma in advantage
over the CPAA is that II can be easily measured
using a linearty polariZed probe

The relabonship betwe&f'l lhe AR and CPRR be
comes very simp4e If both 01them are expressed
in linear unrts l vol!age Of E-hekt retce. ncM dBI):

CPRA ·l
AR""

CPRA - 1

In the VHF range lhe dlmen6IOfls ol a heli l( emeo
03. In pa rtICUlar lis reileclOf , become ~aetlCally
large . A pr-aetieal solubon to obtain Cll"cularpolari
zatIOn IS to use a pa ir of property led. crossed di
poles Of yagis . Usually it is only necessary to pro
vide an additional 90 " phase shl1t lor one ct ee
two antennas . either using a iJ4 longer (or snor 
terlleedline (fig . 1.) o r physically shilling one an
len na

YU 3UM V
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7 Flg.1 :
F" d ing Iwo Hn..r1y pol. rized
an le"'.... wllh d iff. r.nl lengl h
INdlin.. to obta in ci rCular
pol~zatlon.( BalunaM d othM
matching .... rdw..... 01 the

. Ingle . nlenn.a. . ... omitted
lor . impllclty T)
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01 course . 10obta ,n a good circular polar,zat,on
the two anlennas mus1 be praetlCally oeetcat
TM is especsaIy import.ant on the case of tcseran
ce sensrtJveVagi antennas: nole lhatll'le twoan
teroes mus t be matched both on amplilude alld ifl
phase! UnlOOunatety a carelul mechanical coo 
strudiOll of the antefV\3Sand a correctinSlal atl()ll
(USIl1Q rods 0( tubes made of rosulabog material
lor all the support structures wtuch are nol pel

pendicular to the generated Ehold) are necessary
but no! sultteient to obta,n a good ci rcular poIari
zal ion.

To otllam a 90' phase shift . most amateurs SIm
ply conned the two leedlones (one beflg ;.14
longer than the oth8l) in pm allel and then malCtl
lhe impedance obta,ned to the impedance 01the
uansmittee or receiver With a su,table » 4 rrens
former (f ig. 1). A perl ect csccter pola rization is
obta'ned only II both antennas are perl ectly
matched to their reeeaoee. Just a slight mismatetl
01 one or boIh antenn as will cause a vet)' poor
axial ratio . Since the IWO antenn as must be o!
identical cons truction , one can also expect a
similar renectcn coefhcient or SWR. At tha other
end of the twoteeceree, lhe rell oc\,on ccertereres
are still similar in amonuoe. but due to the diNe
rent lengths 01the leedlines their pha ses diNer cy
almost 180", This causes an unequal power divl
ston, both in amplitUde and in phase . Since the
IWO antennas are not fed w'th equal amphtude
signals and the phase between the s,gnals is not
90>, the resulting wave will certainly not be per
fectly circularly pola rized.

Assuming thaI U,e two anl 8f1r1aS are complelely
identICal and thos have the same SWA and Ihat

the tosses in the leedlines are zero, the expees
SIOI"I to evaluate the aJlial ratio fAR) becomes v«y
s'mple: the AR is d,rectly propor1Ional to the SWR ·

AR ~ VSWR
AA(dBI '" 20 log VSWR

But whal is the praetJealrneanng ol this result? A
VSWA valUe of 2 is usually st,1 accepted at the
band Ilm'ts 01a certan antenna . Two soce anten
nas will howeve.- gIVe a very poor axial rat IOof 6
dB ' This ~Iy elliptical po larization , is actual ly
amost closer to ~ne8l" poIar-iZaliOn than to ewcular
pola rization

If the antenna system has to opo rate in a wider
frequency range and variat,OI1s of the SWR
across the freQUencyband can hardly be aVOided.
then a 90" power divide.- has 10 be usee as the
feed ing nelWOfk with tho fourth (d,fference ) port
terminated WIth a resistor (f ig . 2).The main dead
vantage ol lhi s solutioo is thaI part of tnetrensmn
ter power is dissipated in the termina ting roseicr.
Mosl amateur anlennas only work over very
narrow Irequ ency bands, the.-etore even Ihe
simple leoo,ng network. With dillerent cable
lengths (llg . 1) can be adjusted to give a good
circular po larizat ion. Of course, one should be
able to measure SWR with a reascoeoe ac
curacy . Nola that many low cost relJectom elers
available on me amateur markel, marked 310 150
MHz on the Iront panel. sho w a SWR 01 1,5 or
even 2 when terminated w,th a peeoeion micro-
wav e 50 n resistor at 144 MHz l Therefore, cetore
starli ng any adjustment s check the accu racy 01
your SWR me18l!
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Feeding two linearly po larized

antennas with a matching net 
work made of lum ped com

pon ents to obta in circu lar pc
la , I28l loll .

2.
A PRACTICAL PROPOSAL

On a pract ical note . I would like to demonstrate a
very simple method to obtain a 90" phase shill
aOO a portect imp edance match 01 two orth ogo
nally polarized 50 n antennas to a 50 n source.
II the antenna sys tem is only used for rece ption
and/or for low powe r t ransmission up 10 50-1 00
W, the requ ired phase shift and impedance match
can easily be achieved by two lumped compo
nen ts (fig. 3). A reecraoce al -j 50 n co rresponds
at 145 MHz 10 a cap acuo- of 22pF. A j 5011 induc
tor can easily be found with a GDM. since it must
resonate at the operating freq uellCY with the ca
pacaor. A per1ect impedance match to a SO H
trao srmner is guaranteed since:

Z, II Z2 -
Z.Z~ (SO+ j50) (SO - j50)

Z, .. Z, ISO+ j50) -+ (50 - j50)

2500 - 1-1·2500 5000
"" 50 n

' 00 100

II switch ing between RHC P and l HC P is re
quired the clrcuit has to be mod ified accord ing to
' ig .4. Note mat a single swifching contact is re
quired and that the stray capacitance betwee n the
open contacts should be subtract ed from the cal
cu lated value .
The whole cucurt becomes even more simple II
the two an tennas are led with a "qamma-matcn".
A qamma -rnatch already requires a series capa
cilor to lune the anten na to SOn,It is on ly nece s-

so·n·I, ,,..
. 1 .q,o, IInj '"

(, I .,o.".e I

YU3U MV i " ::':---~-: ~sr=l--------,n ~),.1 1
I I I ~o _n _ I ; " I ~ 1' . ,,-

I G I
I I
I IL ..J

Fig. 4:

roo,~ 1 MocUtled ci rcuit to e""bl.
! : 1·5"l switch ing between RHCP and

"""P.
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YU3UMV

sary to mcxlity the values ct eese capacitors and
than Simply connect ue two antennas in parallel
to gel a 90"'ph ase sMteed 50 II ceo erato- match
ing at the same lime (fig . 5 ).

The procedure to align the twovariable capacitors
is as jouows:
1.) ccorecr only ooe antenna 10 lhe neremrner

and by adjusting both the variable caoecncr.
and mecenensioosot me "gamma-match " , an
SWR of 1 should be obta ined .

