
\
f

J20419F

A PUBLICATION FOR THE RADIO AMATEUR
ESPE CIAL LY COVERING VHF, UHF AND MICROWAVES

VOLUMENO. 3 EOITION 2 MA Y 1971 DM 4.00

.,'
' I :~'
.".',

..,,

2 METRE MINI TALKY



VHF
COMMUNICATIONS

A PUBLICATION FOR THE RADIO AMATEUR
ESPECIALLY COVERING VHF, UHF AND MICROWAVES

Published by:

Publishers :
Edito rs:

Ve rlag UKW -BERICHTE, Hans J. Dohlus oHG, 8520 Erlangen,
Glerwttaer Si r . 45, Fed. Rep. of Germany. Tel. (0 91 31) 3 33 23. 3 54 09
T. Bitte n, H. Dohlus , R. Le ntz at equal pa rts
Terry D. Bi tton. G3JVQ/ DJ0BQ. respons ible for the text
Robert E. Lentz. DL3WR, responsible for the technical contents and layout

Ad vertising manager: T. Btttan , Tel. (0 g, 91) - 31 48
VHF COMMUNICATIONS, the internationa l ed ition of the German publication UKW-BERICHTE,
is a quarterly amateur radio magazine especially cate ring for the VHF/UHF/SHF technology.
It is published in February, May . August and November. The subscription price is DM 12.00
or national equivalent per year. Indiv idual copies are available at OM 4.00. or equivalent. each.
Subscr iptions, orders of ind ividual copies, purchase of P. C. boards and advertised special
components, advertisements and contributions to the maqaz fne shou ld be addressed 10 the
nationa l representat ive.

All nqhts reserved, Reprints, trans lations or extracts only with the wr itten approval ofthe publisher.
e Verlag UKW-BERICHTE 1971
Printed in the Fed. Rep. of Germany by Rict1ard Hetchenbach KG, 8500 Nuernberg, Krelingstr . 39

We wou ld be grateful II you would address your orders and queri es to you r naliona l representative '

Aus lria

Austral ia
Belgium
Canada
Denmark
France
Finland
Germany

Holland
Ita ly
Lu~embourg

Norway
South Africa
Spain +Portuga l
Sweden
SWi tzerland
United Kingd om

Hans J. Dohlus. OJ 3 QC . D.as20 ERLANGEN, Gleiwltur StreBe 45, KanIa : Osterre lchiscnss
Poslsparkas senamt Wien , Nr. 1J6.91 4
P B. Jackso n, VK 2 BPJ. 37 Minkara Road, BAYVIEW. NSW 21G4
E. Dr leghe , ON 5 JK, B-916O HAMME, Kapelleslr. 10, Tel. 052,47982, PCR 588111
see USA
Hans Jungda l, 023 GW, DK·9510 AXELTERP ARDEN. postkonto nr. 121423
Chr istiaM MiChel. F 5 SM. F-W PARLY. les Pi llh, CC P PARIS 16219-66
Timo Ekko, OH 1 S M. POR I, Kalevanpuislo 63 C, Pos tgiro 47-10848 ,
Hans J. Dohlus, OJ 3 OC , 0-8520 ERLANGEN. Gle iwltl e r StraBe 45, Tel. (09131) _ 33323,
Deutsche Bank. Erlangen, Konto 476325; Poslschecl<.konto 304 55 Niimbe rg
S. Hoogstmal, PA 0 MS H. ALMELO, Oranjestreat 40. g iro 137 2 282, tOl le/on (05490) - 1 26 87
RADIOMENEGHEL. 1·31 1(1{) TREVISO. Case lla Postale 103, Conte Corrente Pos tal" 9/23 220
p , Wantl. LX 1 CW, Teh;vlsion. DUDELANGE, Postscheckkonto HOllS
H. Thag. LA 4 YG, Ph. Pedersensv . 15, N 1324 LYSAKER pro Oslo, Poalglro 31 6000
Ivo Ch ladek. KENMARE KRUGERSDOAP, 26 Dromore St. , Tranavaa l
jul io A, Pr ieto Alonso. EA 4 CJ, MADRID-IS, Donoso Co rtes 58 S' -B
Sven Jacobson , SM 7 OTT. S -21232 MALMO, Ornbogatan I, Te l 4911193, Pos tg iro 43 0965
Dr. H. Lauber , HB \I RG, caeosa ZORICH, P. D. Bo~ 114, Postscheckkonto ZOrich VIII 46923
MICAOWAVE MODULES Ltd ., 4 New ling Way, WORTHING!S SX. Tel . 0903-60)1, Barclays·Bank,
Worth ing
VHF CO MMUNICATIONS , Bo~ 283. FORESTDALE, MA 02644



