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An Extremely Low-Noise 96 MHz Crystal
Oscillator for UHF/SHF Applications
Final Part II

by B. Neubig. DK 1 AG

!
•

'"

3. CONSIDERATIONS DURING THE
DESIGN OF CRYSTAL OSCILLA
TORS WITH GOOD SHORT·TERM
STABILITY

3.1. Sehtct lon of the mo st Favorable
Output Freq ue ncy

The clasSiCal desIQ" 01 oscillators WIth a good
short· term slabillty is based on a master oecu
lator at 5 or 10 MHz USing pr eciSiOn crystals in
their third or Iitlh cvenco e (6) . This results in
an e~ lremely high frequency multiplicatIOn
lactor in the case 01 UHF and SHF frequen
cies , The noise component 01 the frequency
muil iplier slages adds 8 considerable amoun t
to the toternoise.

Due to technical advanc es In the preoucnon
of crys tals, it is now possi ble 10 use crystals
having a higher resonance frequency . s unce
meni ally speaking. the a 01 a crystal will In·
crease on increasing the cvencoe (at the
same frequency). II can be assumed that the
produc1 a II 1is a COr'Istantlor a certain over
tone. ThiSmeans that the a will deteriOrate on
Increasing the Irequency. The upper Irequen
cybmillorcryslais on the markel is in the order
01 apprOltlmalely 200 MH z. In prolessiOnal
technolog y. an ootputlrequency range in the
order 01100 MHz has been loond to be most
tavorebre. This means thai oor selection of 96
MHz represents the present stete-ct-ee-en.

96 MHz crys tals in I llth overtone are available
readily in Ihe larger HC-61U or smaller HC-

181U case types. Comparison meeewemente
madeby tne aulhor haveshown thal the larger
crySlal has a more tavcreole Q. Atter ca rrying
out a number 01measurements. It was 10lJnd
that an HC·6/U crystal exhlbtted a mean a 01
apprOlllmalety 80 000. and 94 000 for HC
I 8IU. For comparison, crys tals were also
measu red al me« seventh overtone. ThiS re
suited In a mean a 01 106 000 In the case 01
HC· l 8/U crystals, which means approll 13%
higher a than the Iifth overtone. PrecISion
crystals In a glass case eKhlblt a mean a 01
116 000 al the seven th overtone (see seeee
4 lor lurther details rega rdIng the selection ot
a SUItable type 01 cryslal).

3.2. Selecllon 01 the ActIve Componen ts

In the case 01bipola r transistors. the noise is
mainly delermined by the base-emitter palh,
The noise 01PNP·transistors is tess lhan that
01corresponding NPN-lranSlstors. MOSFETs
generale a high noise level. whereas the 111
noise dominates at low Irequenc ies. and me
thermal noise 01 the drain-source palh domi
neres at higher . frequencies. Junct ion field
enect transistors generale less nDIse than bi
polar translSlors and MOSFET s (7). When
Ileld eeect transistors are used. high-eurtent
typeS are preferable due 10 the larger , linear
range and lhe lOw source impedance in a
gate creon. As can be seen in the measur ing
resul ts given in Section 4, lransistor type
P 8000 (now P 8002) is better than lhe appro
Illmately eqUivalen t transistor BF 246 C,



3.3. Selection 01 the Mosl Suitable Circuli

The ecnve slage ola crystal OSCillator has two
IUnctlonS: The llrst is 10 provide a gaIn reserve
tor commencing and main taining leedback
condi tions lor oscillation. and Ihe second IS
the limi ling ottbe manmumposeible amplitude
by reducing lhe gain at high ampli tudes
(saMatlon), In the case 01 an oscillator with
good short· lerm stability, II is extremely im
portant Ihat bolh luncliOns are separaled Irom
another and especially Iha l the crys tal will nol
«see.. anolher component whose operaltng
point will change dUflng the commencement
01 cscueton. or after cecueuoo has been
commenced. Otherwise . Ihe lIuctuattng impe
dance In time wilh the RF·signal will ca use a
mulupheanve conversion 01noise sidebands.

Furthermor e, a greatest pos!uble teedback
should be pfOvided lor the ecwe stages . be
cause a tinear opera llng range. and a low·
noise operation isonly POSSIble inlhlsmanflQr.

A eeeewe enteron lor me eeiecton 01the ce
cnraror creon ISthe ope rating C (see measur·
ing results In eecnon 4), A creonmet is able to
tultrll these condi lions was already described
by the author in (6) . The lollowlng inlormatlon
is 10 diSCUSS the expenence and measu ring
result s encountered whilst obtaining a favor·
able design,

Figure 10 shows Ihe principle 01 the circui t.
As can be seen. II is a DC·coupled ceeccoe
cirCUlI 01 two hlQh-eurrent held enect ueoee
tors. The basic oscillator cirCUIt IS a Collplls
OSCilla tor. If the source Impedance 01 trensrs
tor T 1 Is bfldged capecmvety. one Will obtain
a tree-running t .c-cecnretcr. where the teed
back is generated using a capaci tive tap on
the resonant cecurt l 1, C 1, C 2. Transistor
T 1 ope rates In 8 ccm mco-eoorce . and T 2 in
a commonilate CI rCUlI.

The leedback ISdeSigned SO Ihat tneoscuetoe
Will not OSCillate on its own ener removIng the
bypass cecector at source 1. The resonant
cecun compflSlng L 1, C 1, and C 2 IS tuned to
96 MHz. II the crys tal is now added inlo the
source line , lhis will reduce Ihe leedback 01
Ihe source imped ance due to the lower crystal
Impedance at me senee-reecoarce frequen
cies (fundamental wave. third. lItth ove rtone
etc.j. The drain CirCUli ensu res Ihat cscneuco
is made 8 1 the requ ired overtone, For thIs
reason, It must have a sufficiently high C. The
rete e l l c 2 delermines the deg ree ol leed·
back.

Both transistor s operate in steele class A With
8 dram current 0140 mA , The limi ting is made
USIng two anh-phase Scho ltky diodes that are
connected to a tap on the output cirCUlI. The
stenc cececuerce 01 lhe crys lal is compens-

•

OK 1 AG

Fig , 10: Practleal circu li of I~ 96 MHJ HellIalor
l 1: 61ums of 1 mm doa ..Ivef·plaltod copper Wll'e wound on a 6 mm lor.-r. COlI tap appro.
l 2 a. l I. bul w,'llou' tap
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ated lor With the aid 01L.. In oeoer 10obIaln a
real cryslal Impedance. and a symmelf1C81
phase run In the range ol lho aellea·resonan·
ce frequency otme crystal

The callCOde CirCUit eqUipped With the Ileld
eNecllrar\Slslors nas CharacterlsllCSSimilar to
that 01 a tube penlode. The hlgh ,ntemal ,m
pedance ,. CharactenshC. wtllCh means thai
the g.un corresponds 10 the well ·known lUbe
lormula

The output mped8nce that can be realtZed ."
praetJCe. .. leU lhan the Internal impedance.
wt\l(;h means '" pr'r1CIpIe that a leU than cce
mum malchlng '. present The same is valid
lor the dralf't of ItIe 'Irsltranslstor III hlgtHm.
pedance outPutmped8nce .. temw\8ted wrth
the 1Ow...-.put mped8nce of the source of the
second tranSfltor In the oppoalte marv'II!lf .

toufC8 2 Ma -1MHt"the very hlgh dynamc m
pedance of tranSIstor 1. wtllCh " connected
as conslant-eut'renl source Th,s causes a
very large leedbecil A l\.Irtr. leedback ..
prO'Inded by the source t8Sdlor FI 3 an con
I'JI"IClIOl'l WIth the cholo:.e. whICh IS .., paratlel
WIth the ......resonance tmpedance 01 lhe
ayatal lor RF

G • S. 1R", II ~) ... 5 •~ (7)

The opet"ahng current 01 the ceeccee II adJu,
sted With the aid of the source reSislor ; the
vollage et the InterconnectlOf'l poeu 01 drain 1
and source 2 is adjusted 10 appro.lmatety hall
the operatIng VOltage With the aid 01 the VOlt·

age d'Vlder R 1, R 2.

The two ~lT\lllng dIOdes are removed 101 align
ment. and the Cryslal ,s ShOrt-CirCUlled. The
Iree-l'Utlf1Ing frequency IS adjusted WIth the
aid 01the collec1or Clrcu't to appro.tmately 96
MHz, The compensallng tndUCIance L. IS
.J.gned together WIth the ayatal (alter being
remcl'Vild) to 96 MHz WIth the ad of • dIP'
meter. The oeaIalor ahou6d opera'e If'l •

stable m8Mer alter connecting the ayatal
and operatll"lg YOItage The QtlCillatot Irequen
cy ShOuld only sMI SlIghtly on delumno the
dr8ln CIfCUII. hOweYer, this IhoukI not be
detuned 100 greatty If'l order to .-..ure that 01 
clIatlOl'l does not cease. or to aVOIdtransoent
problems on SWlld'lng on. Alter adding the
.nfl.phase CIlOdeI. the RF·amptrluele ShOuld
be limIted 10 appro.,mately t'laN the value 01
lhe $&If-knltlng oeotlator by se«t'f'IQ the cce
teet lap

A IUb$8QuenI butter ampkIoer If't a common
oate orcurt (T 3) If'lCf"set the output Ievet 10
18 dBm ,
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4. MEASURING RESULTS

4.1. Operating a a•• Fun cti on of lhe
Operal lng Polni

The ClfCUlt was modilled as shown in Fig . 11
lor measurement of the opet'ahng Q , The
leedback line was cut, and a wldeband trans
termer T 16-1 was used as output CIrCUit The
50 U Signal lrom the Signat generator 01the
spectrum analyzar was led to gate I , and the

output Signal led 10 the 50 U input connector
01 the spectrum analyzer, II the crystal is brid
ged, the wideband gain can be read oll lrom
the spectrum analyzer.

On insertIng the Ctystat, this gain will be led
back outside the resonances 01 the crystal .
and one Will obtain ma~imum gain at lhe
series-resonance Irequenoe, 01 lhe crySlal,
as well as at its spuriOus resonances. todoc
l ance L" can now be adjusted 80 that the re
sonance curve at 96 MHz is symmetrical.
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• The vollage gain Irom gate 1 10 drSln 2 is now
measured andlhe bandwid th altha resonance
curve is determined, ThiSbandwidth is a mea 
sure 01the opera ting a.

and 46% when using a seven th ove rtone cry'
sial and a transistor SF 246 C. whereas 8
p 8000 Will already reach the SO% mark at
approJ::imately 45 rnA.

The operating 0 as a tuocnon 01 the drain cut
ren t was determ ined wllh a crystal operallng
in htth cvencoe (0 • 89300) and a crystal in
seve nth cvencne in the glass case (0
127700 ) in corquocnon wllh a tranSistor pai r
2 It P 8000. and 2 It SF 246 C. The results are
given in Figures 12 and 13.

Figure 12 shows the relallOnshlp be tween
operating 0 and crys lal 0 as a luncflon 0 1the
drain current. The upper diagram IS valid lor
transisto r type P 8000 , and me lower lor lran
sis lo r SF 246 C, and they show the resull s lor
bo th crystals, When USing a SF 246 C. and an
average Ilith overtone crystal , It is poSSible to
obtain a rela llQnship 0 1operating 0 to crystal
o of be tween 23% and 33% according to the
drain cu rrent USing a tran Sistor P 8000. one
will ob tain a value of 0 ",,: 0 ", .. 37 % when
USIngthe same crystal. and a drain current 01
40 rnA. The operatIng 0 will be between 30

o~ • 181
The operating a IS summarized as an absolu
te value 8S a nmcnon 0110 In Figure 13. One
Will rorce the saturalM)(l effects in exceaa 01
40 to 50 rnA FOr this reason, a dratn curren t
0140 rnA was used as opeta llng point lor the
subsequent measurements. Wllh IhlS and
WIth the lntenor transistor and a 11l1h overtone
crystal, an operating 0 of eppro J:: imalely
28000 was obtained. whereas apprOleima lely
62000 (or more then tWice) was obtained
uSing a P 8000 and a seventh cve ncoe crys
tal. Since the phase noise IS mainly determln·
ed by the operating a (see equation 1). it is
easy to see that an improvement 01more than
tactor 2 can be ectuevee by seiectoo of me
most tevorat ne ope rating poin t and type of
crystal.

Crys tal 0 is mainly dampened In the Oscilla tor
by two faa ors. The lowest component is the
series coonecton of scorce-cecee and R 3
that are paralle l to the crystal. whereas lhe
main component is the source·input impedan
ce 01 tranSistor T 1. ThiS .S In senee With the
equival ent resistance 01 the crystal.
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Fig. 14: SpeclflCltlon. ollh. m. a.ured cry.ta l. lro m Figur•• 12, 13, and 15

II one compares the equivalent data 01both
crystals (see Figure 14). one will see that the
l ilth overtone crystal possesses a lower C,
Furthermore. It e)(hibits a larger dynamic
capacitance C 1 • 0.65 tF. which results in a
series-resonance equivalent resistance 01
28.5 U. The seventh overtone crystal exhibits
a C 1 • 0.27 IF. which results in a resonance
impedance 01 48 U In conjunction with a a 01
127 700, The higher equivalent resistance 01
the seventh overtone crystal (in conjuncllon
with a higher a !) means that a certain sour
ce·impedance will deteriorate the overall a
less than when using a Iower·impedance
crystal. This means that the damping 01 the
operating a by the higher overtone crystal will
be less than when using the !11th overtone,

Since the effective source impedance de
creases on increasing the drain current, an in
crease of operating a results on increasing
the drain current. Figure 1S shows this rela
lIonship with the aid 01 the effective source
impedance determined with the aid 01 the
above curves, This is in the order 01 60 to
64 U lor the SF 246 C at a drain current of
40 mAo and 45 to 50 U in the case 01 tran
sistor P 8000.
Of course. a further improvement could be
obtained when using a ninth overtone crystal,
however. this would make the alignment 01
the oscillator more cnucet since the loop gain
will be reduced considerably due to the higher
scurce-teecceck caused by the resonance
impedance 01 the crystal.

!•

Fig. 15:
Etfec ll.... loure .
impedan ce II a
tU l'lC1IOl'l 0 1 II)
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4.2. Mosl Fevorebl e Output Impedance
01 Ihe Oscillato r Stege

4.3. Meuuremenl of the Noise Sideband s

Two oecneicee were built up according to the
CIrCUlI gIven In F'!lure 10. and one 01 those
was aligned 10 a Ilxed trequency 01 approxi
mately 96 MHz With the aid 01 a trimmer In
the case of me second cscmetcr . the tflmmer
m the viCinity ctme crystal was replaced by a
pair 01verector diodes (see Figure 17), and
locked 10 the Irequency 01 the !Irst oscillator
according 10 Ihe measuring principle shown In
Figure 7.

The measurement was made USing a c-oree
slonal laboratory system (Wandel & eoner
mann FSM·1095) In both the freQuency and
time ocmeees II ISpossible In ttns manner to
measure up 10 15 Hzlrom lhe earner. The re
sullis given In Figure 18 as me noise spaCing
10 log 1(1)referred la the earner. and recaicu
laled lor a meesunnq bandwidth 01 1 Hz
( ~dB.!HZ~J lOr a Sideband The fOllOWing
noise Sideband values Wi ll be seen :

A CIrCUit as shown In Figure 10 was modlhed
by removing the buller stage , as well as mter
ruptlng the teedback by dlsconnecllng C 3.
The seventh overtone crystal is present in the
source Circuit. A Iow·level signal is inlocled to
gate 1, and tapped 0 11 et drain 2 at high impe
dance ucw-ceoecuance probe). The output
lever Is measured al vanoos terminating im
pedances.

FIgure 16 shows the resuns:
The power gain (allo .. 40 mAl reaches a sa
turallon value 01appro~lmalely 20 dB at ZT>
1 kU . The output power Increases linearly up
to ZT .. 800 11 (dynamIC slope .. 14 mAN)
and falls 011 above thiS.

In order rotto absorb 100 much power due to
cirCUit losses. II il advisable to set the Impe
dance to .. 1 k11 . The output Circuit compris
ing L 1, C 1, and C 2 II also used as :r-Ilnk in
order to transform ZTto the 50 11 input Impe
dance of the buller The feedback rene 1:20
Q, 13 dB provides a sufuctent gain reserve
(g .. 20 dB) 10 ensure a stable commence
ment of OSCillation.
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Spacing 100 Hz:
SpaCing 1 kHz:
Spacing .. 10kHz:
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oVitl1 one cry.t.1 In
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The curve can be subdivided in stralghl Iinet
01 dlHerenl slopes corresponding 10 the beha 
VIOUr 01 flicker rcee. white frequency f1Olse.
and wt'wte phase f1OlH. etc .

The Impottante of eese very good values II
10 be dIscusMd WIth the aid of an e.ample

Aller a Irequency mull!Pkahon of 36 .rlKJJlred
tor the 3456 MHz band• • value of '13 dB
means thai an lld/8Oet'\t carner spaced 3 6
kHz Irem the required frequency. WI. be
supeflmposed With f1OlS8 from the OSCIllalor to
the value of - , 13 d8~. lithe carner IS S 9.
corresponding 10 50 ,N or 34 dB.v. the I'IOlH
SIOeband will PfOCIuce - 79 dB.v per Hz Of
bandWldlh . At a bandw1dlh of 24kHz (SSB).
thIS corresponds 10 '0 log 2400 A 33 8 dB
more ThiS IS equivalent to a rcee floor 01
- 45.2 es., Q 59 nV. or 31 dB less than S 1
01 course, thiS is onlV valid when the un 
wan led earner does not have any I'IOlse side 
bands 01 lIS own

~
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Fig 17:
Improvemenl 011"- 1tOUf(:e cIrCUit, and
modll'e.- Iion lor pull In,. . or fr-etuency
modulation

•

5. PRACTICAL OPERATION AND
IMPROVEMENTS

The operating current of 4Q mA ptoduceS a
oonSIderabie dlSSlpatlOl'l power, wtwch IS the
pnce 10 be p8Id torobtalr'llng a dean IIQn8l
The heal d1SS1pabon should be radiated e!lee
tlV8ty by • IUlt8bIe mounbng of both oeolIalor
FEll FurthermOre . attentIOn ShOuld be paid
thai " .. not allOwed 10 reach the Cf)'SIaf It II

th9relore advIsable lor Ih9 crystal to be
moun led oulSld9 0 1 the OSCIllator case In
order to ensure thai no hea ling (frequency
shrll) occurs. For higher demands on the tre
QUenCy stability. the CfYStallhould be placed
If'l a crystal oven. Slf'lCe even a crystal WIth •
most lavorable lemperalur. response" dnh
by 1 to 2 ppm . 8qUlValenllO 100 to 200 Hz at
96 MHz tor lMlfY 10 C

.r----r----,-~--_y_--_,

""

FIv· 11:
NoI.. ,.jectlon a. a
function 011"
~-y spac:1"9
Irom 1"- c.r..,".
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•
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" 1/ 40 mA is too hIgh, It IS possible to operate
the eucuu with 20 mA If a slight cetenoratron
in stability is acceptable (see FIgure 13).