2.) Connect only the othe r antenn a and rep eatthe
same procedure as in step 1,) to obtain an
SWR of 1. If about the same dim ensions and
capaci tance ctme "gamma-match" are obtai
ned , it is a veri fication th at the two arseroes
ale sufficie nfly sim ilar.

3.) Now boltlantennas are matched to 50 U eaetl ,
any further adjustments wi tl on ly affect the
capacitors.

fig.S:
feeding two _/llennaa with •
gall1l'l\lHYllll:eh~•

4 ) Conne<.:I the anteroa that stloukl receve a
-45" phase sM t (Lag} aod de(u ne the ceoectoe.
increas ing its value to ob laln a SWR 2.62
whch now co-esccoce 10 an impedaflCe of
(50 ... j50l n. tI a SWA of 2.62 cannot be oI:J.
tai ned even with very high capacity values, the
capacitor has to be repl aced with an inductor.
An allemal ive bu1moreelegamsoluliorl. islo
bu ildlhe "qamma-match " using a thinner wire
and repe at steps 1.), 2.), 3.) and 4.).

5.) Connectthe other an tenna tha t shou ld receive
a + 45" phase shift (lead) and oetone the
capacitor, decreasing its value to obtain a
SWR 2.62 which now corresponds to an impe
dance of (50 -j50) 0 ,

6.) Con nect both antennas in pa rallel and ver ity
tha t the SW R is close to t .

7.) c necc wether you nave obtained lt1e desired
polarization , either RI-lCP or LHCP, since it is
very eas y to make mistakes with the phases of
!he indi vidual ant9fV'laS.
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Erich Stadler, DG 7 GK

The Directional Coupler
Function and Use

By means of the directional coupler, the re
flection from amplifier inputs, impedances,
and in particular, from transmitter antennas
can be determined. If the coupling coefficient
is known, this measurement device is suitable
for the measurement of transmitted power
and the reflected power from the antenna.

1.
TEST SET-UP

The arrangement in Fig. 1 con sists of two direc
tional couplers con nected in series. and a signal

I ,1-
~_1""-----,_J Vbac k

coupler 2
test-item

antenna

-, ~ coupling zone --1 Vfwd
r -:---- - - -- - - -.., - -

coupler 1

uux.uem hcusinq
/ (mussl------- -,
,1,_ _ _ _ ____I

4

muin e -m

from 'C,h~-"'-----+'-----i--------~~=,~sender --=-
V fwd

DG7GK

z z

Fig. 1: Refledlon coefficient measurement set-up
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generator. The signal is fed to the Input of one of
the co uplers. The item-under-test (1Ul) is con
nectec 10 the output of the second co upler. Eac h
coupler has a th ird connection , the so-called
c oupled o utput, wh ich is used for tho measure
ment. The fourth connection is terminated in Z.

1.1. Coupler Construct ion and Function

A oeectooat coupler has a so-called mai n arm
and an auxiliary arm. Bot h are mutull lly coupled
such thaI a fract ion of the power in the main ann
is co upled into the auxiliary arm. The pecu liarity
01 tre direct ional coupler is that the co upled
power is not available at either ana and/or other
cure auxiliary armcoonections but only at one,
lhe olher ocunn being ·co mpletely" decoupled .
The question 01wh ich is the coupled and wh ich is
the oeccoraeooutput depends entirely upon the
cnrecuonof power now in the main arm! The rea
son tor t r eexlstorce of a oeccu pled output lies in
U1C mix ed coupling, namely capac it ive anrt
induct ive cuupl in~ betw een main firm and auxi
liaryarm.

1.2. Ba sic Diagr<lm

The main arm Wig. 2) lies between coooecuons 1
and 2 and the auxili<Jry arm betw een 3 and 4. The
larqer the separat ion between main and aux iliary
arm, the smaller the coupling coefficient is, to.
the grcater the coupling loss (20 log Ilk, dB). The

(oup l ing . .
main l- --..l Indod w upling

1 0m , ,I '"l o"n.e --,I I ,
~_ 1-"- -"- -"-) -
~

T T T 1.
" p
(oupl ing ~V· ·· -:=.---rb_. Vi ,. \I J 64
cveeem ~2Vi 1,i"!yI'

l ouplt'd~~7Ae(OuP I ~d
outp ut .~ ,(, ' out putv. 1.. VC

Fig. 2: Ttle cou pler's basic diagr.wn

source voltage Vtwd at (1) produ ces a po wer flow
to out pu t (2) which is term inated in either the
anten na or a second coupler. V fwd pr odu ces by
means of capacit ive co upling a voltag e which is
unifo rmly distributed along the aux iliary arm wit h
respect to (w.r.t .) to gro und, and in particular at
points 3 and 4 nas the same direc t ion w.r.t .
ground . The signa l due to ioclueti ve coupling is,
ho weve r. differenl. The main and auxiliary arms
may be co nsidered as being l he pr imary and
secondary of a transformer in which the voltage
across the pnmary is induced into the secondary
Vi' The terminations at outputs 3 ij nd 4 form
together with the auxiliary arm itself a bridge cir
cuit across which the secondary voltage V, ct
vocs equall y between outputs 3 and 4 with the
d irecl ions shown in Fig. 2. II may be seen thaI a t
4 the voltages Vc aoo V, arc ant i-phase, and at
port 3 are in phase. By sudable physical d imen 
sion ing . V, and Vc can be made equa l and mere
fore add at port 3. the output port . and cancel
each other at the decoupled, terminated port a .

Exa m ple

A transm itt er de livers 10 W in 50 H. l ts ou tpu t is
cooocctec to a directional co up ler with a coup 
ling loss 0120 dB. What is the voltage in the main
arm? Wha t is the vo ltage in the co upled ou tput?

Solution

Vo ltage in rnaln arm V1 == y'10Wx50'i - 22.4 V
Co up l ing coefficient: 20 dB means a voltage ratio
10 : 1. Thoco upl ing coefficient is Ihen 1/10 - 0 .1_
Al the c oupled Output the vo llage V3 - 22.4 V x
0.1 - 2.24 V (across a coupled cutout port impe
dance 01SOII).

1.3. Frequen cy Dependence of Coup ling
Co efficien t

The coupl ing coefficient k, and with it tne co up
ling loss. is no t constant but dependen t upon Ire·
q uency . as Fig. 3 shows. The maxjrmsm coupling
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Fig . 3: Frequency~ ol coupling

coeH iclent k - VIV .

coefficient kn"" is ob ta ined whe n the "coupling
zone" is suitably d imensioned. The coupling
lone is the leflQlh 01the cocpks-concuctors ovee
wh ic h coupl ing lakes place. M.lximu m coupling

k.na. occurs when the coupling zone is a quarte
wavelength. At low freqeences this means very

large coupler leoglhs partiCUlarly when the
co upled conductors are spaced in air and no
reo oc to n due to velocity factor is possible.

IQ I0\
V,

f. f

k mox,z

0.67

oJ071f'3dBI
06

0,44

O.10(f'20 (fl}
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mid-band freq uency of 435 MHz at a cou pling loss

0120 dB .
a) To whi ch kma" doe s this correspond?
h) The coupler is also used at 145 MHz , What is

the coupling loss at this freq uency?