CONTENTS,

H. Werner, DC 9 MD

A 2 m Wa1ky.Talk y

VOLUME NO .3 EDITION 2 MAY 1971

Pages 66- 81

M. Heqauer . DL 6 OW

A Quadru p le Quad Antenna - An Eff ic ient

Portab le Antenna for 2 Metres

I. Sturm. DC 6 YE
Stand ing Wave Ratio and Cab le Attenuation

R. Grtek , OK 2 VF

Simple Strip line Reflectome ters for 144 and 432 MHz

Pages 82- 84

Pages 85- 88

Pages 89--- 92

AMSAT
OSCAR 6 - Technical Description

Projec t MOQNRAV

Pages
Page

93- 97

98

F. We ingartner, OJ 6 ZZ
A 28 MHz - 432 MHz Transmit Converter with FET-Mixe r

D. E. Schmitter, OJ 4 BG

Plug-In Modular Equipment

D. E. Schmitzer, OJ 4 BG

A Modular Recei ver System

D. E, Schmitzer , OJ 4 BG

An Integrated Audio A mpli f ier Using the PA 237

H. J. Franke. OK 1 PN and H, Kahlert , DL 3 YK

Universal Power Supp ly Using an Integrated

nc-vcuepe Stabil ize r

Pages 99-106

Pages 107-109

Pages 110--114

Pages 115-120

Pages 121-126

- 65 -



I silicon Zener diode
1 silicon tuning diode
1 silicon diode for FM

A 2 m WALKY - TALKY

by H. Werner, DC 9 MD

INTRODUCTION

We carried out a designers competition in our German -language magazine
UKW-BERICHTE to find the best design-for a 2 m walky-talky . The small
transceiver developed by H. Werner, DC 9 MD was awarded the first prize.
The first part contains a technical description of the DC 9 MD walky-talky,
the second and final part will cover the assembly and alignment.

1. CHARACTERISTICS

The competition conditions stated that a transceiver should be designed wnoec
dimensions were so small that it would be possible to carry it with one at all
times without any inconvenience. It was to represent a companion during hikes,
business trips, amateur meetings, antenna measurernent s and similar activities.
Two models are to be described: One for AM and a single transmit frequency;
the other switchable AM/FM with two cr-v-caj -corrtroned transmit frequencies.
The title photograph of this magazine sl-owing the AM/FM modef and the photo
graph in Fig. 1 of the AM model give an impression of the DC 9 MD walky
talky. Its specifications are as follows:

Width, height, depth ( in millimetres) : 65 x 120 x 45
Weight: 310 g
RF-output after alignment for optimum amplitude modulation: appr-ox , 15 mW
Peak carrier level : appr-ox, 60 mW
RF-output in FM mode : appr-ox, 60 mW
Re c e iv e r noise figure: 9 dB
Current requirements during reception: 15 rnA, constant
Current requirements during transmit: 15 - 17.5 rnA
Power source: 9 V transistor battery or nickel -cadmium accurnulator

of the same design ( Varta Tr 7/8 70 mAh )
Semiconductor complement:

10 silicon NPN transistors
2 silicon P NP transistors
1 germanium demodulating diode

The block diagram in Fig. 2 shows the stages and frequency processing of the
unit. A 2-stage transmitter is used which is controlled from a 72 MHz crystal.
The receiver is a superhet with an intermediate frequency of 10.7 MHz. The
local oscillator operates in the range of 133 .3 to 135.3 MHz and is tuned with
the aid of a varactor diode. The operating points of the RF amplifier stage
and the three IF amplifier stages are varied automatically and w it h the aid of
a potentiometer which means that a very large control range of the RF gain
is achieved.