The Iimlling diodes in the original circui t are
Schottky types; if necessary . they can be reo
placed by noisier silicon diodes (1N 415 1 or
similar) or germanium diodes (AA 113 or
similar) .

The operatrq current 0140 mA is in the viCini'
ty oilD(0) in the case 01some P SOOO/P 8002
transistors, which means that the source
leakage impedance. and thus the DC·leed ·
back will be very low. This can be improved
by providing a constant current source as
shOwn in Figure 17, which can be fed from
- 15 V. It may be sufficient when the source
resistor of 390 U / 1 W is connected to
- 15 V. Figure 17 also shows how a pair of
verectcediodes can be inserted to allow Ire·
quency, modulation, The pulling range mat
can be obtained is given in Figure 19 , A linear
range 01 ± 5 ppm ('" ± 500 Hz) can be ob 
tained With a pulling voltage of between 1 V
and 7,5 V in ccojcncncn wllh the seventh
overtone crystal; eccrccmeteiv2.5 times this
is obtained in conjunction with a filth overtone
cryslal.

The bias voltage for these verector diodes
must be taken !rom a low-noise voltage
source. such as !rom the 10 V stabilizer REF
01, manulactured by Precision Monolilhics
(PMI) or a suitable, hltered battery ,

A further Increase of the phase purity can be
achieved using a Simple crystal filter as
shown in Figu re 20. which is connected to the
output of the buffer. A cheap lilth overtone
crystal is SUitable, and one Willobtain a 3 dB
bandwidth 01 ± 3 kHz, When using a seventh
overtone crystal , one Will obtain a lower band
width 01 ± 1.4 kHz.

The alignment is made very simply by adJusl'
ment of C 2 and C 4 lor mSll:lmum outcctre
vel.

The obtained selecuvity curve is given in
Figure 21. The filter has no ertect on the
directly adjacent channel, but Will auenuete
the wldeband norse spectrum by acorccme
tely 20 oe If constructed ceretcnv.

!
•

.,
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.'
FlliI,1 9:
Frequency pull ing
chereclerleliCI
01I u venlh
overto ne cry,lel
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• A Linear 1 W Power A mplifier
for 2400 MHz

by R. Heidemann. DC 3 as

The lollowing slngl...tage ,rans isi or
linear ampUllar pou Bs8. a . gain of appro
ximately 7 dB and an output power of 1 W
In the 13 em band (appro • . 2400 MHz). ilia
thull suitable ' or use, for Instance, to
gether with lhe 13 em transmit converter
described In (1): This hybrid-power miller
equ ipped wll h • varac to r diOde type BXY
28 can generate between 200 and 250 mW.
This mean. lhal Ihe described power am
pUllar can provide 8 linear output power In
lhe or dar ot 1 W.

CIRCUIT DESCRIPTION

A tranSistor type F IE 6 manufactured by
eTC I' used . In the case of tt ns tranSIstor. lhe
emitter is Internally connected to the cooling
bol l This ens ures lhat there are no problftrTls
wllh reececttc Ihe high-frequency grou nding
of the emurer. The cncet diagram 01this am
plifier is given In FIgure 1. It shows no ten
dency to osc illa tIOn. The matching 01tile tran 
sistor Input and output Impedance to 50 U is

lOp
F1E6

! 12 12 DC 3QS
• '03,.IH '" H

I
B4Y ~ ..

80 ,...... . 12· 1SV

- ,'" '.' >I Ik-...-- 210
Fig. 1;
Thia ampUI'-" pr ovldea a"', <1" " 6ZXesc gain 01 a ppro_. 1 dB al

SAY 9S1 ' VI
~

2400 MHI a nd an o Ulpul
pow... 01 1 W
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Fig. 5: The descrl Md . mplille, u n be uaed wllhou t luni nill rom 2.2 to 2.4 GHI

made USIngtile standard method described In
(2) . The crcurt for adJusling and stabllizlng the
DC-operating point is Similar 10 the method
described In (3) ,

CONSTRU CTION

Finally , FIgure 5 glve8 lhe 10w' Slgnallrequen
cy response 01 the descnbed amphtrer. The
'ollowlng meaSUring equipment was used lor
tne measurements:

Power meter HP 432 A
Sweep generator HP 8690 A

- Nelwork analyzer HP 8410 A
- Power signal genera tor AIL 124

Double-coaled, epolly glassllbre material is
also sUllable lor applica tions in the 13 em
band. PC-board DC 3 as 003 has dimen 
ercns or 70 mm K 45 mm, and is shown In
Figure 2. Of course, It would have been pos 
sible 10 use lhe more expensive, non-readily
available PTFE PC·board mstenar. but Illls IS
net necessary lor IhlS econceton .

REFERENCES

!
•

The cross-sec tiona l draWing given In FIgure 3
shows how Ihe transistor, and BNC-connec
tors for tne input and output ere mccn tec in
SuCh a manner thai no Impedance Jumps
ace",

Further details regarding construcnon are
shown In the photograph gIven In Figure 4
One will notice the chip cecectces 01 Input
and output. whose values 0' apprO~lmately

30 pF are not cnncet as well as me two mini
ature lubular tnrrvners (PhilipS, 01 apprcx
3 pFl . whose ground connections are placed
through the 51015 in me board , The lwo temte
beads on the ccooecnco Wlfes 01the 22 Ute
sistors can ersc be seen,

(1) A. Heidemann, DC30S:
SSB-Transmlt Mt~ers lor the SHF
Bands
Part 1: 13 cm Band
VHF COMMUNICATIONS 11.
Edition 211979 , pages 86-98

(2) J. Gnmm, OJ 6 PI:
Two-Stage Low-NOise Preampll 'lers
'or the Amateur Bands 'rom 24 10 12 em
VHF COMMUNICAn ONS 12.
EditIOn 1/1980, pages 2-13

(3) G Sattler, OJ 4 LB'
t wc-s rece ATV Linear Amplifier
'or 435 MHz
VHF COMMUNICATIONS 9.
EditIOn 1/19n . pages 10-13
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A Receive Converter for the
Geostationary Weather Satellites
METEOSAT - GOES - GMS

Part I: The SHF-Module

by B. RoBie. DJ 1 JZ

The technology used In the 1.7 GHz een
verter to be described Is nol really new ; II
Is b..ed on the so-called Inlltrd lgl la l filler
convertera (1) deacribed In (2) for Ihe 23
cm. 13 cm. and 9 em band s. Thi s converter
Is very sull able for use with the ..temte re
ception system described by DC 3 NT (3) .
A large number of Ihe se converters have
been con structed and have been In oper ·
atlon for several years now. The converter
Is to be described In detail 10 aave Ihe
complex recalc ulation ollhe mlx.r and os
clllalor mod ules from Ihelr 23 em or 13 em
counterparts.

Part 1otttus arncte is to describe the inlerdlgi.
tarhtter-mrxer module and the IF·preamphher;
Part2 will eescnbe the local oscillator module.
The latter has two indIvidual cryslal OSCillators
lor converting the two APT-channels 01
METEOSAT to the same inlerme(M le Ire
Quency 01 137.5 MHz. Further processlI'lO 01
the Signal In a VHF-receIver can be made
uSingmodules DC 3 NT 00:w04 (3) or modI
l ied modules OK 1 OF 034!OO5 (4) together
with a home-made VFO, These ere only two
ellamples

FIV. 1: Circuli d lav,am . On ly Ih. cent., lIng.' o l lha Int. , dlgll.1lllt.r i••hown

!•

I
;
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CIRCUIT DESCRIPTION

The METEOSAT converter possesses 8 'Ive
stage inlerdtgl'al Illler as mixer module in a
similar manner to Ihe converters described in
(2) . The input voltage from the antenna is fed
to one end 01 the ulter. and 'he lOCal oscillator
frequency injected 10 the other end. The miller
diOde is connected 10 the center linger. The
CirCUlI dIagram is limited to the miller diode
and the subsequent, ew-oose IF-preampll ·
ner (Figure 1).

For mechanical reasons, a SChQllkyeeee In
a smatl glass case (0 1) is used as mixer. The
2·GHz verSion HP 2817 provides a noise II'
gure 01 between 7 and 9 dB. However, in
order to achieve this, it will be necessary 'or
the impedance trans lormahon between the
miller diode and the preamplilier Iransistor to
be opllmlzed. For this reason , the cecot 'S
provided Witha Pi-link comprising two trimmer
ceeecnc-e and Inductance l 1.

CapaCItor C 1 ensures a closed UHF-eurrent
crcuutrcm tne linger via me diode to me out
side 01 'he ' Iller . This capecnoe is rcme-meoe
and should no' nave more Ihan approllimalely
10 pF, smce its capacitance is added to 'hat
otme flrst'rimmer. and mus limits 'he adjust 
ment range.

uc-eorrent !lows lrom the miller diode via
RFC 1 and the 100 U resistor to ground, and
via the linger back 10 'he diode. The Voltage
drop across ' he resistor allows ,he OSCillator
power to be cheCked, It should be between 1
and 10 mW and cause a direct currenl 01
apprOKimately 1 to 10 mA ThiS means thaI
one should be able '0 measure a vonage drop
0' between 100 mV and 1 V.

The intermediate frequency vonage is led via
the PI-link 10 gate 1 01 the dual-gate MOSFET
BF 900 . It operates in a standard CIrCUlI With
approllimately 10 mA drain current which
allows transistor spreads to be virtually cern
pensated lor. The parallel-resonant ClrCUl ' at
,he output comprIseS Inductance l 2 and the
30 pF mmrner. as well as a 50 U lap. whICh
means thai me interconnectl()(l 10the sceee-

quent recerver can be made USing Virtually
any length 01 coallial cable The gain 01 thiS
stage is In the order 01 20 dB when uSlf'lgtran
sistor typeS BF 900 or BF 905 , whereas
approllimately 25 dB can be obtained when
using a tranSistor type BF 910 or BF 981 . The
- cvereu gain w 01 IhlS converter Will be ob·
tained after deducting the actual conversion
loss 01apprOllimalely 8 dB,

ELECTRICAL COMPONENTS

01 : HP 5082 ·2817 (Hewlen·Packardl

T 1: BF 900 , BF 905 , BF 910 (texas Instr)
or BF 981 (PhiliPS)
or 3SK 88 (NEG)

L 1: Sturns all mm dla, suver-pterec
copper wire.wound on a 5 mm lormer.
pulled out to ' It the holes.
sell-supporting

L2 : Sturnsoll mm cre. silver-plated
copper wlfe ,wound on a 5 mm diaCOlI
lormer, WIthOut core. Coi"ap 1 turn
lrom me cokl end ,

RFC 1: 22 !IH miniature filled Inductance or
).14 cncee'or 137 MHz

RFC 2: 6-hole temte core choke (Phlbps)

3 plastic 1011trimmers, 30 pF , 7,5 mm era
(Philips : red)

Various ceramic disk cececucrs. values
uocnncer, spaCing 5 mm

Carbon reslslors, SpaCing 10 mm

Goallial socke's according 10 file type 01 ceo
slrucllon and lhe case , Antenna input and
oscillator Input: N-eonnector orSMA; BNC lor
'he IF.

MECHANICAL CONSTRUCTION

The principle 01 this receive mixer can be
eaSily seen In FIgure 2.

The base plate IS 120 mm K 90 mm and is
made from double-eoated. epoxy glassllber
PC-board maleria l. Whereas tile lower side 01
the base plate is elctled in the viCinity 01 lhe
IF-preampll' ler (see Figure 3), the upper sur-



---.

I '
~ - - - ~

§
N
~

I
•

,

FIg. 2: Componenl loc. llon, . nd con.tructlon 01the tecelve converter 1691 137.5 MHz

Fig . 3: Pr••mpliller pert o l lhe 120 mm _ 90 mm PC-bo lr d
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face remains as ground surface, and IS only
removed USing a 3 mm dIameter drill at those
posmcns where component connections ere
passed through me PC-board '0 a conductor
lane, The parl s shown In Figure 4 are con
structed belore mounlll'lQ the components
onto the board,

The inlerdlgltal tuter comprises 2 side pieces
conslructed Irom 6 mm 'h ICk copper or brass
plate, These are later screwed to the base
plate With me aid 01 seven 3 mm screws.
each. The lIVe Interdlgltal resonators are
mounled alternately on treee plates. The in
terdigllal IlOgers are made, as can be seen In
Figure 4. Irom 10 mm diameter copper or
brass rods. The 4 mm eremeter mounllng
hole is counlersunk USing a flat. 9 mm drill in

order to ensure that the resonators have a
good contact all arouncl the edge With the side
panels. II the resonators are to be made Irom
lube, II Will be necessary lor M a-nuts 10 be
soldered Into place, which should not COincide
directly 10 the edge 01the tube. but should be
depressed somewhat so that the electric con
tad around lhe edge 01 lhe tube IS also
guaranteed.

Two 01 ,he resonators are ptOVlded WIth an
additional lapped hole - II possible 011 mm
diameter - lor connecting the Inner conduc
tors 01shorf coallial cables. prelerrably semi
rigid cable , The center resonator is provided
With a similar hole at one end lor connecting
lhe miller diode

21.



FIg. 5:
A voll' ge , I.bUller or , r, mot.IMdlng tiller t.n be mounted
on th . Ir_ .urt. e. of In. PC'bollrd

•

It is now necessary lor the UHF-ovpeee cape
Citor lor the ml~er dIOde 10be eeeeeee bt'lol·
Iy. II ccesets of a me lal disk 0 and a PTFE
loll 0 whereas Ihe other pole cnne capecuce
ISformed by the Sidep18C8 , This plate capac
tOJ is held logelhftf by a M2 screw The lathed
PTFE piece 0 shown In FllJure 4 19 reQUIred
10 ensure thaI 1'10ground ccruecr IS made A
double solder lag 0 IS fltled 10 thiS 8S wett as
a dis k and a nu l. Choke RFC 1 and me 100 U
resistor ere soldered to one end 01the solder
lag. whereas the other end IS benl towa rd m
ductance l 1.

The cover 01Ihe Mer system 15 not shown In
the diagrams , II is 120 mm _ 53 mm , and IS

made ' rom 1 rnm copper (or brass) pla le and
screwed to the Side pieces with the Bid 01 14
SCrOWS The author's prototype shown In
Figure 5 IS somewhat mtte-ent Irom thIS des
crlp llon In met the cover 15 hard -soldered to
the side pieces,

Regarding Ihe material used. II should be
menlloned that brass should be galvanically
Silver-plated. whereas copper need not be SlI
ver -ptated as long as It IS polished, However.
the best matener and the besl descrlpllon Will
be 01no use lIthe ccorect condi tIOns between
the resonators, SIde pieces. base plate. and
cover. as well as Irom lhe outer sneer 01 the
coaner cables 10 the base plate are not good
Also the clamping 01 the shorl connection
wires of the mixer diode (polari ty is no t «noor
tann must be made With extreme care ,

ALIGNMENT OF THE MIXER MODULE

For ahgnment one reqUires a mutllmeter lor
DC -vollage. a local OSCillator module (Will be
oeecneec In lhe nexl edilioo of VHF CO MMU
NICAT IONS" as well as a 169 ' MHz soorce

!
•

I
~
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TABLE OF MECHANICAL PARTS

Part -No. Material, Dimenalons. Noles Num ber

2

3,

DISk., 10mm OUler ee.. 2mm hOle.
1 mmthiCk.. copper or brass

013 mm thICk. PTFE·IOII. felnlorced with
glasshbre.12.,2

PTFE part as shown In FlQure4

Doubie-SOIdet' tag. II possible lor M 2

Screw M 2 II 15. Wllhwasher and nut

Side pece. outer. as shOwnIn FlO. 4. center
Side pece. Inner. as shown In Fig 4. below

Cover, 120 I: 53. 1 mm copper or brass plate .
with two fOWS 01 holes ot3 mm era
Resonators. round copper or brass,
10 mm dlamelef, see Fig. 4

Threaded boll. M 6 1I 20 mm with nuts.
lor luning

SCrewsM 41112

SCrews M3 I: 5

Screws M 1 I: 3

5

,
5

28
3

!
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(crystal OSCIllalor. mulhplter with HP 2800.
and an It'Iterdtgltal llIter). or a parabolic an
19fVl8 of apprOl:lmately 2 m dlameler po.ntlng
to METEOSAT 2 or another geostaloonary
weather tate!hte

Firstly Checllthe drain amenl at the source 01
me IF·preamplifler; It should be between 2.4
and 3 V across 270 U

ThiS is loIlowed by aligning lhe oscilialor side
01 the Iitler for maximum mixer diode current
by measuring Ihe Voltage drop across the
100 U resercr. The euler resonator extubts a
wide resonance due 10 lhe loading ot the 50 11
cable, whereas the second resonator is very
sharp. For tors reason, the locking of me
tuning screw must be correspondingly
secure. Solh crystal freQuencies should be
SWitched on allernately and the lunIng 01the
resonator ahgned so Ihal the diode currenl is
equal at both Irequencles. A voltage drop of
100 mV is good. bul more (upto 1 VI IS betler

ThiS IS fOllowed by connec1lng the soeee
quent f9C8!ver and ahgrMng lhe drain cecau
and the P,·lInk. 01 the IF-preampliller lor maJU
mum oose . It IS SUltlClflnt when It'US is done
temporarlly et Ilrst; the line allQnrt'I8flt can be
made later when f9C8!Vlng the reqUired
SlQnaL

It is now posSible lor the Inner resonalor on
the antenna side 01 the interdlQltal filler 10 be
changed to lhe OSCillator freQuency. which Will
be cbservec as a deep dip ot me mlllef ecce
current. From thiSPOSItion, the lUning screw is
rolated out somewhal II a signal source of at
least 0.1 mW al the reqUIred frequency is
available, It ISpossible lor the two resonators
on the antenna side to be aligned lor maxr.
mum current 01 the mil:er diode. 01 course.
ene- SWllchlng 011the oscillator.