Solut ion
O)k""", = t /1()2fi20 = 0.1

b) At small cou pling coethcents k'f\B, thc curves in
Fig . 3 approximate a s mewa ve

k = km... x sin{9O" flfol.

wtlere fo is Ina mid -band frequency of Ihe quarter
wave coupler, Th is results in <'In actua l coupling
coeff icient at 145 MH7 of:
k = 0.1 x sin (90" x 145 MHzi435 MH1) = 0,05.

This correscono s to a coupl ing loss of 26 dB, l.s . 6
dB more than at to!

NOTE: The exact formula lor the couplillQ coe lfi 
ClootVjVl is:

k..... x sin (90")( f1l6 )

y1 - k .....2 )( cos ' (90")( ft!o)

Example

l engt h of a l./4 coupler at 145 MH z:
a) Insulation ai, .
b) Polyelhylcnc ?

Solution

). "" 2 m
a) Coupl er leng th 2 m x 1/4 .. so em
b) Veloc ity tactor tor PE is O,66 lhe rofore cOlJpling

length is only 50 em x 0,66 = 33 em.

Fig . 3 shows thai a coupler is not broadband mas

much that it may be dimens ioned for cn e trequen
cy and used at another frequency w ith the same
facili ty. It has at olh er frequencies, amo ng other
coosoeretcoe. a different coupling loss

Exam ple

A quarter-wave coupler has been designed lor a

' 80

and results in the curves given in Fig , 3. ln croerto
ca lculate the mid-band frequency to from the gi
ven coupling zone len gth I..and the ve loc ity factor
V•• the loIlowing tormula is used:

whe re c is Ihe velocity of light 300 )( 1Ql'i mls

2.
APPLICATION

2.1. Measurement of the Relt ec1ion Coefli
cianI (Ftg . 1)

Two ident ica l couplers are used WIth the same
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co upli ng co-fl icienl k . A voltage k x V_ proper
tlonal lo the forward wave, is measured at an c ut
put 01coupler 1. At the OIJtpul01coupl er 2. a vena
ge k, x Vt 100, proport ional to ttlc -cneeco voltage
V_ is measured From -ne ratio II x V~ik x
V_ the cce-tcent k is cancelled out leaving the
- Relledl()fl ceesceer-r.

r:- Vbio:;rJV_

In many tes t set-ups the outpuls kom the COl.Jpled
ports li re Iaken via dIOde recnners to corentcrre
1er5 the WIperS or wh ich are coo nected 10 mele rs
The Wipers are gar'lged mochal'llCally suc h thal lI
the torward meier lor k x V_ ISadJUsted to lui
seale clef«!oon (FSOI tt-e meter k JIV~ will indO
cere. as a proporbOOal dellection. the reflec:tion
coctllOCf'1t d'redly (8SSl6l'Wl9 that both dIOdesare
~ncar) _

With well milt chod loads the reneciec wave am
plitude ISmilch smaaer than the lorward wave. In
order to ob tain a suecent sample voltage to mea
sure the rel um wa ve. a d1rect l()flal coupler wllh a
lo we r coupling loss is traQlHlnl1y mnployocl a1
tlansrruncr Sties.

NOTE : In prInCIple rt is possblo 10 use only one
cou pler. whereby po rt 4 servos 10 measure the re
turn wave mld por13 ltl e lorward wave . Tho gmil l
danger With this practice is thaI lhe outpul ports
are not opllmally rnatcned coo 10 l l'lft reeMiar cir
cuit. This leads to large crrors in the measure
ment 011M retum wave (see also - Dlrectlvity" )_

2.2. Transmitt ed Power Measurement

Even when th e antenna leader is lcssless. the
power rad ial ad is not neces sarily that of the
transmitt er OU1pul po wer . The difference bet
ween both powers is all the more when the
antenna system is bacRy matched to the trans -

mitter, i.e. the gr eater tne retectoo coefficient is.
Prerequisite 'or a measurement according to Fig.
1 is a coincidenc e 01 the characterist ic impe
dance 01the directional coupler, the terminat ing

res istances of the cou pler outputs, and the io1fl!'
naI impedance of the t ransmi tt er. The r.m.s. vol
tage output 01the couPed port is dMOOd by the
coupling coetsceot k; in or der to obtain the for
ward vol tage V!w(J across the main arm. The
absolute value of k must be known~ch was not
the case for the rellection coenceot measure
men t . The forward power IS then P_ - r-JJI
Z. 'Ihrs is the maximum available power from the
transmitter. According to the m.nch at me
antenna. a voltage is recessed at ttlc~IOQ

output of the second coupler which is proport~
nal to the return wave. " this is also divided by the
COllpI.ng cceeeeot k. the ampl itude 01 ttM! rensn
wave VbP- in the main arm is obtain6d. The
return power is cacutated kom r-J-a1/Z.

The tf!fTTt ~ra;.j'1Z is practically a reactive
power that ISref lected as it result of a IXJOfmis
match at the antenna. Sioce r-JJlZ is thCmaxi
mal available power nom the generator , one can

transpose the formula thus:

P ..,P"",, (1 - r2).

Example :

The coupler for the measureme nt 01n o lorwarrt
wave has a coupling loss of 30 dB (\1 1 - 0_032)
and tha t lor the mea surement 01the return wave
hasa coopling loss 0120 d B (k;.- 0.1). At the cou
pled port outpu t an RMS voltage 01960 mV is
measured and at the oulpul 01the second cou p
lor a reflected sample vott age of 1 Y AMS is mea
sured. The measurement system wor1l.s wi th an
impedance of Z - 50 II . Feeder o sses 11m not
taken Into account. How much power is radia
ted?

Solution:

FltSt coupler: Forward wa ve in main arm Vtwd 

960 mVlO.032 '" 30 V.
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dum mi

load

toupler Zr-c-c.c,

di ode
measuring

head

reflect.
voltage

forward
voltage

Second coupler: Return W<lve in main arm VlJack~
1 V/O.1 ~ 10V.
Forwar d power: (30V)2/50 n ~ 18 W
Reflected power: (10 V)2/ 50 n ~ 2 W
Radiated power from antenna is
P ~ 1 8 W - 2 W - 1 6W

NOTE: Due to the different cou pling losses, a
higher vo ltage appears at the second coup led
port in the example than from the first coupler's
coup led port. This does not indicate that the
return wave is greater than the forwa rd as it might
be easily recognized from comparison of the vol
tages in the main arm. 10 V l0 30 V means reflec
t ion coeff icient of the antenna of 0.33 (33 %).
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Fig. 4 :

Reflect ion coeffic ient and

power measurement set-up
with direc tional co uplers

diode
measuring
head

coupler 1

Despite this, the reflected power is not so signifi
cant since it is propo rtional to the square of the
reflect ion coeffici ent. Fig. 4 presents a reflection
coefficient and power measuremen ts tes t set-up
as used at the Electron ic School in Tettnang. The
nomina l frequency range of the 20 dB coupler is
2 to 4 GHz. In Fig. 4 they are used for a power .
measurement at 435 MHz.