After extensive measurements by the publishers and experimental operation by
W. Messerschmid, DC 8 TN, it was found that the only unfavourable character
istic of the transceiver is in the slight radiation at three times the crystal
frequency. This could cause TVI to CCIR television channel 11 ( 217.25 MHz).
If the unit is to be used in built-up areas where this television channel is used,
it is advisable for a small filter to be used, for instance, as described in (1).
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Fig. 2: Bk>ckd~l'iIm

T he r eceiver sensitivity is ve ry high in com pa r i s on to the transmit power. The
selectivity is completely sufficient for normal operation; the demodulation of
l<'M transmissions on the slope of the selectivity curve i s a chieved wit hout
problem s due to the excellent fre quen c y st a bility of the local o s c il l ator.

The image frequency (122.6 - 124.6 MH z) will be audible whe n mo re than
20 ~v are pr e s en t at th e antenna inpu t . No IF brea k -through occurred even
with an in put signal o f 20 m Y. It is pos s ib le fo r spuriou s signals t o be r ec e ived
at four frequ enc ie s betwe en 20 MHz and 37 MHz at inpu t voltage levels over
6 0 ~ V, h owever, DC 8 TN us ed this trans ceiver only a fe w ki lometre s from
the powerful broadcastin g transm it te r s t a tion Mtih lacke r without noticing any
inte rfe r ence .

2. CIRCUIT DESCHIPTION

Althou gh the t ransmitter and r ec e ive r are accommodated with their two audio
amplifiers o n a COin man printed circuit board . the cir cuits are to be desc ribed
s epa rately for r ea sons of clarity .

2 . I. TRANSMITT ER WITH MOD ULATOR

l<' i g. 3 shows the ci rcuit diagram of the transmitter t oge the r with its amplitude
modula tor . A s has already been m ention ed , the tran s m itt er has two sta ges a nd
the c ry s tal frequency is in the 7 2 MHz r ange . It ha s been fou nd du r ing expe ri 
ment s by the publishe rs tha t the trans istor BSY 18 which is use d as osc illa to r
transistor T 52 canno t easily be e xc hanged for another type when us in g the given
circuit.

The output sta ge equipped with transis tor T 53 mu st operate a t very low collec 
tor-emitter voltage s bec au se the ou tput stage of the trans mitter and the modu
lator are conn ect ed 1n series a c r ca e th e alr eady relatively lo w operating vo lt 
age . This m ean s that a high-gain ty pe pos se s s ing a hi gh t r a n s it frequency
a nd cor r espondingly low reactive ca pacity is required. In the AM m ode, the
output tran s isto r is o nly provided with a pproxima tely 4.5 V. Besides the trans 
lstor types BFX 59 and BSY 18 . e xperiments made by the pubUshers ha ve s hown
tha t type 2 N 3866 is also suitable , a nd 1s now offered at m odest price s .

Of course, th e ou tpu t transisto r of the t r ans m it te r is no t ope r ated anywhere
near its maximum power c apac ity wh tch is the r e as on why no cooling fin s a re
required . In the modui ation peak s , the output transisto r rec e ive s dou bl e the
vo ltage, e . g . the full opera ting voltage, 80 that the output po we r in crease s to
fou r times that o f the unmod ul a ted ca r r i e r l e vel. T his condition can be achieved
by s hort circuiting the m odu lato r t r a ns i s to r T 51.., -
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Circuit diagram of the tran smitter

with modulator
Fig. 3:~
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Since the transmit alignment is made at the peak power level, connections
Pt 52 and Pt 53 a re provided for shorting the modulator transistor. The trimmer
resistor R 52 allows the operating point of modulator and output stage to be
adjusted to the carrier level.

__-t-_ _ ,-_~ ~_~__~_--,~ --, ~ c'~'"r . tv
I " .... '

An AI<' a mplifier equipped with transistor T 50 completes the tran smitter . T h e
v e r y simple method of stabilizing the operating point using a high -impedance
base resistor means that a transistor with a very low base current is r equired,
c . g. a transistor with high current gain . With the e xc eption of this. any equ f 
valent types can be used in this modulator stage. T h e bypass capacitors C 50
and C 51 suppress any RF voltage introduced into the modulator input. The
sensitivity of the modulator is suitable for dynamic microphones; 2 .5 m V (RMS)
are sufficient for full modulation .

2.2 . REC EIVER WI T H AUDIO AMPLIFIEH

Fig. 4 shows the circuit diagram of the complete receiver. The same is valid
for the RF amplifier s t a ge equipped with transistor T I in a common base circuit
as was mentioned for the stages of the transmitter. With the given and proved
circuit, transistor type BFX 62 (for preamplifier and mixer stages up to 1 GHz )
cannot easily be replaced by other transistors such as the B F 224, unless a
considerable reduction i n sensitivity is acceptable.