Either a f'IOIse measuring system or an accu
rately onenta led anlenna [see Figure 14 In
(5)) is requited for the lIne allgnmenl



Whereas lhe drain cncun comprising L 2 and
Ihe inner resonator can be tcneo for mao
mum Ileld slrength, Ihe allgnmenl 01 tne Ilrst
resonator on the anlenna side , and the PI·llnk
between miKer diOde and preampllher must
be made lor eesr Signal-lo-nolS$ reno. Both
METEOSAT channe ls (169 1.0 and 1694 .S
MHz) should be SWl lched on alterna lely
dunng this alignment In order 10cbtem a surt
able passband curve.

lithe IF-preampllher should show a lendency
to cecaetco. •t IS possIble lor a screenIng
panel to be placed across lhe board at the
posmon sho wn by the dashed line In Figure 2.
II should be 20 mm high. Sometimes. a cera
mic cepacnor 01 several 100 pF can be con'
necrec with the shorles t connec tions 10 gale 2
and the source of the BF 900

The norse I lgure of ttns converter will be In the
order 018 dB alter lhe alignment has boon co
nmeec. ThiS means thaI METEOSAT APT ·
Images will be received Wllh a parabolic dish
01approKImalely 2 m diameler. A preamplil ier
haVing a noise figure of aWOJumately 2 ee
and a gain 01at least 16 dB [bette r 20 dB) will
be required II a parabolic een011 to 1.2 m is
10 be used . Alten\lon shou ld always be paid to
keep the cabl e loss between antenna and
preampliller at a minim um, Sulliciently sew
nose lIgures can be obta ined . lor Instance,
uSing the two-stage creempnner lor the 13 cm
band descnbed by OJ 6 PI in (6), which can
be simply realigned to 1.7 GHz. This peeem
plil ler is equipped wllh tranSistors type
NE 64535 and NE 57835 on a PTFE·board.
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Portable Antennas
operating according to log-periodic principles
LP 2:2 m - LP 3 2m - LP 5 '2m LP370cmand LP570cm

Two . tnree. and live element portable treee and live element port able antennas
antennas lor 144 MHz . lor 70 em.
Gain 4.2dBd. 7 dBd. and 8dBd respect ively Gain 4.5dBd al\d 8 dBd respectively .
Price. : lP 2/2m: OM 29.80 Price. : LP 3 7 0 c m: OM 3g,.OO

k
LP 3·'2m : OM 49 .00 LP 5170cm : OM 49.00
lP 5/2 m : OM 79.00

~technik Terry D. Bulan . Jahnstr. 14 . Postlach 80 . 0 -8 523 Baiersd crt
Tel. 09 133/8 55 (Tag und Nacht)
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• Antennas for Reception of Orbiting
Weather Satellites in the 137 MHz Band

by T.rry Bitten. G 3 JVO / OJ 0 BO

!•

214

Orbiting sal elllies usually Ir anamll c loc k
wl&&-<:lrcular polarla.lion In o rder to mini
mlz. the lading eflect. encountered in th is
type 01 reception. However. the received
pola risa tion 18 ulually only l ru ly c lock·
wl ae-clrcular when the eeteutte is p.salng
directly overhead. This means Ihal th e
polarlsallon I, not conatanl dur ing Ihe
pa". but I. matnly elli ptica l, and can vary
beween Virtually linear near Ihe hor tzon ,
and Iruly ci rcular-clockwise when ev er
head.

BASIC SYSTEM CONSIDERATIONS

Proresso ne! recelVH'Q eteucns nearly always
use lracklng systems wllh several cecurar
polarized enteonee These ere usually ellher
crosSed-Vagi or helical emenoee Such eve
terns are large. exlremely complicated and
expensive . also due 10 me reqUIred compu·
ters to cootrcr them Our expeflmen ls have
srcwn lhat they are not usually necessary .
and only bong advantages when the satellites
are less than 10 above the horizon , How
ever, if we are 10 use Simpler antennas wllh·
out lracklng, thiS Willmean mat we have less
antenna gaIn. and thus must increase the
overall senSitivIty01the system as lar as teen
nologlcal ly possible. In order 10 compensate
lor tt ns.

ThiS was mainly achieved In oor case by use
01a Iow·noise preamplilier direct etme amen
na. wllh good quality N-eonnectOfS through
out Even at 137 MHz one can measure noll -

ceable syslem nose Ilgure dlller8nces be
tween N and BNC conneclors In a system.
and ooe should nol consider USing PL-259"
50·239 connectors lor anything above
28 MHz.

The no-se Itgure 01 the preamplifier was 0.9
dB when measured lhrough tne connectors
and bypass relays, It was eqUipped With a
SF 981 Dual·Gale MOSFET. Ot course. It
would be poSSIble 10 reduce the oose Ilgure
enn further by using GaAs FET's. however.
these oevcee are slill oon-orctectec. and are
thus more cntcer dUring construction and
operation Since the syslem noise ftgure was
sulliclenlly low USIng the BF 981 , no allempl
was made Wi th GaAs-FETS

TYPES OF ANTENNAS CONSIDERED

Cro ssed Dipole 'rurnstne

The hrSI antenna to be consIdered was a
crossed dipole or turnstile antenna thaI was
phased lor ciocewrse Circular polarisation as
shOwn In Figure 1. ThiS antenna seemed
ideal. SInce II receives ciockwrse-cucutar
polafl5a llOO when tne satellite ISdirectly ever
head. and represents an omni-c:llrecttOf'lal
hOrlzonlally polarized enteena for signals
arriving parallel to the ground surface. u ntcr
nmately. the rll sults were not as good as ex·
pected due to a considerable amount 01
lading observed dUflng the pass. which was
lound to be the result 01multlpath pmpagahon
caused by ground and Olher reuecto r e



meccn e Ant enna

The crscone (Figure 2) is a very usetut wroe
band antenna that is mainly vertically corenz
eo In our case, It covered a frequency range
01 80 MHz 10 500 MHz . This antenna was
selected lor the second expenment, because
It was nol so strictly linear polarized as a con-

f ig . 2;
A D1SCONE anlenna lor Il().SOO MHz

f ig . 1;
A ere..ed-dlpole
lurnatlla ant"nne

veenoner dipole . The results ceteroeo wllh
this antenna were better Ihan me crossed
dipole at lower angles, and provided good
signals Ihroughout an passes wrlh only some
minor lading when lhe setemte is directly
overhead. The disadvanlage was ro t in Ihe
reception 01 the satellite signal, but in the reo
cepnon 01 considerably more ignition and
other electrical mtertereoce. Also , although
me deep lading was less than Wi th the cress
eo dipole, there were stili certain angles
where the signal disappeared into Ihe noise
due to mu!lipath recepucn.

Stacked Colinear Antenna

This antenna was mainly tried in order to in·
crease signal strengths when lhe satelli te is at
or near the horizon, 01 course, this antenna is
completely unsuitable lor overhead passes,
and also received a considerable amount 01
ignition and electrical mteeterence.

FI)(ed Helical Antenna

One ctthe easiest means 01Obtaining CIrcular
ccrenseton is 10 use a helical entenne. and
tt us antenna was also considered. u ntortuna
lely, trUly Circular polarisation is not obtamed
until uSing at least a nve-nrm hehx. This
means, however, that lhe antenna would
have a beamwidth 01 approximately 50 ',
which is tar 100 narrow lor our application.

•
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A B ig -Wheel Anlenna

The btg-wheel antenna was also lrled at the
same tllne as the osccoe antenna It also
provided good SIgnals al lhe hOriZon and a
good reJ8Cllon 01 eectrear and tgmtlOn Inler
terence

However, conSIderable lading occurs at
higher angles ckIe to the SIgnal reachtng the
three dipoles at dlHerent phase angles ThtS
causes deep lading Slmltar to the multlpalh
propagatlOl'l notiCed WIth other antennas

Filled Two-Element Crossed vagi

After some conSideration, It was assumed
that the deep lading encoumerec when uSing
the crossed-dipole. big -wheel, and esccoe
antennas was due to multlpalh propaqanc n,
and was mainly caused by ground reuecuone
These ettecte co mpletely disappeared when
eJ: lendlng the crossed-dipole 10 to-m a IWO
element crcsseo-vecr by adding 2 reflectors
al a spaCing 01iJ4 bejow medipoles Such an
anlenna IS shown In Figure 3

The resutl was a constanl sIgnal throug hou t
the pass wllh Virtually no lad ing The only ers
eoveotece was thaI the recepton at me hori
zon was no t qUite aallslaclory due to the re
duced beamwldlh 01 the anlenna

At ttllS potn!. the aulhor would like to potnt out
that a crossed-Y8gI an tenna phased lor crcv
Iar-poiarlsatlOn will have a dillereni beam
WIdth than a conventl()n8l 2-element YiIQI
anlenna Usually one can exoect a beam
WIdth of approllimalely 75 In the E-p1ane. and
about 140 In the H-p1ane . In the case 01 a
crossed-Vagi where bo th dipoles are In use ,
the beamWldth IS a mean value 01 H and E
planes, and is In me order 01 100 Readers
shOuld also remem ber that Circular-polarized
antennas will also provrde 3 dB more gain
lh an their linear coun terparts when receiVing
Circular pclanaatrcn !

FINAL ANTENNA CONCEPTION

The results cnne above experlmenls showed
tha t an antenna was reqUirecl that was able 10
sallsfy the 100IOwlng demands

!
•
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Fig . 3:
A 11 J:1tdtwo-Mmenl ero.....:l Ya<jIl

• ClockWise Circular poIansatlOn

• Suppres5lOf1 01 IgmtlOl'l and eecncar
Inlerference

• D!r8C11()n81 charadensllC to suppress
mullipath propagallOn

• Widest posSIble beamWldth .., order 10
provide sahs laetory recepllon at the
hanzon

After delermlnlng Ihallhe z-eiement crossed
Yagl tulfttled en these demands except tor lhe
requirement 01 a ecrncent Signal Sl rength at
the hoeeon. me author attempted 10 lInd ways
01 Increa sing the bearnwldl h 01 Ihe aete nne
wlthoul lOSing the cnecnoner cna-ecterrencs
required lor suppreSIM g the grou nd and mur
npath reuectoee

The 5OIulion was finally round by changing
lhe dlpote-rellector spaCIngS Irom the onglnal
i.J4 reqUired lor ma ximum gain 10 a spacmg 01



FIg,4:
f ln. 1. nlenn. concepllon
with 3 8 i, sp.clng belWHfl
rMtI. ' or snd re!leclor

3-'8 ;". Flgur. 4 shOws a photograph 01 the
authors prototype. This caused lhe main lobe
10 start Sph"lng into two lobes , whiCh resulted
In a lIa" er and wider main lobe The resulting
H·plane lobe ISshown in Flgur. 5 lor a Imear
polarized z-eremer uVagi antenna , It is some
what less lor a cncurer-pcierueo crossed
Vagi antenna due to the mean values be·
tween the H and E-planes However. the m
crease In spacmg causes the matn beam to
widen to the value 01 apprOJlImately 15% . The
result is a rctceeoe Improvement In the re
ception of satellite Signals near the horizon .

PHA SING

The same is valid lor phasing thIS antenna lor
oockwrse Circular octansencn 85 has been
already wnuen in many arucers In this maga 
ztne (1) , (2) . Firstly mark the hoI end 01 each
dipole : ThaI is that end 01 the lolded dipole to
WhICh the center conductor 01 the loader
cable is directly connec ted ,

The leeders 01 the dipoles should be cut so
that one feeder IS an eecmcer halfwave . and

50° 60° 70° 80° 90'

i
;

",

f ig. 5:
H-plsne be.mwldlh
of s lwo-.lement Vagi
.nlenm! Wllh s
. psclog of 3 8 ~'0

OJ 0SQ

"100'o0'10"'0

10'
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the other IS3141..When uSing either AG·21 3/U
or RG-581U, these lengths will be 72 cm and
1079 ern respectively. Provide each 01mese
teeoera with a good quali ty Nconnector. The
two dipoles are now coupled together with me
aid ot a power diVider as available Irom UKW
TECHNIK, Since these power dividers are
low-loss wldeband devices . It is coseere to
use the standard 144 MHz types

The dipole with the shortest teeoer is now
mounted on the vertical boom This ISrenew
ed by mounllng the second dipole so that the
hot-end marking IS 90 In a clockwise cnec
lion Irom the marking 01 Ihe lirs t dipole when
viewed nom the renecrcr The antenna is now
phased lor clockwise-Circular polarisa tion ,

."
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/

OJ 0 eo
Fig. e .
Con,tructlon de' l n. 01 lhe I ntennl

CONSTRUCTION

Alter taking the veiccnv teeters Into consider
ation. the dimensions 01 the antenna (Fig . 6)
are as tallows:

Dipole :
Reflector :

Spacing :
Length 01balun cable :

1035cm
109 cm

81 cm
)J2xVF ...1438cm

WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

V SWR

Pc sttach 80 . 0 -8523 Batersdott
Tel. 09133 /855

80 - 480 MHz
3 4dB / i./4

50"
"", W
VerllCI I
SO 239 soc kel In lhe head
-c I . ~ : 1

'"Height. 1 00 m I Ollmel ll1 1 JO m
Aluminium
Anlen nl hud " pur onlo I 32 mm (I ~' - l

dOl mlsl Ind sec ure d by I screw

-
I !~. I.- I - I :-I I '\ _Ant llooc... ·..1

• I I -
- I I

' l- I J, ,
,

• FreQuen cy rlnge

• Olin
• Impe dl nce
• Power filing
• POI"III" on
• Connec tion
• V$WR
• Weight
• Olmen ltOnl
• Maler., 1
• Mounlln g

Te rry Brt tan . Jahnslr.14

I

1\
UKWlechn ik
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Forecasting for Reception Times
of Orbiting Sate llites

by Tarry Blttan, OJ 0 BO / G 3 JVO

•

It II rather difficult for many 01our f • • der.
to obt ain Ihe required equalo r ere••ing
tim•• and a ngle. ' or the orbiUng ..le IUI. ,
In the 137 MHz blind. This short artic le ia
to ahow wher. l uch Information I, even
a ble, and what OM ee n do •• an a mate ur
to forec. ,t one ', own ti~.

AMERICAN SATELLITES OF THE
NOAA SERIES

The eQU8IOt crOSSIng urnes and angles .,.
available VIa theaerOflaullcalwealhef Mr\'ICe
They at. l toted If'lthe dala bank oilhe' Ml'\"Ce

In BruSMtl. and can be catted ott by teleprin
ter from any aeronautICal weather cece ThiS
mea ns thai II you eeve good nMalOOI WIth
your nea 'est weathef oNICe. you will be able
10 always obtain the req Uired l imes

Dunng the winter months. the evenll'lg and
mgh t passet over the COld (lOw con lra.l) sur 
face do no, provide worthwhile mtre-reo
Images lo r U5 am ateu rs. and need not be con
sideted , Even me morn ing pa sses 01NOAA 6
Are in the tWilight zone and thus coldest part
ol ltle day , and Will 001be 01great Interesl un
til the shortesl days start 10 gel longe r Thl'
means lhal II .. maInly the afternoon passeti
of NOAA 7 lhal are of Itlleresl bOlh In the
Inlra-red and VlsbIe ranges Ot lhese. lhe

overhead pass. and lhe prevo ua and eobse
co ent orbi ts to the eee t and west respectiv ely,
are or interes t.

RUSSIAN SATELLITES OF THE
METEOR SERIES

It IS Vlf1ually ImpOSSIbIe to oblaln any If1forrn
atl()(l on the USSR weather sat.les No In·
lormall()(l e avaIlable In the European data
bank , or through wealher cece sources ThIs
means thai one must rely on one'S own abo
servahor'ls Thew times are noc reliable lor
the 100lOwlng reasons

The RuSSlaf'lS seem to have • Iaroe number
of satelrtes If1 ortwt. whICh they SWItch on and
ott accordtng to the cnaroe condttlOnS Of ee
berteees. Al Ieasl thIS ell assumed by !he
author. SInce lhere IS00 regu(anly 10 be fou nd
when ObServIng these saleilltes overa perIOd
01 tIme . This is lUst as lrue lor lhe 120 line
per-mmute satelli les on 137.300 and 137 400
MHz, as lor the 240 lines-per .mlnute set enuee
on 137.150 MHz .

Anolher problem is that the cootrot erauooe
SWItch crt the salellite belore II goeS OUI 01
range 01 lhe USS R. preSllmably also 10 con
serve battery energy These salelli les also
only Iral'l$fTlll dunng dayl.ghl houfS . SInce !hey
Qf'IIy prOVIde VISIble. and no If1fr. -red mages

!
•
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FORECASTING THE TIMES OF
RECE PTION FOR YOUR LOCATION

Assum ing that you are no t able to obtain Ihe
reqUired mtorrnenon. It is possible 10 tcrecest
the limes of rececton in a melhod used by
DL 3 WR After obse rving a 'requency on two
days, one ca n forecast the orbits for upto 30
days in advance. 'rtus ISmade In the loI low lng
manner

Firstly prepare a sheel 01paper as shown In
the fOllOWing d iagram wIth lhe lime (Elither

lOCal or GMT) on the vertICal scale, and the
dates on lhe hOl'lzonlal scale The cerumen
cemen t of rececton lor each frequency IS
no led 81 lhe mtersecnoo 0 ' time and da le,
After IWO such potnls have been marked on
d lffe ren l days It IS possible 10 lOin these two
ponte wllh a stralg hl line , wh ich can be ex
tended to the end 0' the page, Th iS should be
made 'or each orM and eetente (frequencyl·
The limes 01 recepuon for any subsequent
da ys can then be lound by fOllOWing the dale
line until the ortlll hne IS crossed and reading
off the eppropnate l ime . Since the orbttal
penod IS etec kno wn. It IS possible to deter
mine the prevIOUs andsubsequent orbit hmes

•
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Eumple tor the reception
u~. 01 .........1orbiting
....Ilit • • oltha NOAA
. nd METEOR ..riel

T'/., technik

OM 699.
OM n5.
OM 855.-

2 m IF. oulput 1 W
2 m IF, outpu t 3 W
10mlF,outpullW

A New Generation
of Transverters
for 1296 MHz

We wou ld like to in troduce our second gene ralion o f 23 cm Irttns ...ertere lor operation In co n
junc!ton w ith ellher 10 m or 2 m tranllCel...ers .