3.
DIRECTIVITY

Due to physical loierances and non- ideal mat
ch ing at the coup led ports, it is impossible that
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Fig . 5:
F_ard _ coup'" with

• • .-.guides

• 1

_ I" 1=,". 4)coupling
QUX.ar_rn l-ii_·=_=_=_""_-_-_-_-_-_-_-_-'--::..I_ ....: output

tho decoupled port supplies absolu tely no cot
put. In fact , there appears a voltage but a very
much smaller voltage than at the coupled port.
The rat io of the tw o auxiliary arm voltages
expressed in dB giv es the ~d i rectivity" which IS at

least 40 dB lor qood couplers.

When measuring the forw ard wave, the cons oe
ranoeof direct ivity is of practcany no interest as
the deCOtJpled port is not used since the reflected
wave IS measured in a separate second coupler.
The Situation is different with the second coupler

wr.cn is used to measure a very much smaller
reflect ed wa ve. Asthe wave flow in the mainarm
is io The opposite drrection, The me3SU"ement

port for the reflected wave is smAtaneously lt1e
"deCOu piecl" port for ire lorward wave. Should
the decoupling be insutlicient rela t....e to the lor 

ward wave, te. the directivity is too small, an
interfcl"lng signal is present at this port wh iCh is
super imposed on the wanted return wav e Iea
dlOQto very large errors in the measuremoot. A
numerical e....ample will make this clear.

Eu m ple

In a test set-up. a coupler wit t'! a 20 dB coupling
loss II<. - 0.1) and a 29.5 dB olfec1IVr1y was ern
ploytto. The ma n ann iofward wave may be 30 V

and the reflec ted wave 10 V which indicates a re 

flection coemctent of 0.3. Wha t is the euectof the
'orwe rc wave open tho reflected wave at ' he me a
surement port (measureme nt error ' )?

So lution

The measurement port SIg nal due 10 the return
wave is 10 V x 0.1 - 1 V. For the forward wave.
the other aux,lia ry arm ou tput of ttl ,s coop!ef is the
coupling OUlj:)uI. whiCh IS 'ed wittl avotl age of 30 ~

0.1 = 3 V. Th,s IfOltage does nol inlerfele since
the po rt is not used. Due to Ihe given directIvity of
29.5 dB, 1/3Olh of lhe ca lculated 3 V. i e 0.1 V, is
present at me measurement port together wrlh

the wa nted s~nal of 1 V. The phase of these 'tWO

voltages dete rmInes how muetl lhe wan ted signal
is influenced. In the extreme case. with either m
phase or anti' phase concmore. the measure
ment error amounts 10 j: 0.1 V/1 V x 100 % ..
± 10 % in this exernple. srono the ref lect ion co 
efficient requ ire to be determined within a measu
rement error of ± 1 % , a coocle r with a di rectiVity

o! 49.5 ca would have to be used instead of 29.5
dB !

Th e ai rectivity ttlen IS an Important specifteation of
a direcho nal cou pler and has a great eroect upon
lt1emeaStJrement of lhe refOOed wave
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••FORWARD AN D B ACKWARD
WAVE COUPLERS

Couplers whose output port lie'on the same side
as the signal input port in the mam arm, are known
as backward wave couplers, The foregoing text
and diagrams refer to the backward wave coup
ler.

Another form of coupling is the "Forward wave
cou pler". This is to be Immelmainly in waveg uide
techniques. Its function is easier (0 understa nd
than that of the backward wave coupler. Fig. 5
shows 1I1epr inciple. The co upling betw een neiq h
bOUrlng waveguides is accompnsned by small
sets spaced by a quarler wavelength From each
sial ($ 1. S 2) in the aux'liflry arm radiat e e'ecuicar
waves in bot h directions. In the "backward cnec-

l ion" . however, these waves cancel each other
because those com ing from the second sia l have
a phase diff erence to those coming from the i irst
slot of tw ice a quarter wavelength. The forward
wave coup ler has therefore port 3 as the decou
p led po rt whilst the wave components at port a are
In phase and are additive . Port 4 is men Ihe cou

pled outPut. Since rms l.es in the directiol" of Ihe
forward wave In the rna n arm . t'1C co uple r is
kl"own as tt-c -torw ard wave coup ler ".
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Bernd von Bojan, OJ 7 YE

Determination of Antenna Gain
What's actually behind it all ?

Time and again lately, there have been pub lica
tions about amateur antenna measurements
which give the impression that a high degree 01
precision has been achieved . In particular, the
gain of short-wave antennas and their VHF and
UHF models which have been cameo oct toa few
tenths and in some Instances to a tew hundredth
01a dB, have been unde rtaken. At the same lime
Ihe gain was determined to within two decimal
places in ceoeno eccoro wilh the socalled "Kraus
Formula", which in itself is a rule-ot-thumb equa 
tion. This situation leads one to the concl usion
that the use of the Kraus to-mula is shrouded in
some uncertainty .

It Is thi s problem of the gain of an antenna and
Its measur em ent, wh ich this article wi ll ad
dress, At Ihe same lime, the question of
whethe r highly exact antenna measurement s
are possib le, and even meaningfu l, w ill be
examined .

Taking short-waves, if is well known , that accord
ing to the propagation condit ions and Ihe radia
tion characteristicS 01the antenna. the received
signat varies Quite often by more than 30 dB. II
highly accurate antenna measurements were
technically possible. on account of this, the ques
tion must be asked whether such exact measu-

rements are required al all. Nevertheless , if two
short-wave anten nas are required to be compa
red with one-another, It cannot be accomplished
by an assessment of the tree-space character
istics alone. This is because It is not possi ble 10 be
certain of which compooeols 0 1the antenna cha
racteristic SUIt a part icular distance and elevation
above the earth surtace.

Snort-wave antennas radiate the energy sup
plied, minus losses, in the space surround ing the
antenna. It therefore follows, that by means of io 
nospheric propagation, tho total radiated energy
reaches the ionosphere in the ideal case and is
reflected from there to a distant point on the
earth's surface.

The ionosphere and the earth's surface are deci
sfve factors in the question of how effect ive the
antenna behaves as a radiator,

A soon-wave antenna is then a good radiator , il it
has fhe height above ground which is suitable lor
the ionosphere at an optimum time lor lhe partcu
lar path length under ccoeoereton. II is a ooraoe
ract thal lheorel ically, two antennas with di" ering
jree-space gains will produce the same field
strength at a d,slan l receiver. The antenna with
lhe hig~.esl free -space gain is nol necessarily the
mosl successtul.

This is also nar ny true for VHF and UHF according
to what purpose the antenna is being used . (Me-
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teor-Scatter: high dispe rsion, EME: too many
side-lobes could cause problems).

An isotropic radiator (0 dB;gain) placed in tree
space between the ionosphere and the earth's
surface is transformed according to surroun
dings, into an antenna possessing high gain if the
"reflectors" , earth and ionosphere, mutua lly aid
each other. For this reason the question of the
gain of a short-wave antenna has more of an aca
demic rather than a practical value The determi
ned values become sterile numbers which can
only be regarded with a great deal 01scepticism,
especially when the person undertaking the mea
surements does not possess a lu ll understanding
of antenna physics .