The mixer stage equipped with transistor T 2 is not critical. It is possible for
transistor type BF 224 to be used instead of the BFX 60. The three subse quent
intermediate amplifier stages are equipped with low-reactive control trans
istors . Similar types could be used in place of the recommended BF 184 .

The IF selectivity of the receiver is mainly determined by four IF transformers .
Four of the five resonant circuits are in the form of screened miniature circuits
wit h built -in capacitors which are manufactured in J,apan .

- 69

The operating points of the RF arnpllfier- and the three IF ampttrte r stages are
determined by a variable voltage devrde r- comprising r esistor R 20 and poten
tiometer P 1. This manual RF gain is superimposed on to the rectified signal
voltage from diode D 1 via decoupling resistor R 17 for the automatic gain
control.
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The AF volta g e is fe d vi a tlw volume potenrtom e t e r P 3 t o a t wo - et u ge A F am 
plifier which is sim ila r to the m odu lator. The a ud io output s tage equipped with
th e s ilicon PNP transistor T 8 i tl adj usted to a l owe r collect o r c u r r e nt t han the
m odufato r- s tage becau s e it is only neceasa ry for an earpiec e t o be fed . T'r-an u 
ts tor- T 7 mu st pOSI:ll'SS a h igh c u r r-...nt ga in lor the sam e reason tha t wa s men 
tioned for T 50.

The transistor type used i n the va ria bl e oscillato r is not very c r it ic a l. Trans 
te tor T 6 o pe rates in a c om m on base c i r c uit , the cotj ector- vemnte r capacitance
ts Inc r eascd exte rnally by capacito r" e 33 . T he luning diode D 3 is connected in
par-al jel with the r-eecnant circuit via e 36 . Thl!:; diode r eceives its tuning volt 
age via t he decou plin g re s i s tor H 24 fro m the tuning potentiom ete r P 2. In orde r
t o ensure t h at the DC vol tage a cross the va r-acto r- diode does nu t fa ll below the
va lu e of the peak HF voltage, restetor R 25 ha s been inserted between P 2 and
g round . The supply voltage of the o sc ill a tor and the tuning erode has been sre 
bll!z ("d with t h e aid of th e Zcne r d iode D 2 t o 5 .6 V. In o rde r t o increa s e t he
fr-equenc y stabUity fu rth e r , the wh ole oscill a t or unit is enclosed in a s m all
plate' cas in g .

2. 3. OPERATING T HE WALKY -TALKY IN Tilt: FM MODf:
AND VIA Rl::PEATERS

It i s ext r-cme.ly ea s y to modify the AM t t-anscc-Ive r- for FJ\.I op e r a t ion un tw o
channel a . This can be ma de switchabl.e s o that the tr- an s c e ive r- is c a pa bl e of
being" switch e d t o AM a nd FM . The desc r i bed walky -t al ky has been s u c cessfully
used over- .FfI'1 rcpcarer s , a n d oecause t h is mode of operation Is becoming po
pula r. the moJification fo r f r-e qu e ne y modulation will be included in the c on 
euvcucn .

3 . eONST RUeTIOl':
3.1. COM P ONENT DE T AILS

T 1: BFX 62 { Siemen s 1
T 2: SF 224 ( Texas Instruments Germ any 1 o r BFX 60 ( Ste rno ns )
T 3 - T 5 : 13F 184 (AEG-T e lefunkcn )
T 6 , T 7, T 50 : 13C IU8 B , B e 18 3 13, 2 N 3904 o r similar s tllcon NPN-A F type s
-r 8 , T 51: Be 21 3 , 2 l'; 3906 o r s imilar silic on P NP-AF type
T 5 2: BS Y 18 ( Si emens)
T 53 : UFX 59, BSY 18 (Siemt'ns) o r 2 N 3866

D 1: AA 112 (AEG -TFK l , IN 5 2 o r similar germanium dem odulat or diode
D 2: UZY 85! C5V fi ( A EG -T FK l o r Z F 5 .6 t rrr -toic emetan 1, I N 75 2A
03 : BA 121 (Af':C - T F K l. SA 110 (IT T -IntermetaU ) or SA 120 (Siem e n s 1

1 N 5462 A

I F I - I F 4: Ind i vidu a l I F - c i r c u it s fo r 10 . 7 MHz with couplin g link and bu m 
in capacitors . 10 m m x 10 mm , 13 mm high; fr om 10 .7 MHz It·
transformer set .