• Double-conversion both on Iransmlt and rece! ...e WIth the 10 m version 10 obtain the
ex tremely high image and spur iOUS rejection and c lean spec trum.

• Overall norse !tgure o l tha reeelYe conve rter typIca lly 3 9 dB

• Tran sverters are a...ailable In Ihelo llow lng versions:

ST 1296,144 A:
Sf 1296/144 B:
Sf 1296'28:

!
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A Home-Made UHF/SHF Power Meter

by 0. Frosinn, OF 7 OF

instead of measunnq me DC-vonage alter
recuncanon. It ,s possible 10 measure the
healing 01 a terrnmatmq resistor by me AF·
power. Such cncuns are shown in Figures 3
and 4, and the two Interconnected circles reo
present a thermal coupling

A power meter is to be descr ibed that ope
rates accordi ng to the bo lometer prin cipl e,
and can be con st ruct ed wi th simple co m
pon ent s and tool s. The most Importa nt
charac teris tics are:

• The cali bratio n canbemade with a DC
vo ltage

• The meter co ntinues to use Its
linear scale

• Usabl e In the frequency range trom DC
10 several GHz

• 3 measuring ranges (tull scale):
10 mW 1 100 mW I 500 mW

• Accuracy : ± 0.5 dB

The only disadvantages are thai the mea
suring and cooli ng ph ase requ ire several
minutes, and m at sui tab le attenuators will
be required to measure higher pow er
level s.

HF ~.. ) - .
OF I" ,.,

~

50'= -,
II - I

METHOOS OF RF POWER
MEASUREMENTS

The normal way 01measuring AF-power is 10
recnty the RF.vonage across the consumer
impedance, Of a part of It and 10 mccate the
resuillng DC·voltage Figures 1 and 2 show
me principle of this in the form 01diagrams:
Home-construcuon is also possible, but the
difficulties increase With the frequency. In the
case of absolute-value moceuon II IS neces
sary lor the power meters to be cajbratec by
comparing them 10 professiona l power
meters

Fig. 1:
Olrect RF-vollage mea surem.nl
a t lhe load re sl,tor

Fig . 2:
RF' \lollage m.a, uramenl usin g
a dlrec llonlll co uple r

i
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• Fig. 3 :
Heal meaeulement tt Ihe load
re . l. lor utlng t te mpera lur.
d<tpendenl r..it lOt

Fig. 4:
Heal me.tulem..,t tl I.... load
retltlo r Utl~ a I~m~lemenl

!
•
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The hea l generated In the 50 U resist or also
heats a temperature-dependent reSistor or
thermo-element This venetco In the secon
dary Circuit IS evaluated. whICh means that
the power enecwe In the primary CirCUIt can
be indICated II IS completely Immaterial
whether the electr IC energy used 101 heating
IS a DC -Voltage. 01 allernallng voltage. or
whethel It is a tow·lrequency or a hlQh-fre
quency voltage. ThIS enowe the mete r to be
calibra ted With the aid of a DC-power.

Measunng errors resul t due to me dlllerence
between the impedance 01lhe term inating re
sis tor and interconnection cable. In other
words Irom too Iow a return loss , or too high a
standlng-wave-ratIO, However. when the
SWA remains below a value of 2, tt ns error
Will be less than 0.5 dB, and usually negllQlble
lor amateur econceteoe. These values can
be taken trom Table 1. whIChis given In more
detail since It IS not readIly avaIlable to all
radiO amateurs,

In order to complete thIs secnon . II should be
noted met all lour me thods 01 measunng
powe r are used In commercially ava ilable
power meters : Through.line and dummy-load
wattmeters suchasthQse 'rom ~Bild~ opera te
acrording to Figures 1 and 2. Power me ters
manufactured by semene and HP usually
ope rate according to the principle shown In

FlQures 3 and 4 For ama teur eocucetore.
virtually only wattmeters ope rating according
to princ iple 1 and 2 are available ; merr accv
racy IS very often unsahstactory even on the
specilled frequency range. Outside 01 Ihls
range ,lltS always necessary lor a recalibratlOn
to be made, whICh usually means that an ex
tra scale must be made on the meter Another
proctern With lhls type 01 measuring equip
ment IS Ihat the measuring diode is usually
destroyed at high AF-power leve ls II an ab
solutely ioeoncet diode IS nol available, il witt
then usually be necessary to make a new
alignment. and redrawing 01the scales

THE BOLOMETER

The construction details 01a renectcmeter In
(1) led the author to design a bolOmeter (hea t
meter ) as the heart of a very -accu rate power
meter, whICh was usable Irom DC -voltage to
several GHz , As can be seen In FlQure 3. the
power me ter ccosrsts 01three main medules-

Terminating resls lor (SO U)
Temperature probe
Measurll'Q-amplllier With readout

The construction 01 these is now to be cee 
cnoeo.



•Fig. 5:
Coula' terminating realator onto ....hleh
the temperl lure probe JI mountedr- owrn, SOmm

50n sold'lfE'd
N- Ilange I ~

co-oe c to- /"/

DF 7QF

Imfll' coeccctc-Ironpen)
50-0· res.stoe

Copper cone with
5 mm d,a disk

THE TERMINATING RESISTOR

Since the temperature probe IS In the form of
a Wheatstone bridge, one requires two ter
minatlng resis tors thaI should be as identical
as possible . The const rucuon is descnbed in
Fig . 5 and should be made as carefully as
possible . since me scecnceuons are mainly
dependent on il. ANer ccrrcrenco. the match
ing (VSWR or return loss) should be measu r
ed at the highest possible frequency . The
best one is then used as measuring resistor,
and the other as compensating resistor. The
values obtained by the author are given in
curve A of Figure 6: for comparison , curve B
shows the VSWR·run 01 a 50 U lerminatlng
resetcr manufactured by HP.

It Is now necessary 10 obtain two suitable
resistors. In order 10 ensure that low powers
can also be measured, It is necessary 10 use
a mechanically small version (providlllQ sutti
crent heal allow power levels) : 01course, uus
also Iimifs Ihe rallng toweros higher power
levels . The author used metat ecce resistors
manufactured by n raronc, type MLAo 0309f
50 U . These resistors do not possess hellcat
windings and are rated at 62 .5 mW , However,
Ihe measuring resistor has been loaded up 10
500 mW in Ihe described crrcuu lor more than
three years. and even overloaded up to se 
veral Walts lor short cenooe. NOoetenorancn
has been noted. II ctner resistors are used . II
may be necessary for the mechanical dimen
sions ortne inner and outer conductors to be
changed in order 10compensale for the Jumps
In diameter,

•
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Fig. 6:
MlIching 01 thlll l&l'mlnl Ung
,.lll lo r I ho....n In Fig. 5
bet....een 100 and 2300 MHz
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Return Reflection Matching Voltage Atlenuahon
loss teeter rector standing due to

wave ratio mismal ch

a,ldB m s oJdB

0.1 0 .988 0.006 173.368 16.42
0 .2 0,977 0,011 86.83S 13.46
0 .4 0 ,957 0,022 4S.436 10,7"
0.• 0,933 0.034 28.971 8,89
0.8 0,912 0.046 21.72S 7.74
1.0 0,891 0.058 17,349 6.86

I.' 0,641 0.088 11,S78 S.3S
2.0 0,794 0.11S 8.709 4.32
2.' O,7SO 0.143 6 ,997 3.S9
3.0 0,708 0,171 S.842 3.02
3.' 0.668 0.199 S.024 loS7
4.0 0.631 0.226 4,442 2.20
4.' O,S9S 0.2S4 3.933 1.90
' .0 O,S62 0.280 3,S71 1,6S
s.s 0,531 0.308 3.283 1.4S
8.0 O,SOl 0.332 3.012 1.2S
s.s 0.473 O,3S8 2.793 1.10
7.0 0,447 0,382 2.618 0,97
7.' 0,422 0.406 2,463 O,8S
8.0 0.398 0."31 2.320 O,7S
8.' 0,373 0."S3 2.203 0.86
8.0 O,3SS 0,476 2,101 0.86
9.' O,33S 0."98 2.008 O,Sl

10.0 0.316 0,S2O 1,923 O,4S
10.S 0.298 0,5041 1.848 0,40
11,0 0,282 O,SSl 1,780 0,38
11,5 0.286 0.579 1,726 0,32
12,0 0.2S2 0.598 1,671 0,28
12.S 0,237 0.618 1,618 O,2S
13 ,0 0,224 0.834 l,S78 0.22
13,S 0,211 0850 1.538 0.20
14.0 0,199 0.668 1.497 0,17
14,S 0.183 0.684 1.462 O,IS
15,0 0.178 0,699 1.480 0,13
IS,S O,16S 0,716 1.396
16.0 O,lSS 0,727 1.37" 0.11

! 16.S O,ISO 0.740 1.350
17,0 0,14 ' 0,7S2 1,329 0.09• 17,5 0, 133 0,766 1,304

~
18,0 0, 126 0,777 1.285 0.07
18,5 0 ,119 0,789 1.268 •

I
19.0 0 ,112 0.799 1,251 0.05
19.5 0 ,106 0.809 1,235
20 .0 0,100 0.819 1,220 004
20.' 0.094 0.828 1.208

; 21.0 0.089 0,887 1.193
21.S 0.084 0 ,846 1,180
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Betum Reltec1IOfl Matching VoUage Allenuallon

10" factor lactor standing due 10
wave rene mlsmalch

"'dB m • aldB

22.0 0.079 0.853 1.171 0.03
22.5 0.075 0.861 1.160
23.0 0.071 0.868 1.151
23.5 0.067 0.857 1.142
24.0 0.063 0,882 1.1 33 0.02
24.5 0.060 0888 1.124
25.0 0.057 0.894 1.118
25.5 0.053 0.900 1.111
2£.0 0.050 0.904 1,105 0.01
2£.5 0.047 0.909 UOO
27,0 0,045 0.91" 1.094
27.5 0,042 0.919 1.088
26.0 0.040 0.92" 1.082
26.5 0.038 0.928 1.078
29.0 0.035 0.932 1.073
29.5 0.03< 0,934 1.069
30.0 0.032 0.936 1.064
30.5 0.030 0.942 1.060
31.0 0.028 0.945 1.056
31.5 0.Q27 0.947 1.054
32,0 0.Q25 0.951 1.051
32,5 0,024 0.953 1,048
33.0 0.022 0.956 1.045
33.5 0,021 0.958 1.043
34.0 0.020 0.961 1.040
34.5 0,019 0.963 1.038
35.0 0.018 0.965 1.036
35.5 0.017 0.967 1.034
36.0 0,016 0.969 1.032
36,5 0,015 0.971 1.030
37,0 0,01" 0.972 1.028
37.5 0,013 0.974 1.027
,s.o 0,013 0.975 1,025

'8.5 0,012 0.976 1,024
39.0 0.011 0.973 1.022
39.5 0.011 0.979 1.021
40.0 0.010 0.980 1.020

ii•h ble 1:

~
Four dl" erenl ""'.YI 10 look ., mllmelch;
L..t column: AltenueUon ceuMd by milmelch

I
;
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CONSTRUCTION OF THE
TERMINATING RESISTORS

As can be seen in FIQure 5, the termlnallng
restslor IS constructed In COOlUnctlOfl wllh an
N·l lange connector. The Inner conductor oj
thiS connector IS lengthened USIng a melal
tube (Irom a ball pen) whICh also has a ore
meter oj 1/8 Inch The outer conductor IS
made Irom a thin brass plate by Winding thls
around a 7 5 mm diameter drill. alter whICh It
I' soldered ThiS arrangement results In an
Impedance 01 appro _lffi8tely 51 U IZ • 138
log 0 d)

The lacquer at the ends 01the resistor IScare
lu lly removed after WhICh the connection
wires are soldered out . since they are only
1 mm Irom each other In the ceramic body 01
the resistor II is now possible 'or the resistor
to be soldered onto the tInned mner-conduc
tor tube .

The outer conductor shOuld be cui at oneend.
bent out In the lorm 01a cone . and soldered to
the lIange 01 teecoonector as shown In Fig 5

The other end 01 the outer conductor IScut to
the same length as the l(lnet' conductor so
mat the resistor now protrudes

ThiS IS 100lowed by making a sullable cone
Irom 0,1 to 0 2 mm thICk copper 1011 whICh I'
then SOldered 10 the ouler conductor. The
narrow end IS linally soldered quICkly 10 the
resistor and a small copper disk oj 5 mm dla·
meter The temperature probe ISglued to thiS
disk alterwards with a quiCk"CIrylng glue

Both termlnallng resrstcee are now mounted
onlo a thiCk aluminium 'ront panel so thatlhe
connectors are accessible Irom the trent, with
a spaCing 01several cm Irom another. A neat
insulallng casing should be constructed.
which IS placed around both terminaling reo
sistors, This can be made Irom aluminium
plates onto whiCh styrene loam has been
gtued , ThiSensures thaI no sbort-term tempe·
ralure lIuctuat lOfls Will have an etrect 0f1 the
measu remen t

TEMPERATURE PROBE

The lemperalure probe CirCUlI given In Fig . 7
ISIn the lorm 01a Wheatslone bridge. NothIng
IS conl'l9C1ed to Input - K-: thiS reSIstor wll h
lemperalure probe malnlalns lhe bridge ba
lance dUflng slow vaflaliOf'lS of the amboent
lempera ture II. on the other hancl. power IS
PfOVided to connector - M... tre lemllnatlng
rElSlstor WI" heat the PTC·reslstor, wt1lch un
balances the bndgo , A IIOltage IS genera ted
between COOnecliOf'lS A and B . wh iCh IS eva
luated and Indicated

A silicon temperature sensor wllh a high POSI
tive temperature coeucrent (PTe·reSistor)
has been lound success lul as temperature
probe . Expenments With Nrc -resisters and
Withcrcoes.on the other hand . were nol sene
factory. Such a probe is lound in the Siemens
product range eersoeKTY la, With lour dille
rent tolerances 01 the ro moar resistance 01
2000 U : KTY 10 A: .t 1% : .....B : .t 2% : .....C:
.t 5% : ..... 0 : .t 10%. All lour classes are
SUItable; hOwever , the alignment IS easies t
when USIng lhemore e_penSlve.low- tolerance
types A, or B. By the way. the external shape
IS In the lorm 01 a plas tIC case SImilar to
TQ 92,

Due 10 their lOw lemperature ccertceets.
melal Olllde rOSlstors are used In the bridge
orCUlt 12 _ 2 kU . 1 _ 100 Q . and 1 II 20 U)
The 500 n polentl()m9 ler ISa ten -turn helICal
lnmmer potenllOmeter, and lhe 100 n polen·
tlOmeter is a carbon potenllometer WIth linear
cnerecteestc ThIS polentlOmeter can be
operaled on the Iron l panel The two2 kU re·
sts rors are coupled together therma lly USing a
stnp 01copper lOl l

The construction 01 the bridge cncun is made
according 10 Figura 7 on the rear of the heat
insulating case 01 the two lerminatlng rears
tors, and is not In the lorm ct e PC·board . The
vollage stabilizer 7806, however, musl be
mounted so lhat lt does nol hea t rtns case and
the bndga cecun.
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MEAS URING AMPLIFIER

As can be seen In Flg ur. 8, three Integrated
ampillier. are connec ted logethet In sUCh a
manner thai the common-mode SuppreSSIO!1
81P 2 IS brOUOhi iOvalues 01over 100 oe. The
gain is determined by only one resistor. and
bo th inputs have 8ppro_ima lely the same im
pedance

IIlype 141 II used as Integra ted ampllflet. Pin
5 01 I 3 may no! be connected, The gIven Ire
Quency respOnse compensatIOn need only be
provided when • lM 725 is used lor I 3

A 80 mm _ 70 mm PC-bOllrd was destgned lor

accommodating the amplilier CirCUitas snown
In Figure 8 (withOut small power supply).
whICh IS shown In Flg ur. 9 Sockets are pro 
Vided for the operational ampliliers The pc.
board IS SOldered InlO an RF·bght case. and
all connectlOOS are made With lhe aid olleed'
through capaCitorS

All lines are screened. and the power supply
ISalso screened In an RF·bght manner. smce
It was lound that the ampli fiers could be el ·
lected by spurIOUS RFvOllagos An abrupt de
IlectOO 01 the meier dUflrlO a measuremenl
Will show that an unwanled RF·vollage I' be
Ing rectified somewhere and Indlcaled Il thl'
IS rorc ee. lhe screenlOO shOuld be cheCked
and lhe lead' bypa,sed In a more efflclenl
mannor .