Until now, no perfect ly exact calculations , let
alone perfectly exact measurements of gain of
practical antennas, have been carried out. Such a
project would represent a very large outlay in
terms 01measurement and mathematical capabi
lities. For this reason, one must rely on approxi
mations, which 01course, cannot be regarded as
being exact. If methods of calculation leading to
uncertainties 01several tenths or hundredths of a
decibel, how can exact measurements turn out so
correct?

The employment of exact mathematical calculat
ing techniques would certainly ensure more pre
cise results than would be obtained by practical
measurement. On the other hand, the realisation
of a mathematical antenna model is not possible
owing to the many unknown facto rs such as earth
inductivity and dielectric constant together with
the local topography. It remains in the realm 01
measurements to obtain a picture of the actual
conditions but these would not be carried out with
accuracies ot a few tenths of a decibel but more
like accuracies of ± 2 to ± 5 dB

The following CCIR-measurem ent uncertainties
are permitted : -

10 kHz ..... 300 MHz: ± 2 dB
300MHz . . 3 GHz: ± 3 dB

3 GHz. 30 GHz: ± 5 dB

186

VHF COMMUNICATIONS 3/85

These recommencanons of the international ra
dio advisory com mittee speak for themselves.
They were aware 01the difficult ies which the hig
her deman ds upon accuracy would have brought
with them .

II after an approximation, the antenna gain from
the main lobe of the radiation character istic (hall
power points of the E and H planes) should be oe
termined. one conciou siy took inaccu racies into
account: it would be totally out of place, if the re
sults were expressed as accurate to two decima l
places. In principle, there is a relat ionship be
tween the antenna gain and its beam width, which
is exclusive ly limited 10 antennas having a rota 
uonsymmemcar main lobe or antennas where the
deviation from the rotationsymmetry is in accor
dance with theoretical principles Even then, it is
risky to deter mine the gain solely from the main
lobe characteristic. It is particularly delicate,when
one maintains. that the gain 01short-wave anten
nas can only be dete rmined from the horizontal
beamwidth. This is especially true in some cases
where an unsymmetrical horizonta l characteristic
and c nnerences in the vertical directional diagram
are apparent

It is a particularly bad mistake to ignore the vert i
cal direct ional characteris tic. since il is weli
known, that this is 01 quite specia l importance in
Ihe short-wave region in connection with the iono
sphere and its reciprocal action with the earth 's
surface. All gain measurements which do not take
the total radiation characteristic into account are
therefore anything but precise. On this basis of a
single f ield strength measurement. it is impos
sible to reach a conclusion about the gain of an
antenna . To,determine the exact gain the co m
plete space diagram of an ante nna must be ta
ken into account.

This means: field strength measurements must
be taken in all space ortentauons about the anten
na in order to arrive at an exact and reliable re
sult. It is possible to understand these basic
points easily if one imagines that the iight- intensi
ty outside the beam of a spot-lamp falis very
sharply and a few degrees further from the maxi
mum it fa lls to zero. Naturally, the main beam 01a
radio wave is not visible and can easily be missed



an approx imation and it seems to be urgently ne
cessary to explain in de1ail ttIe deri vatiOn of tile
directivity formula .

The dIrectivity 0 is defined as : the relatiOnSt1ip of
the l ield strer>gtn 0 __ d \t1e main lobe direcbon

of the antenna at the distant point, to Its median
field strength 00 wt llch would be produced i1 the
total radiated power Ps was not directed, but uni ·
formaly distributed at \t1e surface of a sphere
4:r r'. SIf1C& the uni ty sphere has aradiUs olr _ 1
the spherical 8I'1gle becomes 4 >1" , tn The first in
stance, the directIVIty am oonts to

The median rad 18tlOn intemrty 00 IS~ witI1
the radiabon power Pe througt1 the re!at,ll)nst1lp :

in a l ,eld ,ntenSity me asur emen t ol ltl a HF ante n
na , ltI us givlng a resu lt , whlch In a true sense 01
ltIe word, is beside the point. An amateur wishing
to make accu rate I,eld measurements must be
prepared to spend at least OM 20000, - - . The
accu racy 01 such measurements wi ll be in the

regiOn of =0,6 dB ,

The Iollowlng coo8lderatoons, lirTllted to gain esti
mates. show that the devialoo 01 the ga in from
the antenna main lobe even kxlIo:lng at both pla
nes of rad,atoo, cannol be much more than a rule
01thum b.

Under the condltlOO that the defu'llbOn 01enteona
gajn is borne 111 mtnd , the noIlO1"t d directivity wil l
be used fora rough es tlffiate 01anlefYl3 gain from....~
The directIVIty IS dchne<l as the relatll)nShip be
tween the maunum radlabOrt inlensrty 10 that d
the medoan intensrty . For 8n antrnna with an effi

ciency d 100 '" and no ccccee-. dlt'Iectnc- Of

matctwlg losses. the drrectMty and gam are
equal. The eQl,i8too for the es l,ma llOfI oI lt1e dt
rectrvily is :

(2)

(3)

and transposing:

O -O-A

Ps - 4.r00

(1)
(4)

where the number 41253 repr esents (tle sc rtace
01a un,ty sphere in SQuare uni ts . a and ~ are defi
ned ang les of the plane perpendicu lar to the vert i
ca l radiauon plane

and substitu ting

(5) 0 -0.... 4 " r"lfP.

P"I0".., id de fined as B. The B represents the
equivalent aperture 01 an idealised directiVIty
characte rist ic , wtl ich has in the radial ion range,
the constant inlensity 0 ..... and in the rem ainif1Q
range 01 ang les the rad,a lion intenSity 010 - 0 ,
From tile previou s form ula followS:

This fOnTHJla rep resents a very SImple approxi·
mat ion indeed for the calculation 01 Ihe directivity
01a single lobe po lar plot . Th is formula was oever
oped - and Ihis is reltaratacl- for the rough es ti
mation 01 the directiVity from a knowledge of me
hall-power po ints oI ll1e radlanonlobes 01two 90 '
planes in Quadrature . The hall-power poinlsarein
acco rdance with the horizontal and verneerbeam
Widths and describe the widths 01 the radi alion
lobes, at which the held strength right and left from
the maxmum lall by 3 dB. (6) B. 4 ;n2~Q

0..... (rad 2 1

The ccmstanl 4 1253 is the subject of much me
undOfSlanding in amateur literature and it should
be made clea r tha I this calc ulalion method is only i. e. a resort in radians SQuared. The radian (rad.)
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is the plane ang le for wh ich the relationsh ip of
length 01the arc to its radius equals one. One ra
dian equa ls an angle of 57,2 95' as will now be
described. The circumference of the unity
sphere is :

C = 1T d = 2 1Tr, erce zs r = 360",
r = 360°12...= 180'1n = 57,295°.

So for the surface area of the sphere So in square
units

(7)
S" = 4 /f r = 4 1T (57,295)2 = 41253 (deg rees')

_ _ _ _ _ ~'''''HFCOMMUNICATIONS 3,'85

and since 0." .,/0 0 = D

B = 41253/ D and D = 41253/B

AS B only approximates the product of ang les
(hall powe r width) in the E plane (hor izontal) "
and the H plane (vert ical) f3 or in the perpendicular
to the vert ica l plane :

D~" 41253/(" m

referen ce to the isotopic radiator .