!
•

I
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ALIGNMENT

ReSIstor A", 1$ set 10 Its ma~lmum value,
polenllOmlets P 1 and P 2 set 10 8 center
poslllOf'l . and the fange SWitch set to positIOn

500 mW. ConnectIOl'lS A and B are connected
together and 10 ground The • Tnt. ,swltChis
placed in the -coen.. POSllIOl"i. after whICh the
power suppty of ~ 15 V (approxima tely
50 rnA) is SWItched on _

The needle of the meier 1$ now sel 10 zero
wllh the aid 01 P 1. Close the les t SWItch and
91'9" lhe IndlC8tlOf'l once again 10 zero WIth
the Bid 01 P 2. Th iS oP! lm lzal lOl'l 01 the cam
mce-rroce suppressIOn IS repeated and Im
proved In the 100 mW and 10 mW ranges

The snort-orcutt and the ground co nnection
01 points A and B are now remo ved . euer
wh ich they ate connected 10 A and B 01 the
brjdge cs cun . The test SWitch is closed in tne
500 mW range. and the meIer-readi ng set to
zero With me aid 01P.,.,. " POlentlomet er P.,.,. 2
is In 115 cente r posl llOn, and is only used lor
l ine ahgnmenl dUring pracl lcal ope ratlOl'l
This bridge alignmenl ISalso made In the 100

mW and 10 mW ranges . whereby lhe ampli ·
her is set to zero With P I , Wllh the ~ Test~·

SWllch open ,

The range SWllch now IS set to 500 mW, and
5 V DC-VOltage connected to lhe measuring
Input M. The meter needle starts 10 move
slowly. When lhe power across the SO U re
SIstor amounlS 10 500 mW according to
Ohm 's law, thIS value should also be indI
cated Aller a periOd of several minutes when
the needle slops movIng , " should be ad 
justed to read 500 WIth the aid 01 R"., The
large I,me constant IS the dlsadvanlage Ollhls
mea suring princIple

All er allowing several minu tes lor COOling , the
100 mW lu ll sca le can be adjusted Wllh A 100
(spmdle trimmer), and the 10 mW lull scale
wilh the aid 01 A 10. The requir ed vcnece U
can be calcula ted accord ing 10 Ohm 's law:

U \ ' P ~ A'

ThiS results In the lollow lng values '

100 mw: U 2236 V
10mW' U - 071 V
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FIg . 10:
The . ut ho" pfOloly~

II is advisable lor the whole ahgnment to be
repealed several hours later. II everything is
stable and working correctly, It is now pes
SIble lor the power meter to be Installed in a
case ,

FINAL NOTES

Before every measurement. me wattmeters
Should be allowed to - warm up«, Alter uus.
the zero alignment should be made Wl'h 'he
aid 01P 1 wl'h the - Tesl--swltch open, which
is then lcnoweo by balanCIng me bridge with
'he SWl'Ch clOsed wl'h the aid 01 P~.

As can be seen , 'he measuring accuracy IS
mainly dependenl on the accufacy oltha DC·
vollage used lor cahbrahon, on 'he accuracy
01 the 50 U resiStor up to the hlQheSI poSSIble
frequences. on 'he IInearlly 01 the PTC·resi
arcr. and on me accuracy 01the meter . Howe
ver, 'his should not stop you construcllng ttus
power mete, even if you do not have access
'0 high-precision taccretcrv measuring equrp-

Fig, 11:
In,IM ' fe 3 ae rNOld module. end • met "

ment. A good meter. and a good (borrowed)
munmeter - or better a dlgllal muUlmeler 
lor cenbranon Will allow you to construct a
valuable power meier that can be used also
lor mcrcweve measurements I

The authOr is also ell.peflmentlng WIth a mea 
suring and compensating reSis'or tha' can be
connected 10 the - external.. input ThiS is
even more Simple '0 construct. and seems to
allow measurements even in the 3 cm band

REFERENCES

(1) H. t.erenrnarer. OE 5 THL.
B Rossie , OJ 1 JZ
Precision Rellectometer
lor 0 to 2300 MHz
VHF COMMUNICATIONS 6,
Edl'lon 1/1974 , pages 2·17

(2) Fundamentals of RF and Microwave
Power Measurements
Hewlett Packard, Augus ' 1977
Application Note 64-1
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An Easy to Build TV Pattern Gcncrator

by L. Damrow. DC 7 EP

Panern generator' ar. very use ful lo r
ch ecking and ali gni ng TV·tran,mlller, and
rece iver •. W tler••• three board. lull 01
TLL.lntegrated circui ta were required
l ome year. ago (1). It I, now po s , lbl,'or
th is to be achieved u sing 8 alng le Inlegrat.
ed ci rcu it manulactu red by National. Thl'
Integraled ci rcuit Is deaignated MM 5322N :
It I, II pettem generato r in MOS·technolo
gy . whose power requiremen ts are only 35
mAat1 5V.

ThiS Integrated C'fCUl1 operates according to
the Amencan standard NTSC With 60 HZ/525
hnes.However,the aulhor has been operaltng
Ihls pattern generalor In conjunction With

eelA receiver, and has found thallhe output
signal I' Within the jock-m range 01mosl eelR
rece ivers - the line length only dill er, by
06 118,

ThiS means that the described CIrCUi t can be
used bolh lor lhose countries USing lhe US·
standard. and lor ucse countries where me
CCIA·slandard is used .

The integraled cecurt can generale 16 drtte
rerupalterns. WhiCh can be selected logether
With 8 frequency dIvider lhat can be SWitched
In BCD-code The IC also cc r aametnree rain 
bow pallerns. which can be used In coucoc
tlOn Withan accessory CirCUit 10form a NTSC
COlOur comoosrte Video Signal.

Fig . t :
T"- OUlput coupling
c.PKllo r " MP 1 lhould
be al . ma ll a. polSlble
so th at 1"- connect.cl
Irequenc y co unte , II JUI I
able 10 Indlca le .
The I wltc h al MP 3 ' I lo t
.elec tln" Ihe vertl CflI o r
hor lzonte' 1, lgge, pul ...
II MP 2. Val ue . nd TC 01
the ce ra mic capecllorl
edJac::enl to t"- cryl le l
depend on Ihe ac::luar
che rae le rlille l 01 the
crystalllH l!.
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Fig. 2:
The" 16 pattern. can be .el"ted u.lng the four ,wllche. conn"ted to Pt 1 • Pt 4.
Alilmag'l wer. lak. n In conjunctlon with . n ATV-trl n.mltter'l de.c rlbed by OJ 4 LB.

Since the majority 01 our readers are not in
NTSC·areas. the 'ollowing article is 10 be II·
mlted 10the monochrome (black/white) appli
cations 01 this circuit.

CIRCUIT DESCRIPTI ON

Figu re 1 shows the ccrnptete crcuu 0' the
small pattern generalor inclUding the external
componen ts, and also includes an enemenve
OSCillator Circuit The integrated ctrcuu IS pro
vided wllh the control signal lor the pulse pro
cessing. which usually uses a 378 kHz cvs
tar. The author' s esoenmente have shown.

however. mat It is eutncent for amateur radio
econcencoe to use a 455 kHz resonant crrcuu
Instead ol lhe crystal. In uus case . the reso
nant creon is tuned to 378 kHz and will pro
vide sumcrem stablilly .

A ccmposue video signal will be available at
pin 9 0' the MM 5322 N. which IS inverted and
amphhed In the subsequent widoband ampli·
her. With the aid 01trimmer A 1. il is possible
10 select me standard video level 011 V peak
to-peak et 75 U at the output connections
P1 8/P1 g.

The signal 'or conlroillng me colour burst can
be taken Irom pins 10 and 11 (pt 5 and Pt6).
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Figure 2 snows these 16 patterns in the given
order,

It IS now only necessary to study Table 1 in
order to lind out which pattern can be selec
ted with which BCD-number:

The requited test pattern can be selected via
pins 3-6 (Pt1 - Pt 4). The easiest manner ISto
use lou r toggle swrtcbes. with which one can
set the following valencies acco rding to BCD
code :

b bl . I :
H • Switch ope n
L • Switc h cloMd

A l G-pin Ott-socket is soldered Into Ihe board
lor accommodating the Integrated CirCUIt,
which Should not be inserted until all other
components have been mounted , All unused
connections 01 the resonant crcun lor the
clock oscilla tor should be removed belore
mounting ,

SPECIAL COMPONENTS

The PC-board should be mounted In a
screened case ener complenon. The cmen
sions of this case are 75 mm Jl 75 mm x 30
mm. The ope rating voltage and the connec
nons for the lour SWitches are made via teed
through cecectcrs 01appro ximately 2 nF set
dered to the side panel of the metal case . The
composite video signal is taken via a thin coa 
xial cable such as RG-174IU , Figure 4 shows
a photograph 01the author's prototype using
a ve rc-cce-o.

11: MM 5322 N (National)

T 1: 2N 1613,2N2219Aorsimiiar

L 1: 455 kHz·resonant cncuu
(Japan) white, veuow,or black
with bUllt· in capaci tor

C 1, C 2, C 3: Aluminium eiectrorync lor
5 mm spacing. or tantalum
electrolytic

C 4. 220 pF to 270 pF , styroflex
C5: 110pFt0 150 pF, styroflex

All other capaci tors :
cera mic tubular or disk type

All resistors for 10 mm spacing

Pattern

15 horizontal lines
Rainbow
1 horizontal line
Fine grid
Wide grid
63 dots
9 vertical lines
19 vertical lines
1 vertical line
Rainbow
7 horizontal lines
3 horizontal lines
Cross
Dot in the centre
Rainbow
285 dots

Valency 1
Valency 2
Valency 4
Valency 8

L
L
L
L
L
L
L
H
H
H
H
H
H
H
H
L

,4

L
L
L
H
H
H
H
L
L
L
L
H
H
H
H
L

2

L
L
H
L
L
H
H
L
L
H
H
L
L
H
H
H

SWitch to Pt 1:
SWitch to Pt 2:
SWitch to Pt 3:
Switch to Pt 4

L
H
H
L
H
L
H
L
H
L
H
L
H
L
H
L

i
• ALIGNMENT

I
t

CONSTRUCTION

The complete Circuit is accommodated on a
single-coa tad PC-board 01 only 73 mm Jl 73
mm. The component locations are given in
Figure 3 This board has been designated
DC 7 EP 001.

The alignmen t is also very simple. After con
necting a stabilized operallng voltage of 12 V,
It is possible to measu re a frequency 01
approximately 400 kHz at testpoint MP 1 With
Ihe aid 01an cscuoeccoe or frequency coun
ter. This can be brought to an exac t frequency
of 378 kHz with the aid 01 L 1,
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•Fig J ;
TM .lngle-eo.ted PC-~,d
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•

o

o

,
,,·•···

~·.i
"•

DC7EP
",.

,

=" ,. ' .
I: _ - --~

'"g. II •
·,

o

o

,-- - --::---=-- --::-- - - - ----,- ,

-- 1l

FIg ,4:
T.... unc:r.I~' e',curt can
.l~ be eon,lruelM;l
on • V..~boaIrd

!
•

• ~• • • !• • • • I• • • • • • • • • •• • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • •.....• • • • • • • • • • • • • • • • • • • ._. t• • • • • • . ..
233



!
•

111111111111'1111'11 III

~~
l.. L:.

Fig . 5:
OM 11M of ComPOllt. vloeo alg nl'
on I n oKilloKO~

Output PI BlPt 9 IS then terminated with a
75 U resistor and connec ted 10 an oscillo
scope The paMern generator is now SWitChed
lor ~ 19 verncet lines .. (ll l HJ. and the cecn
IOscope set 10 10 liS/em and the amplifier 10
02 Vlcm . The oscillogram given In Figure 5
should now result on the screen 01 the cecr
Io5cope The standard level of 1 V. IS set
With the aKl oj R 1. Thl' oompIetes the
ahgnmenl 01 the panem generator. The 75 U
r9$lstor should be removed afler alIQnment.

MEASURED VALUES

Opetallflg voltage :
12 V. stablllzed (11 · 16 V stablllzed is POSSI

~·I

OperatU'lg current 81 Pt 7:
35 rnA at 12 V: 60 rnA 81 16 V

Output impedance: 75 U

Output voUage (peak-to-peek] : 1 Val 12 V
1 II at 16 V

Frequency stability cttne LC-oscillalor dunng
operahorl'
VanallOn Of the frequency on Changing the
oPeI'allJ'lg voltage lrom 12V 10 16V: - 470 Hz

Dnft dUring the rust 30 minul(t5 :
less lhan 500 Hz

Drift after 30 minu tes cceratco.
less than 20 HZIh

The fOllOwing expenment was made to detet·
mine the permiSSIble tolerance 01 the OSCIlla
tor :

The panem generator DC 7 EP 001 was ceo
nected to an ATV·transrmner as descnbed bV
OJ 4 LB The transmtt and receve antenna
were bOth HB 9 CV types. On the receve
side . the author used a Microwave Modules
ATV-converter InconJUnctlon WIth aJapanese
TV-receiver

No dlfflculttes were observed on altering the
operallng voltage ctthe pattern generalo r be
tween 11 and 16 V.

SVnchronizahon was no longer poSSIble after
exceeding the follow ing frequencies: 330
kHz. and 393 kHz respectlvelV _

Stnce a freQUency vanatlOl1 of 63 kHz cannot
be expected even under the most unfavorable
condttlOl'lS. It IS left lhal the LC-oscdlator pro
vides a sufhctently good solutlOl1 tor amateur
reoo appllcatlOl1s

REFERENC ES
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A Wavcmctcr for the Frequency Rangc
23.5 to 24.5 GHz

by E. Schaefer. DL 3 £OR

The waY"meter lor Ihe 1.S em amateur
band to be described In thi s article Is
ba.ed on an older, Americ. n pu blication
(1). This wavemele r exhibit• • high r• • ciu
ucn and excellent reproducibil ity 01 Ihe
ca libration. Due to Itt ccnettvcuon. Ihe
wavemeter Is in.en,lIlY. 10 tem per al ur .
flu ctuation. . However. Ihe con struct Ion
requlr• • aome mech anic. l , kill , and ac
e. .. to • I.the with th reading cap.bIUUes.

SIOn was marked on ttns scre w WIth the aid 01
a eemcucie . and the coarse division IS

marked on the spindle case . The mechanical
stabili ly is not perlect due to the short thread
ed guide (play) ,

TECHNICAL DESCRIPTION

ThiS artic le is flf stly to describe the electrical
fundamontals: the mecneocet de tails regard
ing construcllOl'l are limited mainly to the resc
nance chamber with luning pin. and cetcat
dlmenSI()(lS are 10 be unde rlined No cano-e
nco scale IS oescnceo. since there are many
method s of dOIng this, ll is possi ble, lor in
stance, to use a micrometer screw or anomer
lorm 01drive - the autho r uses a home-made
micrometer screw. The usual, cecacc dlvl-

Mosl X and K-band wavemeteraceecnoec lo r
home constructIOn usually work according to
the seU-eahbraling prInciple (2) . (3) . The
wevecuoe wavelength A.. can be cahbra ted
from the inner dImenSIons 01 the wavegu ide
and the (hope fully) known and present wave
mode, This is then measured and recercuretee
to me free-space wavelength )0(1 ' and finally 10
the frequency to be measured alter consider
Ing the waveguide values

RUO / R J ZO
WR1.2 /WR211
~-

,n.,
!•

Fig. 1:
Prln<:lple of opere llon ,
end c:rllic.1 dl.....,. loo.
of e w.....mel ...
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Fig . 2:
Ch.rllClerllUCI 01 the e lectrlc.1 . nd
mlogll4l11c line. of field 01 • Ho,,-rnocM

The dIsadvantage 01this simple wavemete r 
Immaterial whether It is coaxial or waveguide
- is lis unfavorable lUning ratio ,\ lIh l. This
means a smal l veerauon of length .11 will
cause a relatively large frequency change ,\ !,
This result s In a noticeable lemperalure de
pendence, and errors dUring the measuring
process

The constrectoo 10 be cescnbec vIrtually
evoos these dIsadvantages. since the luning
length amounts to apprQlllmately 8 mm lor a
frequency vana llOO 01 23 ,5 to 24,5 GHz,

However. an accurate Irequency source must
be available lor ca lib ra tIOn.

The wevemete- operates With wave mode
TEol1 (also called Holl ) in a cylindrical cavlly
resonator. As can be seen in Figu re 1, the
frequency 10 be measured is coupled in Irom
Ihe wavegUide via an iris , The resona nce tre
quency I' increased on inserting the tuning

pin. It only causes a slighl lie ld distortion.
which results in a small ,\11,\ 1 In addllion 10
thts , the 0 is very high, and is in the order 01
approximately 5000 to 6000 In me case otrne
loosely coupled resonator. II all components
are silver -plated ,

The syslem is des lgna led as a hybrid due to
ItS part Ial, coaXIal constructIOn Since rad,al
currents are present In me termmallng panels
wllh the TEoI ' wave mode lor both cceoer
and cavity resonators (see Figure 2). II IS
poSSible lor me tUning pm to be Inserted
through a central cutout Without terminating
choke or coniact finger, and With a gap
spaCing 01 approxIma tely 0.1 10 0 15 mm .
ocoosne 10 tne tUning pn the cavity resonator
is term inated USing a choke-system, thaI is
filled With lossy material. This is provided 10
avoid higher, unwanled wave modes, The
protruding end ot me crokeopposne to the lU
ning pIn is ,n the lorm 01 a small cylinder (4
mm ee.. 1.5 mm long) , as shown m FlQure 7.
ThIS linearizes lhe tuning curve etme h19hest
Irequency (Iully Inserted).

CONSTRUCTION

The dimenSIons given In Figure 1 are the cnn
cal dimensions . and musl be mamtamed as
accurately as posSible , They are valid lor all 3
Iypes of waveguide thaI can be used (4) .

Figure 3 shows me const ruction and gives all
dimensions , The indiv idual parts are given m
the follow ing draWIngs,

'$
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Fig. 3:
A mIcrometer ,.Ii,tying
Ihe ,"!ui,em.-n l, I, llt1ed
10 P.rt 2 .nd P. rt 3



The ca"'lty resonator (Part 1, Figure 4) is
made Irom a brass tube 01 20 mm It 1.5 mrn
This is cut exacuy to the required length, and
provided with a thread of M 2Olt1 . This is the
same threading as used for the wen-known
-spmner plug ~ 3.519.5. The choke holder
(Part 4) and the cover with threaded bushing
(Part 2) are screwed together using such
nuts . The cover (FIgure 5) and also Part 4 are
provided with a crimp and are flfted without
play Into the resonator chamber (Part 1). A
sltght play can be compensated lor if neces
sary by using a galvante. euver-platlng .

~
,

j ' rI,-
I :
~ c ---
" " .,.

CDI I -, I ,r -, 0

I

/ 1 MClI.r ,OI

-, - <7 ~ Bran
.... ,• •! _ 18
Fig. 4:
Th. Iwo Ihr••ds It mu. l III lh . req uired nu t. ;
th e m illing musl . uit lh. w..... guide 10 be used

•

The tuning pin (Part 3. Figure 6 ) is held hrmly
In the very long thread in Part 2. A temperatu
re-stabre grease can be prO"'lded to ensure a
smooth run. however, ettenncn must be paid
that no grease can penetrate into the resona
tor chamber .

A metenet (Part 5) is glued into the choke nor
der (Pan 4, Figure 7) that elthlblts a large loss
at micrcwave frequencies , SUitable matenars
are peennex. bakelite, plastic materials con
taining graphite. or a special microwave
absorption ton.

Fig. 5:
Plrt 3 I ho uld be he ld ...irtu .lly without pl.y
by the long M &- lhre . d

!•

,
-d-"""',-q

- I
J] I I II Ma,."ol
i l1 u I 8rOil

-I68 ~ 0
[':1

~ I r L • •

i", I 12 -J0
l ~-- -- ,

I I,
Mat."ol BrOil

Fig . 6:
Th••ll.ns lon 10 Ihe rlgh l I. depend. nl
on lh . microm elM u, ed

Fig. 7:
The cho k• • Ilenu.tes un w.nted w..... mooel
us ing e lo..y mller lel (P. rt 5)

I

J I ,
"I
I

The width 01the milled siotm Part 1 is depen
dent on the waveguide to be used The author
used waveguide R 320iWA 28, The position
and diameter of the iris cutout are meepen
dent on the type of waveguide, A dip of eporo
ltimately 40% results when uSing the des
cribed iris.

A Wide Side of the wa...eguide is removec : the
size is dependent on the nat surface 01 the reo
sooator. which means that the resonator re
places the walling of the waveguide. Wa...e
guide and resonator are soft-soldered to
gether at the end 01 construc tion. Aesidual
solder and f1U lt should be carefully rerno...ed
afterwards .

The caubranon scale depends on the possibi·
lilies and requirements . In the case 01 the
author's prototype. Part 3 is pro...ided With a
home-made micrometer screw head in which
a divtsrcn of 0 10 90 in steps 01 ten, With a sub·
division in Qhatf steps of ten- has been
marked Part 2 is provided with Ihe cones
pondlng, linear millimeter di.... rsron
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Part 2 can also be mocl!llOO for accepllng an
available depth-microme ter. WhiCh, 01course.
means ,hat modtftCallons must be made to
Part 3

CALIBRATION OF THE WAVEMETER

As has been prev Iously menhoned . an eccu
rete-cenoretcn OSCIllator, or an OSCillator 10
gether With another , 8 lt8Ctly cali bra ted wave
meter is required lor calibrating the rcene
made wavemeler. The resonance frequency
dIp is now sough' WIth the aid 01a ccooect
ec . detector probe . ThiS IS repea led 10f the
whOle frequ ency range, and the rescu IS a
eanbrenon curve Similar to met ctthe authOr's
prororype shown in Figure 8

However, the author's prototype is somewhat
100 long due to tolerances in me resonator
chamber, Furthermore. the cyl inder on Part 4.
WhiCh shOuld be 1 5 mm long. is also misSing
For IhlSreason. the cahbralJOO curve is sone
what ben t towards the high- frequency end

However, the 24 GHz amateur band IS In tho
range 01 24 0 10 24 250 GHz, WhICh IS slill
covered tn a Virtually linear scale With a tUning
range 01approxlmalely 2 mm .
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Line-or-Sight Microwave Communications

by H. Schlager. Of. 3 HSC

Th is ertlcle require. l ome knowledge 01
tr igonometry 01 I n obllquo-angletd Irlengle
ee tne ' the li e' lurflee profile <:.In be COf·
reeled for by the curva tur• . The required
terms . 4 3 curv.lur. or the ••rth . end
"Fr• • nel zone_ . r. to be d. scrlbed.

All elements of lhe triangle are now delemun·
ed lhat are reqUIred lor further calCulatlOl1S A
general potnt (base potnt , F can be calCulated
that IS spaced b l rom base potnt F,. as welt as
the hetghl h at the ,adlO beam, and other
lhlngs

From the value b' _ F,F the following will re
sun '

From the rule - !he sum at angles - 180 ..,
the tollOWlng will reecn

The tnangle M. H 1, H 2 IS determined by tho
three values r -+- 1"1 , . r + 1"11• and II (see Fig . 1)
The angle II fesulls trom the arc F,F, ( bl ,
and the dlslance (ORBI of In& twobase potn ts
F j and Fr.

" .
"

b' J{ <t
• "T"

where: r • ,ad lus 01the earth, to be explained
laler,

'I - 1aO" - (u ' t '11)

The stratght line H , lIInd H1 I' thus calculated
8CCOfdll'lQ10 COSIne law as follows-

A - H,Hr •

Now . q , Is delermll'lod as the next calculatIOn,
using the cho rd formula '

If + 1"1 , ) -+- If -+- hi ) ... A
• • 2

!
•

I
l

m

••
" " ,

" ", -,
" "

•
Fig. 1:
Trf9OnOme lry of ,"- obllq~.ng'-<l ''''ng''
H,H, _ .to; F,F. _ b ; F,F _ b '

S tl - (r t h , )1
A I{ (F t ~)

II IS now posSible lor the sum 01 the stde
leng ths (circumference) 01 the triangle to be
calculated. and 11"1,. wIll be called crccm
terence • 2 s-

'.'eos 
2



WIth this and sine law It is now possible lor
the unknown side 01 the small triang le H ,MH
10 be caeuteteo.

h

~.~
Sin lh SIn q

(h , + r) $In q t"- - ,

f ig . 2:
The point. 0' InterwctlOn ... now tr8n.'......:1
'rom the li .... 01 he+ght on the m.p with the
.id 01 IOdI1lon.lll.... onlO the mm'plpet

THE TERM 413 THE EARTH
CURVATURE

The propagatloo 01electromagnetic waves in
space and in a homogene atmosphere IS a
, Iralght line.

The value 01 the relative dleleclrlC constant
vanes with Increasing height In lhe air layers
near to the eortece. Qrle wllI l.nd a gradlenl 01
the rellec1lve Inde x (..'iN) that ISdependent on
the temperature , and even more on the hum.·
d,,,,

-- h,

I
p, ~ po,

h,

0 ,

/'
[)oo-Io ,Md II'qlI """'" .....

fig . 3:
Oetli~ m.p••hould bI obtllned tor the
CritIC" point. 01 the communlc.tion pith

TtllS gradient is lound In the equanon lor the
ettecnve diameter 01 the earth (1) :

Acco rd ing to CCIA. ;\ N does no l diller greally
Irom - 40. which means tha t k IS 1,34 . whICh
corresponds 10 4/3, and roll • 6488 km

The value ot ..'iN is (usually) negative . whlCt1
means that iI is normally more humIC! near lhe
surlace and decreases with helghl

The anomal.lles of IhlS reeecnve IndeX are re
sponSible lor the troposphenc over·the
honzon commuOicallon, whId'I IS SO uselul on
the 2 m band

The hne-ol-srght orientated 10 the curvature 01
the eenn ISnow inserted .nlo the strarghl pro
hie as a dol approxima tely every 25 km
(Figure 21

ThIS IScommenced by oblalmng a map With a
scale 01approximately 1 500 000, There are
some maps available which are only prOVided
WIth lines 01 height, and lakes A line is now
drawn between the two requi red po inlS (pro
jecnon in the secuonat plane). A page 01 mm 
paper is now fixed approxima tely 1 to 2 cm
Irom thiS hne.

THE PROFilE OF A COMMU·
NICATION PATH

+ 637 x N x 10 3

r_ x k, where

k

,~ .
i
•

I
l
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Fig. 4 :
The Fr••n.llene Ie .n . 1IIpH eround
the redlo .,.em from H, to H.

All points should be checked al which the
radio beam IS in lhe vl(:lmly oune protrle. This
requnes the Sludy 01more detailed maps tee
proJ( . l : 50 000) Irom whiCh the exact posi hon
01 H" H. and H1 can be determined. These
maps provide lines 01height every 20 m.

It is best 10 provide a grea l cncie lhrough HI
and H2 and 10 sludy the exact path 01 the
radio beam on the more detailed maps. II is
thus possible lor the actual heigh l accve
ground to be determined.

"

.'
".

GREAT CIRCLE

The equancn lor determining me width 1\, of a
potnt on lhe grea l Circle Irom H, Ii", Ii,) 10 H1
(Al , ril) wllh the poin l of Intersection on the
meridian ,_, is:

An example is given In Fig ure 3

The helghl above ground for H can be read 011
hem the map .

FRE$NELlONES

Fading 01the Signal due 10 multlpa lh propaga
tIOn IS wen-known in mobile eomrrencatcn
Similar ettecte are also observed when a
s'9nallrom a IIxed staten at ecencn H, is nol
only received on lhe direct palh 10 iccaton H1•
bu l also, partia lly , via a reuecuon. rtus Will
cause a com ple te cancellation 01 the signa!
when the Signals are 01equal amplitude and
opposite phase.

ThiS means thai II is not only necessary tor
direct IIne-oI.S1ght condi lions 10 be present
between Iransmiller and receiver, but also 10
ensure that there are no reuecncos present
With a path dillerence of )J2 (or odd mutllples
of thiS),

Fig, 5:
Th. criUce' . peeing • I. celculeled
.ccordlng 10equetlon 2

FIg, 8 :
"n",hlng prolrucllng lnl o the Fr• • n.1
Ion. ""III ceu.. eddillonel 10. ...

The geomelflcal location (Ihe assumed jOin·
Ing) 01all these comts is an ellipse around the
radiO beam, whose local pomls are H, and H1.

This zone is called Fresnel zone (see Fig. 4/.

The SpaCIng ..a .. 01 rne ellipse aroond the
reeo beam can be approximately given for
any point 01 the path by the loIlowlng (see
Fig ure 5):

b ' J( (b - b ')
[b ' + (b - h'I] J( I

Wllh a In m, b in km, I in MHz

Anything protruding Into thIS ellipse Will m
crease the path loss by 6 dB on approaching
the Itrsl Fresnel zone (see Figure 6.) up to
the radiO beam , and bv 16 dB when culling
the radIO beam (Fig ure 6b)

•

241



125
1M

)
15

so
"

0
,"

,
~

I
I

';1
I
-

I
-

-

'" -"..._
.....-

I
DE

1
H

S
(

r-,
-

•
<

,
!I

,
f

ii
-

i
,

A

t
'

1\'
t

-
c
-

-!
-

l
--

•
II.

I
I

I
I

•
r/

,
;

\1
~

1-r-\-
/-J

-
i

I
;-

I
-"

I-
1I¥!

,/,,\
~

'M
'I

I
,

......- ,."
~"

•
•

.h.
I

,
n

•
...._.

-

I
I'-.

,0
.

Ii
- ,.

Itl-.,,~
-<

.
~

•
~

ft
!

J
t.I'l

•
IP

i
.
.
.
.
.

b
,

-
- - .......



These values are acld,hOflal losses that musl
be taken Inlo ccoeoerencn on calcula ting the
path loss along the conrnumcancn path.

FINAL NOTES

The given ceicoieucos can be made eeerest
uSing a programmable calculator, Program
med card s tor the HP 41 c can be provided at
cost. Finally, the author would like to show
lhls cecorenco in the term 01 a precncar ex·
ample : Prolile and Fresnel zone ccesoere
bon 01a commumcallon path In Austria lor 10
GHz communtCallon over t 87 km - This is
Irom the Erzherzog·Johann·HUlle 00 the
Grossglockner to Fensteralpenglplel in DE 6,
Both polnlS are readily accessible using a
cable railway. or road,

One Will see In FIgure 7 mat one part 01 the
palh is In the erect viClmty orme radiObeam
between 13 20' and 13 35' East

WIth lhe aid 01the equallOl'l given In the sec
tlOO ~ G reat Clrcle- , the points ollnlersec llOl'l
01 the great Circle Idet e rrnmed by H, and H2 )

were eetermmec lor the meridians 13 20' and
13 '35'. These were 47 07'55" and 47 09 '15"
These cocrcoetes have been marked in tne
detailed map (FIgure 8) and JOIned wllh a
pencil line. This allows the line prollie ol lhls
eectco 01 the path to be drawn. and IndlC8tes
that the IIrst Fresnel zone is not enected The
height 01 the radiO beam amounts to 2523 m.
and the heighl 01 the moontem is 2470 m
according to the map. ThiSmeans that more
IS a spacing ot 53 m between the recro beam
and the mountain peak

REFERENCES
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Aichllunkverbindungen
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(2) Carl: AlChllunkverblnc\ungen
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Colour ATV-Transmissions are no problem
for our new ATV-7011

Tel . 09133/855 (Tag unci Nachl)

!
•

I
t

---
• '0

SPKIIlcallo na :
F,equer'ICIftI . crys;lal-conl,olle<l
Video 434 25 MHt . Souncl "397S MH.r
IM·producta (:ltd order) : ben81 Irn-n - 30 dB
SUPPl'nllon I)l OSC I,aq and ,mage
bener than - SSdB
POWOf-oo lpu l. unmOOulated typ , 10 W
Delive ry: u stock 10 e weeki (standard model)

k QJf;;<I/'Htechnik r."yD. Brttan . Jahn,". 14 Po,lIach 60 . D-6523 8a/.",do<1

The ATV·701, .. I prolelsoona' quality ATV tranl
m'" 81 lor ,he 10 em bind It II only nece...ry to
connect a camera (monochrome or colour). antenna
and microphone , Can be opetatedIrom220 V AC or
12 V DC The standa,d uM op8Ia'n acc:otdlng to
CCIA. tJut othe, lIanda,dl are available 0I'l '8QUn,

The ATY·1011 II a rurl he f development 01ou r ,el i
able ATY·7010 With eener spe(:l hca tlOnl, newerde
Sign. and Imatle, dlmenllOfll , II Ulel a new I yl te m
01 Vldeo-tound combll'lllhon and mOOula\lon , It II
also su'table for mobtle op8Ia tlOl'l lrom 12 V DC or
lor ".ed opefabon on 220 V AC ,
Prjc. . OM 2750 .00

The ATV·101 1 Iso.vallable lor brOlldca.llJng use
belwftn "10 MHt and 500 MHt . ancla tlUmbef of
Iuch unl 'S a,e In cont,nuoul operaloon In A,rca
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A Versatile IF-Module Suitable for 2 m
Receivers, or as an IF-Module for the
SHF Hands

by F. Krug. OJ 3 RV

!
•

' 44

Ah hough rnodWn r-e"ver. . r. able to
u tllty the aV«age nHd on the shOrt·
weve, 2 m. and 70 em blinds, thlty dO l lill
not u ti sty • nu mbet' of ct.fnanda such ••
large-al9nal handling CII p.11 b1liU.I.

Virtually no r• .cty-lo--opMa'e~ujprMnll.

I vailable lor the I mlltNt blind' In exc• • •
01 1 GHz. Thl' mean. thll there I, , till
room 10f' • • periments end home con ,lruc
tlon. MOlt 01In. ecnetruc uener art ic l• • for
the mlcrowl ve blinds , however. only ct. s·
C"be convert.,s thl' req uire I ah Oft.lve
01' 2 m r-eel...., •• IF-module, "' (1). (4) .
Unlor1une'e'y, meny of the amlteu r rec . ...
ve,1 .... not l ullabfe lor UN lor suc h
_pplle-lIona.For Instlnce,lhey .... uI Ulilly
not "rHfMd well~h to Ivold bre ak·
through of , .... MHz or 28 MHz Ilgnals.

A receive, or IF·module 'I requ ired thlt
c.ln be uMd lor I II operating mod••, end
wh ich I, a b le 10 saUl ty lhe high d4tmlnda
on Inl erm odula tion, rejection 01 slgns ls at
IF-level, and rejection 01 I purloul recep
tion polntl . Remem ber, no convert er II
be"er than Ihe l ubleq uent receiver or IF·
mcduie. A sultl b le IF-mOdule can be
home-con ltructed , I nd the followin g
lertes II to desc ribe l uch II hlgh-qullity
IF·module.

A rec91ver IUIlable lOt uae as an IF-module
shOuld be able 10 demodulale all ClP9l'al 'ng
modes encoun tered In amat9lJr reee . ShOuld
have Iow·notae cIlar&C1enshcs. and e_hlblt a

high overload and IfIIltrterence re,ect1CWl The
toIIowlng demands Ihoukl be lu"lled

a) Oernodo..AtlCWl of all opefat.-.g rnooes
used tor amaleur radio appllcahOns

b) The bar"IdMdlh should be vanabMt10sull
an opefatlng modes

c) The ga.n control AhOu'd be sullecllor
each operahng mode

dI Good SUppresSIOn ollnterterence pulses
and spurIOUS SIgnalS

e) Vanable S6f\5ltlVlly

I) LownQIse

g ) Freedom 01aput'IOUS receptlCWl poenlll

h) Good ovettoad charac1ensllCS WIth
respect to SIgnalS WIthinand outSIde 01
the passband

01 course, one Will oct be able 10 aNOtd a re
cerver thai salls lles every demand Dpllmumly
The coeceot IS deSigned lor normal amateur
radiOcommunlC8Il()(l, but can be eoeoeeo as
reqUIred by addIng accessories , Inputs and
oulpuls are provided in the module IOJ this,

Demand s I) 10 c) delermIne Ihe e_lonl 01me
IF-module, as well esme number 01cemoou
Ietore and lilters. whereas demands d) to h)
cererrmne the charaClerlstlCS01the inpul err
curt 01 the receiver. In the case 01 the lalter
demands , a number 01 CIrcuits have been
descnbed ,and the input CIrCUit can be realIzed
With an ,npu1 module thai has already been
descnbed In thIS magazine. The subseq uent
IF·module II now to be described In delall



1. RECEIVER CONCEPT 1.1. Cha rac le rlsllcs or the Rec e' ...er

As prevIOusly menho ned . ama leur radio re
ceivers are usually used as IF·mOdules In
conjunction with a microwave converter. In
orde r 10 ensu re sufficient imago rejection.
usually 144 MHz receivers are used ThiS has
the advan tage that a cryslal-eonlrolled aSCII·
tater can be provided In the receive cowener .
The reqUired ccer-cecmstcr Signals required
lor conversion ere generated In a crystal
osci llator With subsequent mcncner such as
deSCribed by OK 1 AG In (5) .

LeI us e_amine the reqUired recerver cne .ec
tens tlCS in the order 01 the pre ...ious ly men
tiOned ce mencs.

a) Operat ing Mod es

Bolh amplitude and Irequency modulatIOn IS
permISSible 'or amaleur radio cownemcet
ions . The reQUired bandwldlh lor lhe venou a
ope rating modes is summa rized in Table 1

Operating Mode Bandwidth

The disadvantage OllhtSISIn the direct break·
through 01 Slrong 2 m signals , The receiver
shown In Figure 1 Is suitable lor such IF·
applications. A further enemeuve is 10 use a
subsequent receiver USing a h~ed frequency
01. lor ins tance , 80 MHz as shOwn In Fig . 2
I ne~penSive . high-Quailly crys tal I llters are
now avallable whICh allo w the ad...antages 01
thiS concepl 10 be used to the lull.