To be able to give the rough ly estimated power
ga in in dB, the follow ing formula is employed

The number 412 53 is nothing more than the sur
face area of a unity sphere expressed in degrees
squared .
In square units

(9) G{dB) = 10 10g, oD

(8) B~
412530 0
- - -

0 ",,, [ rfeqrees'" ]

Thi s formu la gives the gain relat ive to an isotropic
rad iator. To obtain the gain in dB with reference
to a half-wave dipole 2,15 dB must be subt racte d.

1

r

r

Fig . 1: 3 0 radiation plot of dir ecti ve ante nnas are Sim ilar to the for m of squashed or elongated
rotation ell ipsoids
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80

.0

o

~~::j'O= '0

Fig . 2:

Onetiv. ....'ennll pol ...

plot ahowlng h a l1-powe.

polnl'. For this semk: ir
cul.r plot It amount, to,,.

The main lobe Characteristics can be calculated
exacuvand it is usoful to compare this with tho re
sult arrived at by us ing the approximation s tor
mula.

where 0 is the radi ation inlensity . 0-. is the
ma~imum radiations inlenslty, n is a real rlUrrber
and ...is the radiation angle. For the ma in beam di
rectlOfl " • O. The aim is toceeotae the VOlume
of a radlabng body pos sessing bent co-oooeree
and is oblalned by tnple int regra ls, whose inleg ra
to n area by constant co-ordinate area is sepa ra
led into volume elements. The calculatiOfl 01 the
radiation of a single beamed cost-lobe can be re
coceo owing to its simplicity, to a dou ble integ ral
o f the form:

The calculatoonor me volume of complICa ted eo
dies. such as the lobe of an anlenna. is done With
the aid 01mulbp le iol€9ralion. The form of a lobe is
vet)' SIrTlilar 10 those of a squashed orelongated
rotationalelllpSOid . (F ig. 1).

In the first awoltimabon, the antenna lobe is re
garded as beong rotabonaJly symmetneal in polar
co-ceenetes about the pole a~1S rotahng area of
IheJorm:

(10 ) 0 = 0 ..... C05~ n

(11) p, " ff s,df

field and dl is a limiting value 01an inl ina lely small
spherica l area element.

In the follow ing text, only side-lobe free polar-eta
gra m examp les are consocrec. the calcu lated
values bei ng the theoret ica l maximum va lues.
The antenn a gain (dB ) may be obta ined from the
directi vity D by means at (9) .

Using th ree ex afl'lPcs. it wi ll be proved ma thema
IlCahy where the blind use of the directivTty lormu
teeecs.

Example 1

An ernenea has an ... - fJ 120'" l. e.:3 dB beam
width in the E plane (horJZOf1talj as well as in the H
plane (ver1icaI). The e~aet caJculabon according
to lig. 2

h "

(12 ) p. = f f 0 ...... COSt. SIn., (I. , d,t:!
o 0

(13) P, - If 0 ..,

If the power in tig. 1 is co ns ide red as being radia
ted from an isotropic sou rce , then both may be
compared:

(14) 'lt O..... . 4 ff O...

where p.1s lhe laOiated powe r, s.. is the real pan
of the Poynting vector(s.. = h· EH) of !tJisdlSlafll and for the isotropic rad lalor

l B9



(15)

as lhe rad iated power tor tI1e isot ropi c is

p... f 0 "dO =0o f dH =4 rrOo
~.

from which the dir ect ivity may be obt ained

(16) 0 ,,,.,100 . 4 rrlrr " 4 = D

VHF CQMMUMCATIONS 3185

A result which is about 20 % lower than the COf

rec t resul l.

Example 3

This t ime '\ = I~ = 75' (approx. a 3 elemen t yagi),

(17) G = 10Iog 0 = 6 dB,
~" m'2

(26) p. = O"""! f cos
3

" sin" d c< d (3, ,
II the direct ivity is now ca lculated by use of the
appro. imal ons formula.

(18) 0 ,. 41253 gra<f/(12O". 120' ) '" 2.86

(27 )

11 p•. aqa'n . is re ferred to an iso topic radiator :

(19) G = 10 logO'" 4.56 ee. (28) r. O....."'..2= 4 r:O~

Using the appro ximations formula

The error ts consoeatae.

Using the approxlmauon method leads to an error
of som a 40 % low .

(29) O,,"~.I0o '" 4 ;; zt» B = 0

Example 2

An antenna has radiation angles " = ff
(abou l that of a 3 eleme nt quad).
The exact calculatioo is as follo ws: -

b <,'2

(20) p. " 0..... f f COS' " sina do dtl

referred to an iso tropic radiator

(30) 0 ,. 41253 gri:ld"/(75°' 75°) = 7,33

Ttus time the approximations formu la is abou t
9 % lower than the prec ise res ult.

From mese examples i1 may be con cluded that
the aopronmanoos mertoo used for the range 01
angles associated wit h sim ple amateur antennas,
is hard ly usable since it does notsupp ly exact re
sults . Even unde r me condition that tI1e beam
width is e. aclty know n (which is un likely) the
di rectivity formula can ooly supply a "rule 01
th umb" result.

(22)

(23) 0 ......1"" = 4 n 3/(2 rr) = 6 = 0

The ma in lobe is only one at the ga in determin ing
tacicrs 01the antenna, Another important factor is
the size of the nearest side-lobe maxima. which
has bean mo re or less Ignored by the app roxima
tions form ula.

(24) G _ 101090 '" 7,78 dB

Using the appro.imation :

(25) 0 ", 41253 gracff(9O'" 90") '" 5.09

.9Q

The relat ionship of side-lobe to ma in- lobe oe
penes upon me for m 01 the rad iator and its me
Ihod of excteton. It is a fallacy, that ant ennas
possessing many side-lobes are mosl ly depen
denl upon the main lobe for the tot al d irectivity. It
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Henry Jasik gives a formula in Anfen na Enginee
ring Handbook which will estimat e an antenn a

gain :

There sHU rema ins the possibility of dete rmin ing
the antenna gain by graphiCal integration, This
has a pre-condition that the measurement tech
niques are up to the task of produc ing an acc urate
polar diagra m.

is a fact that a cerecc ac ante nna possessing
many side-lobes may have a directi vity which has
been enhanced by up to 50 % by them. The con
sequence is, that antennas which have exact ly
the same beam-wldm in the main lobe could have
very different gai ns. Although it is qu ite poss ible
that in some cases - perfectly fortuitous - the
approximations may approach the exact gain of
the antenna, this cannot be physical ly proved.

whel e II and {3 ere the half-power angles in the E
and H plane, Jas ik also says : "tt is somenmes 01
interes t to dete rmine a rooghly estima tes value of
the gain il the only know n data are the princip le
planes of the polar plot." Abou t the formula itself,
he says: "The gain found by this method is usually
correct to with in 25 %. particularly fo r high-gain·
antennas". Jasik contmues: "The ga in can etten
be de termined from the directivity by estimating
the losses In the antenna system, but it is usually
mea sured experimentally by direct comparison

methods. The only add itional advice, which the
author can sup ply is, that the measurement of
tot al gain is probably the most difficult measure
ment of antenna technology , It should only be un 
dert aken with great care" .