Tele"' IsiOn
VOice
VOice
FSK
FSK
FSK
VOiCe (SSB)
Teleg raphy

A5C
F3
A 3
F 21F 4
A 2IA 4

F '
A3J

A'

4MHz
15 kHz
5kHz
5kHz
5kHz

2.5 kHz
2.5 kHz
05 kHz

The only otrererce between bolh concepts IS
In me input stage since they both use the
same IF·mod ule

II television Is deleted due to me largo band
width, tho fallowing modulation modos musl
be demodulated in the recer...er : A 1, A 2, A 3.
A 3 J , andF 3

rtns artic le is now 10 ceecnce the concept
shown in Figure I , and the second conc ept
will be ceec ncec as e_tenSlon 10 thIS later.

Special demodulator s, and Signal proce!l!llng
are required lor F 1, F 2, F 4, and A 4 Signals
ThiSmoans It is bett er 10pro...ide a special IF·
oulput lor them.

i
;

Fig . 1:
Bloek dl.gllm 01 In. 2 In 111<:. 1....,.

IfMOOUlE EJ: .- -<

r-J ;:-;;: 1-1'---fi1~I§~E}
I ~+- I : OJ 'RV G
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" b) Bandwidth

As can be seen In Table 1, the required nuer
bandwidths are 15 kHz,S kHz , 2.5 kHz, and
0 ,5 kHz . The selectivity characteristics are
determined by the quality 01 the filter s

c) Gain Co nl ro l

The gain control of the IF-amplifier musl have
a variable time -constant. as well as oper a\lng
as limiter with a high AM'suppression in tne
FM·mode. A variable sque lch for the AF
amplifier is also required .

d) Interference Suppression

A good Interference suppre ssion require s an
euecnve noise blanker before the rr-nners.as
well as a Notch-Inter in the IF-amplifier , A fur 
lher e uertereoce suppression at AF-Ievel ener
cemocuranon is nol advisable.

g) ReJtteUon 01Spu riou s Recepti on Points

This is achieved by use of suitable cecuu
technology for suopressmq lhe Image fre
quency , and selec tion 01the correct frequen
cy plan . The image frequen cy suppression
Should be grea ler then the gain control range
01the IF·amplilier so that no image frequency
signal s can inter/e re under lull 'galn concr
tone of the iF ·amplifler. The frequency plan is
ceterrmnec by the selected mtermedtate fre·
quency . whiCh was 9 MHz lor our application .
Mono lythic crystal lilte rs are available inex 
pen sively for the various bandwidthS,

In the case 01the urst concept. the image tre 
quency suppressi on is cetermmeo by the
selectivity of the input circu it using a band 
pass Ilite r. in the case of the second concept.
it Willbe determined by the ultimate setecnvity
01the 80 MHz crystal filler . One Willnotice the
disadvantages cune test concept : The image
frequency suppression should be in the order
01 100 dB Jl the dynamic range of the IF·
ampliher is also 100 dB. However, this canno t
be achieved With Simple means with an input
module that is tuneable over a range 01 2
MHz. When using a li_ed frequency in the se
cond concept. such values can be achieved
uSing relatively narrow-bane lilters.

!
•
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e) and I) Selectivi ty , and Low Noi se

The IF-module should provide usable signals
at an input voltage In exces s of 0 ,1 I' V. and
pos sess a dynamic range of 100 dB , The gain
of the input module should only be great
enough 10 compensale lor the noise figure of
the IF-module, In order to en sure thaI the IF
modu le can also be used as a receiver . it
must be sull iciently sensitive and have an m
put Impedance of 50 U. The input impedance
should be sumcrem so that an input signal 01
0.5 IIV Will provide a satisfactory signal alter
demodulation. An input dynarru c range of
appro_imalely 100 dB can be obtameo techni
cally . and Will mean that the rnenmcm input
voltage for the IF-modu le Will be in the orde r
01 50 mY . Greater signal levels should be
attenuated using a variable enenuator in front
of the input ercun. This ensures thaI the IF·
module can be used as complete receiver
when the qam of the Input CIrCUlt IS in the
order of 15 dB

The image rejecucn of the converter must be
taken into consiceraucn when operating me
receiver as rs-moouie. The high inpul tre
quency 011 441146 MHz (or 80 MHZ) gua ran·
lees that a good suppression 01 the image
can be made in the converter.

Th e rej ect ion 01 spurious reception points
Is not on ly dep endent on th e clrcutt , but
also on the cons truc ti on and sc reening 01
the modules. The mech an ical ecnetruc 
lion 01 suc h a module Is cons ide rably
important for operation, and go od work·
man shlp Is req uired .

hI Overload Rejection Charac teris tics

A low-noise input crcun having good ovenoec
che-ectensncs requires a large , linear drive
range. SUitable solutions were cescnbeo by
DJ 7 VY in (6).



1.2. Descr lpUon of the Block Diagram

The block diagram 01 the receiver shown in
Figure 1 is mainly equipped wllh modules pre
viously desc ribed in VHF COMMUNICA·
TIONSI The inpUl cncuu OJ 7 VY 002 was
cescnbed in (6). It is used wenout cvstar-con
trolled oscili alor and nOise-blanking gate. The
local oscilla tor signal is provided by the vana 
ble oscilla tor OJ 7 VY 004 desc ribed in (7).
The frequency reeoout is made With me Ire
quency counter OK 1 OF 044/045 desc ribed
in (8). The norse blanker module OJ 7 VY 003
described in (9) is directly connected 10 me
mixer output 01the Input cecun . II is nol absc
lutely necessary for the operation ottne unit ,
and can be provided enerwerce. il required.
The output of the mixer and the inpul of the
IF-module both have an impedance of 50 '2
and can be directly connected. It is necessary
lor all modules With RF.inpu ls and outputs to
have a real impedance of 50 U . so that inter
connections can be made wllh conventional
coa xial ccnnecicrs and cables . This has me
advanlage that no unwanted coupling can
take place between me individual modules by
radialing hnes. and mat the lengl h of the
cables Will nol have an adve rse euect on the
operation of me circuits . A further advantage
is the ease of checking the individual modu
les, Since most RF-measuring equipment
possesses an input impedance 01 50 U .

Due 10 the defined inpUl impedance, the sub·
sequent IF-module requires a matching am
plif ier 10 match me input cirCUit 10 the crystal
IIUer. The swrtchable crvetarnnere delermine
the Irequency response. The author plans 10
use monolythiCcrystal !IUers Wi th bandwidths
of 15 kHz, 5 kHz, and 2.4 kHz, as well as a
discretely constructed CW- filler With a band
width 01500 Hz. However, other fillers having
a SUitable size can be used it other band
widlh s are required .

The subsequent. ccononee IF-amplif ier IS
eqinpped With dual'gale MOSFETs and is
also provided with a switchable Notch litter. A
sepa rate demodulator is provided in the IF·
ampli fier lor gene ration orthe control voUage,
which then also drives the s-merer. rtue en
sures lhal a mean level IS always present al
the output 01the amplifier independent of the

moduranon mode. This IF·signal feeds Ihe ce 
modulators and a buller ampliller for ovtour 
ling me signal. The output signal can then be
further processed wrth the aid 01 accessonea.

Demodulators are planned lor FM, AM, and
SSB/CW. The FM·demodulator is fed via a
limiter ampli fier, and is equipped wllh a crys tal
mscnmmetcr.

A synchronous demodulator is used for AM.
This exhibits a better «uerte-ence rerecnoo
than when USing an envelope demodulator,
The cemooutanon of SSB/CW signals is
made In a push-pull mixer . A BFO supplie s
tne requi red helerodyne signal. It is equipped
with two sideband crystals , and a cw-cvsret

The subsequent AF·ampliher provides out 
puIs lor headphones and a loudspeaker,

1,3. Ellt ension Po ssIbilities

The construction 01 the module is made so
met a number of extensions can be made ,

Further demoo urators can be connected 10
the IF-oulput. such as an FM·demodulator for
FSK-signals having a lower shitt. and this will
be described later. It is also possible to con
nect a monnor for checking modulation, The
outputs of the BFO· and local oscilla tor signal
can be used to extend the receive r to teen a
transce iver. A suitable module for this is being
developed by the author at presen t.

A further extension otthe receive r is 10 use an
Input circuit as shown in Figure 2. This ex
lends the 9 MHz IF-module by a 80 MHz input
circuil. As can be seen in the block diagram, a
variable attenuatceis provided at the Input to
decrease 100 high an input level. This is rene
wed by a low-noise, emcnuer wllh good over
load cnerectensucs. which is in furn fol
lowed by an 80 MHz crystal filter Witha band ·
width of 15 kHz. The signal is then led via a
noise blanker 10 the mixer where II is convert 
ed 10 9 MHz Wllh tne aid 01a tocar-cscmatoe
signal 0171 MHz.

•

••
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An output SIgnal lor the rose blanker. or lor II
panoramIC receiver is lapped off aner the er
lenualor . The Signal processing lor these IwO
modules IS made 8\ 10,7 MHz and 455 kHz
ThiS aVOIds any possible Interference 10 the 9
MHz CirCUlI. The Imago frequencies 01 the 9
MHz or 10 7 MHz conversion are WithIn TV·
band I, and are suppressed With the aid 01
bandpass mteee.

Th is fOSUnS In 8 versa tile IF-amp lifier. II can
form the basis 018 micro wave receiver. or a
variable shortwave receiver from 100kHz to
30 MHz

2. MODULES OF THE INPUT CIRCUIT

The onglnal modules ct me input crcun altha
recerver shown In Figure 1, were slightly
modi fied. However, the data and values givon
in the original descriptions (6) • (9) are stili
valid. which means that only the moc:lillcallons
must be drscuesec.

2.1. Inpu t Module OJ 7 VY 002

The input modu le described in (6) is con 
structed WithOut the planned rcee blanker
and Wi thOut the crystal-e:ontrolled oscilla tor
and doubler. The oulpu t coupling IS made
directly er lhe miller With the aid ot a 50 U
cceder connector. The Input coupling 01 the

lOCal OSCillator Signal IS made at lhe Input 01
nner F 4 . The modified CtrCUl t originally given
In (6) is given tn Figure 3 A gain 01 14 dB was
measured on lhe authOr's prototype at the
center 01 the band

2.2. Oscltl ator OJ 7 VY 004

Since the receiver is 10 be driven Irom a
power supply that provides a stabilized von
age 01 15 V. me OSCIllator described In (7) is
constructed WithoUt lhe voltage slabillzer I 7.
The Interconneclroo Irom PI 1 to RFC 7 is
made WIlh the aid 01 a wire bridge.

2.3. Freq uen cy Aeadoul OK 1 OF 044 '04 5

The trequency cccmer described in (8) is
used as descnbed by OJ 7 VY In (7). In me
case 01 the author 's proto type . It was found
that the interference Irom me multiplex Signal
was qui te strong . which means that II is ne
cessary to well screen the counter board and
readout.

The retererce crystal OSCillator is used as Oft
glnatry oeecreeo : an improved OSCIllator With
better lemperature cnerecteneuce is under
developmen t and Will be described later.



,.
'!'

,
"

Fig. 3 :
Modil lflf inpul c irc ulI
d••lg nflf by OJ 7 VY

. 7 ' r;lB I Tra"",~r 'l'l' '''r.• 'f'"
\~ ~_1 4&, ·0 ..508 H -., I I =-
~... F l ' 'J " '... ·~i'l 1' j "'{n'[ :'. "1' I f' :::::-" , - - .,,'""'I ;i . :t! '" I , ' " I I ,I OU T

l • L 1 1: 'A ...... ·2Jc ti I
nu 8 11 !

" " W . , , [~ . ~[;;.,t
• -, 11 - J7aB

. {::.-..J ~

.•. o-T- --p-_ . - - ;'r~I " ~
l]~-137 MH lo I ~+ .I ..... , ·, .f l ~ .•• I . :; I.'~

IN L - II"," ~' . Q' ~ I ~' 'g'J •••
-"dB', -:. _

III 111
I .'" '" ~,~ I.

L .":·
Ol " ' ~.";'
o"y"
~

2.4. Noise Blanker OJ 7 VY 003

The noise blanker was used as described In
Figure 10 01 (9) WIThout mcoucetons The
gain In the reqUired passband was 5 dB In the
author's prototype , and - 0 4 dB With lhe
norse blanker SWitched 0 11 .

The lollowlng editions of VHF COMMU NI
CATIONS are to bring th e fOllowing
_e<: llon. :

3. IF·AMPLIFIER

3 1. Matching slage for the crystal l iller
3 2. Crystaliliter With SWllchlng
3 3, Controlled IF·ampliller Wllh S-mel6l'
3 4 Nct cn-hlter

3 5
3 6
3 7.
3 6
3, 9,
3 10.
3 11.

4 .

4 , l.
4 2.
4, 3.

5.

6.

L,mlle r·Ampll ller
FM·demodulalor
AM·demodulalor
S$B/CW-democeiercr
8FO
AF·amphher
IF·ou tpul coupling

CONSTRUCT ION DETAilS

Inpul cirCUli
IF·module
Power supply

ALIGNMENT INSTRUCTION S

MEASURED VALUES

!
•
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• REFERENCES 10 PART 1 VHF COMMUNICAliONS 12•
Ed'!10!1411980. pages 21 1·214

J , Dahms. DC 0 DA :
(5) B Neublg . OK 1 AG:

( I ) An E.tremely Low-Nolse 96 MHz Crystal
A Converter lor the 13 em Band Oscillator lor UHFISHF Appllcahons
EqUipped wllh Two Preamplifier Stages VHF COMMUNICATIONS 13 .
and an Active MIxer Edlhon 31198 1, pages 135-143
VHF COMMUNICATIONS 8.
EditIOn 4 '1976, pages 194 -201 (6 ) M, Martin . OJ 7 VY :

A Modem R8CelV8 Converter lor 2 m
(2 ) R Heidemann , DC 3 as: Recewers Having a Large DynamIC

Receive Mixer IOJ the 6 em Band Range and Low Inlennodulall(l(l
VHF COMMUNICATIONS 12. O.st()r$l()l"lS
EdlllOl'l 1/1980, pages 4& 50 VHF COMMUNlC ATIONS 10.

(3) G BOt, . DB 1 PM, HFleckner. DC 8 UG : EditIOn4.'1978. pages 218 ·229

s s e on the 10 GHz Band (7) M. Mart in, OJ 7 VY:
Part 1; Gener atIOn 01 the Local Low-NOIse VHF Oscillator With DIOde
OSCIllator Frequency TUning. Dig ital Frequency Control , and
VHF COMMUNICATIONS 12, Frequency Indicator
Edition 3/1980, pages 130·138 VHF COMMUNICATIONS 13,
SSB on the 10 GHz Band Edition 21 1981, pages 66·82
Part 2 : Wavegu ide Modules

(8 ) J. Kesner . OK 1 OF :
VHF COMMUNICATIONS 13,

A Settabte up -Down Frequency Counter
Edition 1/1981 , pages 2· 12

VHF COMMU NICATIONS 13.
SSB on the 10 GHz Band EditIon 211981, pages 83-94
Part 3 : Intermediate Frequencies In the

(9 ) M. Martin. OJ 7 vv-2 m or 70 em Band
VHF COMMUNICATIONS 13. A NOise Blanker lor Large ·Signal

EdltlOO 1/1981, pages 13-17 CondltlOOS Suitable lor Shortwave and
VHF-Rec8lvers HaYIng a Large DynamIC

(4) H Kulmus. OJ 8 UZ : Range - Part 2
A SImple Converter lor RecepllOO Of VHF CO MMU NICATIONS 12.
Weather Satel lites in ConJUnctlOO With Edll lOO 211980. pages 96- 106
2 m FM·RetelYers

Wideband Log-Periodic Antennas
l P 10 120-4 70 MHz. Gai n 7 dBd, 1.55 m long
lP 10 super 120-1 080 MHz, Gain 6 to 10 dBd . 1.20 m long

OM 159.00
OM 198 .00

OM 89,00

OM 98.00

Postl aeh 60 . 0 -8 523 Ba iersdor1
Tel 0 9133 /8 55 (Tag und Nach H

'~,¥technik Terry D, Brttan . .Jahnsfr. 14

Dual-Band Antennas 2 m / 70 em and 70 em / 23 em
DB 7: 7 element log-periodiC lor 144 and 432 MHz bands

Gain 144 MHz: 7,OdBd
Gain 432 MHz: 11 ,0 dBd

12 element log -periodiC lor 432 MHz and 1296 MHz band s
Gain 70 em: 10 dBd
Gain 23 cm : 13dBd

i
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The Output Power of a Transceiver can be
Reduced Automatically on Switching Oil

the Power Amplifier

by J.M. Noed"'9. LA 8 AK

•

It II usually nece•••ry to reduce the out 
put powe' when. power amplifier I, 10 be
connected 10 • Iranseeh'.r or Iranlmln..,.
In order to ,nlur. that It Is not overdrive".
For In. tanc• . a power amplifier ~ulpPltd

with • aaE 06 40 only ~ul,•• • drive
~ 01 1 10 3 W IOf an output power of
100 W. "'any 'ranamlner. or t,.nK~v.r.

provkM en output powet' of 10 to 20 W. The
dHc:rlb«l circuit I, a ble to reduce the out.
put POW" a ulOfNIUCll lly when • PA I,
uNd. In thl, C<I... lhe • • cit., (l ,anKel......)
can only provkM ttl full output POW'"
when 1M PA I' I wltched oN.

SUitable ceccne lor thiS mode 01 coe renoe
have already been deSCflbed In ( I) , ho wever,
lhey do not opera'e au tomatICally. but require
II $hOrt-Qra,lI! plug when lhe PA II not ceo
nec1ed The advantage 01 the CirCUlI given In
Figure 1 IS thaI the powet' IS only reduced
when the ffanscewer (Iransmrner) IS connect 
ed 10 Il'le pOWer ampltfler, and when the modI
hcallOnS ShOwn .., FtgUr. 1 have been made
Wlthoul PA. the IranlCetY., WI' operate al fuI
OUlput power

Only evee reSlslors. a c.ap.8Cl10l' . and a dIOde
must be Installed 1n10 tNt tranacetv., (10 l~

•
'r CO..." .-12 V

LA 8AK

FIg. 1:
Only I 1_ component.
Ind .lIg hl modllieltion•.r. requl, .cI In lhe Poll
(len) and t rln~_

(right) lor au tomatic:
r~1on of tIW 0U1pv1

powM ....'"