Finally , Prctresso r G Bouche DL6AB wrote in
ORV eng his con tribution to the theme : "Origin.
meaning and condifions ot this relations hip (note :
he means fhe app roximations formula) are un 
known prob ab ly, by many authonl 01amateur pu
prcauons.otherwise this terrib le confusion wou ld
rot have ansen.
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Also In the case of short-wave antennas there is
no relationship between the roouelion ot gain and
the side-lobe enenuauon which is 96f1erally ac
cepted. This is also true of Vagi antennas, as the
parameter upon whiChthe side-lobe s max ima de
pend, such as current distribution, phase rela
tions stnps, antenna length, spacing of eleme nts
and so on, is differen t for each antenn a, All at
tempts at a grap hical representa tion to arrive at
an estimat ion of gain , be taking into account the
side- lobes , are doomed to failure. That is why in
seriou s pupncenons. no such graphi ca l repre
sentation s are to be found. For certai n fype s ot
antennas rrus type of graph could be use ful in or
der to control the construction of the antenna.
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MATERIAL PRICE LIST OF EQUIPMENT
described in ed it ion 3/85 of VHF COMMUNICATIONS

OM 27,-

OM 62.-

OM 83.-

OM 26.

OM 260.

OM 395.

Ed. 2-3 '" 85

Ed. 3/1985

6224

6930

6931

Art. No.

6932

6925

6927 OM 85.-

Ed. 3 '1985

6928 OM 24,-

6929 OM 103 -

6926

Art No,

DC9XG OOl

Kit

Components

Pc-ooaro
Components

GaAs-FET Inter-Locked Dual Polar it y

Power Supplies fo r porta ble Use

DC9XG 001 single-sided, drilled

with cornp. plan

4 ICs, 3 transistors, 7 diodes,

11 elkos, 7 10il-, 5 ceramic find

2 styro flex-caps. 3 presets, 15 resis
tors, tin-plate case

DC9XG 001 complete, w ith above part s
Stab le Crystal-Con trolled -Source for 10,37 GHz

OBl NV 003 double-sided , silvered without

layout plan, undrilled

OBl NV 003 5 transistors, 2 diodes, 1 regulator

1 coil-former with core, 14 trimmers.

3 chokes, 1 m Silvered 1 mm wire,

3 elkos, 210il- and 18 disc caps

21 resistors, 1 preset,

1 WIG R 100, 80 mm long
Crystal 96,000 MHz HC-25U or HC·43U

Step-recovery-diode HP5082-0830

Kit DB1NV 003 complete , w it h above parts

DB1NV 12-V-Mobile-Sw itc hed .-Mode-Power-Supply

(10 A cont., 20 A int.)

0 8 1NV 002 single-sided with como. plan, dril led

DB1NV 002 upon request

Components

DB1NV
PC-board

PC-board

DC9XG

OM 18.

OM 119.-

Ed. 3/1985

OM 28.

OM 77.-

6923
6924

6921

6922

com plete, with above part s

FM-AM·Con vert er fo r FAX Reception

DTKOOl single-sided with camp. plan, drilled

DTKOOl S ICs, 1 transistor, 1 Z-diode

1 foil trimmer. 6 elkos, 6 10il and

16 ceramic capacitors. 3 presets

(upright), 28 resistors, 5 solderpins
HC-6U2,4576 MHz

DTK 001

Crystal

Kit

DTK

r c -toero
Components

k ~~~tberichte Teny D. B"ta, · J ah" Ie 14 · Po" tach 80 · D-8523 Ba;e"do"
Tel. We st Germa ny 9133-855. For Representat ives see cover page 2
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Space and Astronomical Slides
Informat ive and Impressive
VHF COM MUN ICATIO NS row offers sots of pn an
i esnc s ices made dUfirg the Gemini.Aool'c.Manncr.
and Voyag er missions , as we't as slides from leaeing
observe -ones. Thes e are standard s.ze 5 em x 5 em
51des wnich are fraMed and er-oo tetec
Prices p us OM 3.00 lor post and pack.nq

Sets of 5 NASA-slides DM 8.50 per set
Set 8103 Apol-o 11 Ea-th and Moon
8 et8104 Apolo t Marofthe Moon
Set810:, Acoro s aooto : Moon Rf-Itloarsa l
Set 8106 From Califcmla to Cap Can averal
Set 8107 Apo!c 12: Moon neve.teo
Set 8108 GR'll ini [ arth Vows
801810 9 Apol,01 5 . Rovi'lgH«dieyRi le
Sot8110 Acorcts : Ir tclr,e H'(J 'l ldnds
Set 8111 Apo!o 17: Last voyag e to Hl P. moon
SAte l 1? Apo l'01 7: LastMoonWalks
Sot 81t 3 Mariner 10 M"ft;ury and Venus

Set 8147 " Jup iter enc ountered " 20 slides o f VO YAGE R 1 & 2 OM 35.00
1 J" pit~ r a nd 3 s a:e llih '> 2 . The ~ i ;< · ' t I " ; "~' I 3. .tlJp.h" . 10 and F uror'a 4 Tne He d spo t 5 1 ~e Red spot in dHI" il Ij [ he
S "" i l[' ~] ~ Qud, 7 te ''' 'd " while ov,, 1 d. He ne i 't ~'bG " 'hood ot t~~ Hed spo t 9 . The ringsol,Iur it" , 10 . Tt,,, C,, lIileiln s a tAlli
I" " "1 A,"" lt'"-,,, . 12 Ca sto 13 . I"' pact 'e a tu' e on C~ lI isl() 14 . Erupli" n on 10 1 ~, . 10 fu ll diSC 16 . [ u lo pa clu",, ·., p
11. FlJ'OPa d lS:a~t vie ',," . 8 . (, a ny--nede COSH-L,p 19 . A d",I,, " t C""ym""e ;0 1~~ lov'a n syste 'n

Set 8100 »Satum enco unteeed «, 20 VOYAGER-l s lides OM 35.00
I Sa turr, a,'.d (", ,, ' ils'"'<,,,,,-; ? S" I.,,., ("yo 11 "" 0 m l l~s 3 .~attl tn"OITl e mio mile " 4.S"Iu, ,, tr<HTl 1 tn io m"G~ ~ Saturn a ' Ht
r '1go ' ,om 9C0 .()()(J m,·c c; S SdtJm 'S Hcd 3po t 7. C10Ld bAIl.'> io de" il A. Oi"", " ,)" i" "1 S atllrn 9 . ll iotle clasp-up 10
Rt" ,,, 1" Cmtcrs a t H~e a 12. Titan 13. n an', 1" ,1,,, I. Xl" 14 . '1"'1" " m Icron Mlrnas 15. Ot llAr , i,IH(II Mj""", 16 . Ap
p-~ach r>q the rir gs 17. U", le, r ", I,np l R. fld , ,,, h , " 'XIS 1 ~I , fl ' UICC(l, I r>ng 2Q . [~p" liJ'

Set 8148 " VOYAGER 2 at Satum «, 20 VOYA GER -2 slides OM 35.00
' . VOVAGP1 ? " f>o 'O" "hc s 2. C 'o ud , & ' ir gs 3 . ~to'm~ & ~a l~ lI tH" . 4. Cyclo " " ", "po ts & je t st rea ms 5. Co" VCclIVD
'" I' "" 6 A I~,,"" ) ' W IC d lS'evt an<e 7 Hlng s & shod ", fl . Til" " ( > " ' '' I ~ HonQ octads 10 . TIH) "A" "' ~) 11 l oo king
back o n SaIJm 12 T ta 1 -- ~K.t l " , iOH 1:1.Tih" - ,<, mo"~b cnc ba nds 11. I he ,·F· ring 1(" HYI ~"'O Il d ose up 16 lape l' '';
le'i~aIM 17 " " (Rlad" , u" "'m ,d l R.~1' e Tc'l'Y5 c ,,,yo~ 19. The ·1 " no g 9 n.,-,lu,,, ?o. W,t~ lI ll tho [ nke division

Set 8102 - r ne Sola r Syste m«. 20 NASA 'JPl slide s OM 35 .00
1 Sol" , S-,-, tc m 2. f o,m a, i~r 0' ~h e I-'Ianets 3 . The S .H' 4 . M"'C L"Y " , C 'escent Ve nus G. Clo uds 01V""" ,; 1. F arth
5'~ ) Moon 9. Va"" IC- . 11.1" . O IY"' I"" "',w,.; ' 1 M,,, ", (J"",o C"nyon 12. M31O ' S i"'K lL '" (; il" ", w,1 l J I-' i'>;)b o~

14. ,Iup I", -..i:l· Moo ' " ' " Jup tee ned S:)()t 16 . S~:um 17. Satul n Hing~ 1R II"",,, , " "d Ne ptune 19. 1-' lulO 20. C",net
;k" YJ 'S""

Set 8149 »The Sun in action «, 20 NASAiJ Pl s l ide s OM 35.00
S ur, l~ I'" I lg r~ 2. Tot~1 So'·", 'Ko l i p~" ~ . 0 .,1'" " ""' ,,, 4. Co"-",,, [' ()InS MMsate llite 5. Cor",,,, do'." ) up ti Solar mag",,

lo(;" " n 7. '\C ' IVC' req l ons ' ~ X-laJ ia:ion 8 . X-Iay co 'ooa g. Aco ' oo a l h ol~ 10. So l"rf l,"e 11 Active ~un 12. E" Jptivepro_
m i n e~ "e 'J Ga']anILa r r.rom ~"rY,~ 14. E ' lJn lw ~ p' o millWlCG 15. H' KI " So 'a ' ~Kplo slDn 16. P ,o mi""",;(, in actKln 17
Su n ;n actlu" 18 . ~ia " , · "t 'e r eid "'-'0;'" l 'J. r'Omir l'''e~ ctose up 20 C~ro."osphelic ~ora y

Set8144 " Space sh uttle " , 12 f irs t-f l ig ht s l id es OM 24,00
1. STSl .,,,"u, ,,101 2. View '10m the lewe l 3 . Tc.,,,,, C'Aa , 4 . lil C'lCh prol ik, b , P oyloa d bay o pe n 6. STS r.o"t ,ot 11 0 u
5:0n 7 Ir o 'bil, e ar:r ~~ en t~ro,,~ I ' IrA '" i (l( ~ (J -'" R. Fx ~) C, PI''''>in m d:d,"Ck 9 .John You ng 10. Appm,,' ching to uc h,O Qw"
11. AIIH' 54 .5 !," v s In s pa ce Col~mtla re turn s to Earth 12. AS~lon a~ts Crippe n a no Yo ung " " ".>rqe atte r the SLJC<;eo,.,t,d mls s,on

Set 8150 " Stars and Galaxies " , 30 astro color s lides, AAT 1977 - 1982, OM 46.00
, ~" ~ Aq l-o-Al" t'a la" 3.9 m 1e lm:JP~ I. AATi 2A~ TOQme 3.Tele sm p,-,Ce ntrelCQ~SO'" 4 An ObSA'\'e r a t I h~ P"rn~ FocuS 5.S' orT'a,'s
n <l'e SI'i C Ci,currpc l, ' Sla' T,all, 7 . C er" "'~' A NCC 5 ' 2 ~ 8 . TheS~"a Ga 'a<y MB3 INGC52:J6i 9 .T ~~ E'" Ca,; na~ N e b u la 10.Anopen
Clus te,a' Stdes NCC1293 " .A Pl a 'J~' '' 'Y NeN ·a . ",GC6,102 12 Tha TriM Not"" " M20 (NGC6514i 13 The C OIl~ Nebula 14.5 Mnnoce ,o
I s an·j NGC22'.' " I , Tt-o 1-' 01x Nea'"'a NGC7293 ' b.A 'f,'ol!-Ra,'e' 5 'a ' ., NGC2359 17."- S""o l Gala'y. NGC2o/J/ lE.Mess ier 16
INGC6C n ' 9 The Q' (;f' ~ e l;~ a 2G Dus' a'Xl Ga o ,n Sa 9'tla· 'cs ,NGC6589 ·W 21 NGCol b4i5 , The N~bt! oS ' IY A' ClUr' d HDl4A9J 7
22.DlJst C k)o.. ~ aod COA~ cn.s-e. '<GCfj528 23 The Spiral ce.e « NGC~53 ~4 .A Me,,· Lo>s su. IC222Q ?5 The .tewel 80 ' NGC4 1~~
2B.LX " G' o, .p Gale'l '<G:::SS22 27.Ceo·ralReg or, 0' NGC5128 28 To"' a'd s 1"'" Ga ;act,c Ce""e 29. rhe Trape"u m JO.The T, ;t;d 51"'s

~c T", C cberichteA ,~'.lr\':''''':'-,'' : Terry D. Bittan . Jahns tr. 14 . Postfach 80 · 0-8523 Baiersdo rf
Tel, Wes t Germa ny 9133-855. For Repr esentatives see cove r page 2



You should know
whafs behind our sign

W e am the orJy European
manufac turers of these

Miniature TCXO's
ceo 102, ceo 103,
ceo 104, ceo 152
modulable table

higher stability than a
quartz crysml:
lo'lS tha n :t 3 ppm over
thfl tomperetui e ranqe
-30 to +8O"C. (types B)
low ageing rate :
less than I ppm per
year.
wide frequency range: ~
JO MII7. lo80 MH:.:

low s upply voltage: I~~~~",,,,,,,,,,.,,,...~~,,.~'!'~ I
+5V
low cur rent consumption:
3 rnA max. (series ceo 102)
smeu outnnos: ceo 101 = 2,6 erne,ceo 1O?!l5? - 3,3 erne,

ceo 103 - 1,Ocm3

wides pread applications (l.g as channel elements or rc roronoo
oscillators in UHf rad ios (450 and 900 MHz m nqo)

Our R t D engi neers are
constantly workinq with
new technology to
develop ne w produc ts,
We can orrer technical
advic e Ior yow new
projects or manufa cture
aq ainnt your spociticatirm.

Quartz crystal units in
the frequency range
from 800 kH z to 360
MHz Microprocessor
osc ill ators (TCXO's,
VCXO's, OCXO's)
crystal components
according to cu stomer's
s peeificatioDs
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