!•

I
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tighl ollhe dashed Itne), whereas illS OrIly ne
cessary lor the " ngle-pole SWI 'ch to be ex
changed lor a double-pole coe In lhe power
amplifier (10 the lett 01 the dashed line), ThiSIS
the ..OPERATE· sWllen01the PA; when Ihls
sWitch IS cosec. the PA can be driven, and
lhe descnbed CirCUit Will reduce the dnve
power automat/C8l1y 10 8 predelermined
value

The reqUIred OUtput power 01 the transceiver
is selected Wllh lhe aid 01RV 1. This is made
by starting at the lowest value and Increasing
slowly un' ll the power amplltrer is jus! able to
give its maxanum output power. As soon as
the PA is SWitched 011 With the aid of the lett
hand contact or when the interconnection is
broken, diode D 1 Will isolate Ihe addlliOrlat
CirCUlI. and the ampl+ller s'age In the IF·
module 01 the transmItter Will once again
receive 115 onglnal G z-vcnece. and thus pro
vide full gain

The creon diagram shOws thai Ihe PA IS
SWllched on by Ihe PTI·bne 01 the uanscer-

vee. This line can, hOwever, be SWitChed to
ground using any relay contact. II is not
Important lor the operatlOl'l of the power
reductlOf"l CirCUl i ,

It is sometimes a problem to bypass the DC·
lines al VHF and UHF - especially at high
power levels. For th" reason, I' IS advisable
lor feml e beads to be provided 0rI all co-nee
tlon leads between transceiver and PA In
crcer to ensure lhat the eenecve. Iow·signal
stages of the ueoscever are protected
againsl high RF·vollages.

REFERENC ES

(1l H, J. Dierking. OJ 6 DA:
Reducing the Outpul Power of
TransistorlZed sse Transmmers
and Transverter,
VHF COMMUNICATIONS 9.
Edition 111977, page 37

Which Volumes of VHF COMMUNICATIONS are mIss ing from your library ?

Tel. 091 33/855 (Tag und Nachl)
k ~berichte re,'Y o . Brttan Jahn"'. 14 · Posltachao · 0 ·8523 Be,e,sdo<1

OM 3600
DM 38.00
OM 40 00
OM 42 00
OM 44 00
OM 48.00
OM SOOO
OM 7 00

..'"

A. you know. thoe pubhaher. conlonue10reprint bad< copoe. 01VHF COMMUNICATIONS Since lhey ara lull
lechmcal .,1IC"" and klt'- newt 01' IIdv1Irtlamojl they contaIn a greal clNl '" non-agIng mk:lrmll00n thlll " JUsta. valid loday Mllny 01our ' e8Ollf1 Will 1110 have lenl OI.Jl copIeI 01VHF COMMUNICATIONS and nevtII
rKelved lhem back , All thoe.. ec!ll00n. baclo.'O 1972 Ire stdlava,lable Ind Cl n be obtalnecl lrom YOU' r"ll'''"
lentlltlve Of "0m the publlaher.,
Subscrophon VHF COMMUNICATIONS 1982 . OM 20.00
VHF COMMUNICATIONS - Volume 1981 OM 20.00
VHF COMMUNICATIONS - Volume 1979/1980 , , , ,.. each OM 18 00
VHF COMMUNICATIONS - Volume 11176.1977. lind 1978 , each OM 18 00
VHF COMMUNICATIONS - Vo/ume I972. 1973. 1974. 1975 . each OM 14 00
VHF COMMUNICATIONS - IndIvidual ecpee 1982 aach DM 6.00
VHF COMMUNICATIONS - Individual copoes 1981 "." , , , each DM 5.SO
VHF COMMUNICATIONS - Individual cope. 197911980 ",................ each OM 4 50
VHF COMMUNICATIONS Individual cope. 1975. 1978. 1977. 1978 ellch OM 400
VHF COMMUNICATIONS - Individual ccoee 1972. 1973. 1974 each OM 350
VHF COMMUNICATIONS - DIscount pnce tol' any 3 volumea'
VHF COMMUNICATIONS - Volumet 1972·1974 or 1973-1975
VHF COMMUNICATIONS - VoIu"," 1974·1976
VHF COMMUNICATIONS - Volumet 197~1977
VHF COMMUNICATIONS - Volumes 1976-1978
VHF COMMUNICATIONS - Volumes 1977·1979 ..
VHF COMMUNICATIONS - Volumn 1978· 1980
VHF COMMUNICATIONS - Volumet 1979·1981
PlastIC bondeI tol' 3 volumes
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MATERIAL PRICE LIST OF EQUIPMENT '
described In Edition 4/1981 01 VHF COMMUNICATIONS

OJ 1 JZ OO3 METEOSAT CO NVE RTER ;
lnlerdlg lla l Miller and IF·Preamplifler

Ed . 4 /1981

Kit

DJ1JZ OOJ

OJUZ OO3

DJ1JZ 003

Double-coated. unclnlled OM 25.-
, SChOnky mi ller dlodehp2817, 1 DG ·M OSF ET,
1 ccutc rmer . 1 m silver-plated wire, 3 presnc 1011
lrlmmers, 2 chokes. 6 resis tors, 9 cer. caps .
Mechanical paris : side pieces,cover,re5Onalors,
screws (silver·p1ated and protected ).
as well as all parts lor C 1 OM 164.-

complete with above part s OM 189.-

Ine. pen slve TV Patt ern GeneratorDC 7 EPOOl

PC-board
Se mIconductors

MIniM

Kit

DC7EP OOl
DC7E POOl
DC7EP OOl

OC7EPOOl

Single·coaled. With plan

1 Ie MM 5322 N, 1 tranSIstor

1 reS,ClfCU11455 kHz. 2 AI . elec trolytIC!!.
2 Styro lle ll , 2 cer ., 5 1eedlhrough ceoectcrs.
, trimmer oot., 7 resistors, 1 metal case,
13 solder pms. 1 IC ecceer

com plele w ith above parts

Ed.4 1981

OM 14.
OM 126 -

OM 23,
OM 159.-

1.1 m Paraboli c Antenna KI t

12 Seg ments for screwing or rlvellng toget her .
Co mplete With center plate and mounting nerow ave for feed

R,vel lng machine and ovelS
1.7 GMz Cavity rad iator kll
1.7 G Hl Cavity rad iator . reeev-tc-ccerate

Ed . 3/1979

OM 180.-

OM 93,
OM 90,
OM 150.-

Ii•

k ~ beridlte T."y D. Bittan .Jahns. 14 . Postlach BO · D-B523 B.,.,sdorl
Tel . 09133/8 55 (Tag uoo Nachl)
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NEW COAXIAL SPECIALITIES
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New Interdigital Bandpass Filters

161.-

Please hi' lequued
e.nlr. frequency on
~,..,,"

12 MHz
1 SliD.. '"eo,.
,.'"140. 10. 2'8

wc.e-. ......~""'afor
1152 "H~ 1m Mtk, l 2N MH, or 1m MHz

oenl....~'".

,..
P..-.nd .-bOn lou
An~toon a' • 24 MHz:
An_ loon at !. 33 MHz

........-0rwnenIi0rIII (tnml

lOe.. tor.......1101'1 betweetllq, and t«ll)nd po•
• mpl,l Of WI Ironl 01the 1TII=et' lor aupprnalOn of

" nell " , .IrId 1I11erterenc- 110m UHF·TV
~ lran,mlller. lind OUH)I·band Radar Sta tl()l1' AlIO
~ very advi..ble al the OUlput 01• heq~y multi-I .~ "'"..~ bo""" "'M'~ ' ~... ___. ..
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•
Pola,lsatlons Switching

Unit 10' 2 m
Crossed Yagls

RMdy-I~te .. cMKtlbe>d In
VHF COMMUNICATIONS. Complete
In cabinet With th,.. 8NC COfti"IK

tOfS. EsPeC~1y ~Md tor UM With
crossed rag .. mounted as an .X • .
and led W i th eQUIII-lenglh leeders.
FOllOwing ... pOIA"U'1OfIS un be
selected VertICIl!, horizon tal, ckK:k,·
wise ci rcular. anhclockw'M ci rcu lar,
sJanl 45' and ".nl 135°,

• --I

--

-'-

•

--
VSWR
Power :
Insertion loss:
Phase error:
D,mension s:

mall , 12
100 W camer
0.1100.3 dB

appro• . l '
216_ 132_80mm

Terry But an Jahnst r.14 Postl ach 80

!
•

I
t

0 -8523 Balersdorl
Tel 09 133/855

m

• Connec llOflI
N·Conne<:tors

• Dlmen l lonl
125. 80 . 28mm
(.....nnoot brackels)

Further del alls Ofl requesl

low-Noise Masthead Amplllle,s
10' 144 MHz and 432 MHz
SMV 144 and SMV 432

Selech.... High-Power Mnlhe.ld "mph".r, In Wale,
prool c••' ..lumlnium cue wIlh m• • ' brackets BUill
In ~.Y lor Iramnul-recelVe , witching PTI VI. co
• • 1111 (;jIbl. USing supplied RF/DC·~lIlle'

• No,.. ligures, gVM 1« 0.9 ca. Iyp
SVM m 1 9 dB . typ

• Over all gain: SMV 144 15120 ee . aw,lchable
SYM 432 15 dB

• Insertion loss . transmit typ. 0,3 dB

• M... ,mum I ranS1T1l1power:
gVM 144.800 W SSa, 400 CW/FM
gVM 432 : 500 w sse . 250 CWfFM

• Operallng voltage : 12 V vi. coaxI. ' c. ble

k UKWtechnlk



We:11hcr satellite reception syslcms
need nnt hc expensive

Thif potl"'. ll'''''''' '"OUr6dv""~' on 1'611" 63 01Edl'''''' 1 l\ltl 101VHF COMMUNICATIONS w... no! m.dol
u.. ng OUr .ysllt'" T"" abo\Ie ,,"&glI ,~, tho .... ,"" qualoly 1""1 Cllln be OOl R"ltMl w~h 00 ' . ys ltm

k I!Jm technik r."y0 B,"all .Jahnstr. 14 . Posllaell 80 . 0 ·8523 Barersdort

• NOAA . TlROS. and
METEOR satellites In

pola r orbits

• METEOSAT, GOES. and
GMS in geoslatl onary
orb it. or

l or meteorological offices 81
smaller airports, harbours
and for similar applicati ons
such as lor instruction at
umv ersmes and ecientrnc
ins tit utes A numbe r 01
ditlerent image processors
are available lor pho tog ra
ph iC. facsimile, and video
processing SUitable
S·Band and VHF-Receiver s
are available lor the apph
cati on in question. Equip
men t is available or under
development lor the ta llow
ing satel li tes:......

. 0
~-e

We oller a comple te system
of mexpe nswe modules lor
pro fessional appll callons
These are of special interest

Ine l pe n, lve, comple te
receive and Image
proc• .,'ng Iy. lems
lor geostallonary and
orbiting weath er
aatell lte •.

••

256 Tel. 09133/855 (Tag und Nachl)



Space and Astronomical Slides
Informative and Impressive
VHF COMMUNICATIONS now oilers sets of
phantasuc slides made dunng the Gemini,
Apollo, Manner, and Voyager missiOns, as
well as slides Irom leading obS8fV8tCfl9S,

These are standard size 5 em K 5 em slides
which are ' ramed and annota ted
Prices plus OM 300 lor posl and paCking.

Sel. 013 .tlde. each - OM 5.95 per . el
MNO' ;1 F'f,IMenonlheMoon ApoIloll
MNOl i4 FlI"IMenonl!'leMoon ApolIo!1
MN 0117 FIF.1 Men on IOeMoon Apollo 11
MN02.'1 MenonlheMoon ApoIIo12
MN02,4 Men on ll1eMoon Apollol2
MN02 '1 MenonlheMoon Apc>1I012
MN 03/1 The Moon
ST01 11 Man In Space
5101 14 Man InSpace .. -
STOll7 Ma"," Space -
ST02.'1 Earthlrom Space - Amenea

Sets of 5 NASA-slides
Sel l /50 Apollo1 1 Ea nh a nd Moon
$e12 /5 Apollo 1\ Man on the Moon
SetA!5o Apollo9and 10 Moon Rohoa.aal
Set 515 From Cahlom'lIlo Cap CenIJveral
Set &5 Apollo 12 MoonR6VlSllecl
SeI7!!) Gem,",Earth V-s

Sets of 9 slides each
MN Ol Man on the Moon Apollo 11
MN02 Manon lheMoon Apollo 12
MN 03 The Moon
MN Qol Manon lheMoon - Apollo 14

STOI Man In Space
ST 02 Eanh !rom Space AmerIU
5T 03 Eenh from soece - Alroe.t
5T ~ Earlh!TOm Space AN
5T OS Mafl Ma" net'6 .0<17
5T06 Mars-Marlner 9
5 T 07 Eanh !rom Space Europe

Sel9/5
Sell015
seuvs
Se112/5
Se11 4,5

MN 08
MNoe
MN07

STOS
sr os
5110
5T 11
5T I2
5T13

OM 8.50 per set
Apollo 15 ROYlrlg Hadley A,11e
Apollo 16"n10lhe Highlands
Apollo 17:Lasl voyage 10 lhe moon
Apollo 17 Laa. Moon WalkS
Manner 10

OM 18.00 pe r set
Man onthe Moon Apollo 15
Man on lhe Moon Apollo 16
Man on the Moon - Apollo I7

Eanh 'rom~e - Europe
5kylab
MerCUl)' and Venus (Manner 10)
M'~' IV" k '"'ll l and 2)
Mati V'klng 1and 2)
Jupoler and 5.'!lelhlel (Voyagtlf I I

Set 1/20: «Saturn enc cu nteree« OM 35.00 per set
1 Salurn and 6 mnon• • 2 Salurn hom 11 milioon miles . 3 Salurn from 8 m,lllQn m'laI . 4 Salurn from
one mllllQn miles . 5 Saturn and R'ngs tram 900000 mllel e e Salum '. Red Spot . 7, Cloud Bel" ,n
delall • 9 DIone cloIe up • 10 Rhea . 11 C,alerlol Rhea • 12. T'lan . 13 T,'an's Potar Hood •
14 Huge cral." on Mlmas • 15 01'- SIde ~ M"TIIs • I6 Approaching lhe RIngs • 17 Under R'ngs
(400000 m,IeI ) . 18 Below R'ngs . 19 · Bfal<1fld••F. nng . 20 lllpe lus

Set 2/20: ..From here to the Galaxles« OM 35.00 per set
20 slides 'rom Amellean 0bseN1I101''''' ShoWing plane1S. spual gala ~ tes . nebula

Set 3/20 : ..The Solar System.. OM 35.00 per set
I Solar System . 2, Formall(ll'l 01 lhe Planets e 3 The Sun • 4 Mercury . 5 Crescenl Venus •
8 CIO\.Il:b 01 Venus . 7 Earth . 8 Fun Moon • 9 Mars . 10 Mars Qlvmous Mon. Vol • 11 Mar. '
Grand Canyon . 12 Mara &nouous Channel e 13 PhotloI e 14 Jupoler w,th Moon. e Hi Jupo''''Red
Spot e 18 Salurn e 17, Salum R,ngs . 18 Uranu. and Neplune . 19 Pluto . 20 COrnel Ikeya·SekI

k .©'" berichte T. "y O. Bntan Jarmetr. 14 · Posttach 80 - 0 -8523 Barersoort
Tel. 09 133/855 (Tag und Nachl)
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OUR GREATEST now with reduced dimensions I

Case :

.__..
~.-

,.~ (XI'" ' il

1S

' ",' XFM

"OJ

14

..~
"OJ

13 17

DISCRETE Appli ·
MONOLITHI C EOU IV AL ENT

CRYSTAL wllh impedance transformation without Impedance Iranlllormal ion
FILTER

cenc n
T,pe Termination Case T,pe Termination C'M

XF·9A SSB XFM-lilA eccu II 30 pF rs XFM ·9S02 18 kU 3 pF 13
XF·IS SSB XFM·98 scc u II JOpF rs XFM ·9S03 18kU 3 pF 14
XF·Se AM XFM -f1C soou llJO pF rs XFM ·9S04 21 kU 2 pF 14
XF·I D AM XFM·9D SOOU I JO pF 1S XFM ·9S01 33 kU 2 pF 14

. • F.t E FM XFM ·9E 1 2kU 30 pF " XFM ·9S05 8 2 kU o pF 14
XF-IB Dl LSB XFM·!ilBOl ""' U 30pF rs XFM ·llSoe 18kU 3 pF 14
XF·IB 02 USB XFM ·9B02 ""'U 30 pF 1S XFM·'S07 18 kU 3 pF 14
XF·9810· SSB XFM ·lilSOI 1 8 kU 3 pF 1S

• New ; lO-Pole SSe ·lUter. Ih.pe ' . ctor 60 ee : 6 dB 1.5

Dual (monolithic Iwopole)

Matched dual parr (lour pole)

XF·I10: Bandwidth 15 kHz. RT • 6 IIU , Case 17

)C F.120; Bandwidth 15 kHz. AT 6 kll . Case 2 .. 17

DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 111979 . pag e 45)

lor NBFM XF·909 Peak sepa tatron 28 kHZ
lor FSK /RTTY XF·819 Peak aeparatlon 2 kHZ

CW·FII1. r . - shll in d,screte lethno log y

T,pe 6 dB Bandwidth Crystals Shape- Faclor Term lnahon CAM

XF·9M soo H, 4 60dB 6 dB 4 4 500 U II 30 pF 2
XF·9NB "'" H' 8 BOdB 6 dB2.2 500 U II 30 pF 1
XF-9p· 2:;0 Hz 8 60dB ece a a sec l' 30 p f ,

• Ne. I

KRISTALLVERARB EITUNG NECKARBISCHOFSHEIM GMBH
D~924 N.ek8rb1.ehol.he lm . Po, tt . ch 81 . Tel. 0 1263 / 6301
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