All othe r in ductanc es ( six In number ) are wound on 4.3 mm diam eter coil
formers. Atte ntio n should be paid that the coils are wound in the same d rrec 
tion. The coils s h ou ld be glued Into place a tt e r winding.

- "



L 1 : 1 tu rn of in s u late d wir e wound onto the cold end of L 2
L 2: 4 .5 turns o f 0 . 5 mm dia , (24 AW G ) Silver - plat ed coppe r w i re, coil

len gth 7 mm , VHF core ( brown)
L 3: 4 turns othe rwis e a s for L 2
L 4: 2 turns of insula ted wire wound onto the cold end o f L 3
L 5: 28 turn s of approx . 0.4 mm die , ( 26 AWG ) e namelle d copper wire close

wound; c ore wi th t h e r ed c oloure d point ( SW / VHF core )
L 6: 4 t u rns , wir e as for L 5 , wound onto the col d end of L 5 , glue -into place
L 7 : 3 turns of 0. 5 m m d ia . ( 24 AWG ) sUve r - pl at e d coppe r wire,

c oil l ength 7 rom . VHF core ( brown )
L 50: 7 turns, as L 2, V1-I F c o r e ( brown )
L 51: 3 tu rns of 1 mm dia. ( 18 AWG 1 sUver -plated coppe r wi r e . Coil tap

3 / 4 turns from th e cold end. Tu rns spac ed 2 mm, VHl<' core ( b rown)

Ch I, Ch 50, Ch 51: sub mini a t u re 1. 5 /.IH fe r r it e c ho ke s ( Delevan)

C I , C 7, C 37, C 56 , C 58 , C 60, C 62: 4.5 - 20 p F m in iature ce r amic
trimmers. 7 rom dla , ( Philips)

C 11 : 100 pF atyr-cflex capa cit or for 7 .5 m m spacing
C 4 , C 29, C 40, C 42, C 44, C 52, C 54: 3.3 /.IF tantalium electrolytic capacitor

(drop type with 2. 5 mm s pacin g )
C 13 , C 46, C 64 : 10 jJ«', oth e r wi s e as fo r C 4
C 31: 22 /.1 F , otherwise a s for C 4

All ot her capacitors a re c e r amic dis c ty pes tor 2. 5 mm s pacing.

Trimmer potenrtom et e r-s fo r vertic a l m ou nting
On printed ci rcuit board . ' Spacin g: 5 /2 . 5 mm

P 1
P 2
P 3

R 29
R 52

25 kl1
50 en
10 en
5kn

10 k l1

+log. }
lin.

+log.

li".}
lin.

P otent iomete r-s appr-cx ,
with 4 mm shaft

16 m m dia,

All fi xe d r e eteto es t c a r bo n resistors m ounte d ve rtically on th e P C-board

(2 ) t ransmit crysta ls for hal! the output fr e qu en cy 72. · ·· MHz 1
HC-IB / D, HC -2 5 / U

2 (4) miniature s li d ing switches with tw o c hange ov e r contacts
2 j a c k socke t s for 2.5 mm plugs
1 coax ial socket nNe t ype UG-29 0 / U
1 m in iature dyn a m ic m icroph one. Z " 2 kO o r Ie sa .

Se nsitivity app roxtrnate.ly 0 .1 4 mV/ /.l bar wit h speech freque nc y
r esponse

I m iniatu re dyn am i c e a r p iece , Z • 500 fl , with cable
3 kn obs with scales tor 4 m m s haft s
1 9 V ba ttery o r nic kel c a dm ium accum ulator ( Varta Tr7 / 8 : 70 mAh 1
1 battery c on nector
1 c rys t a l holder for the second c ry s tal ( H C-25/U 1
I p rint e d circuit b oard DC 9 MD 00 1
1 cas ing.

A ll part s a r e a va il a bl e fr om the pu blis hers.

- ?2 -
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Fig. 5 : Componont ItlCat ion plan and PC.oollrd DC 9 MO 001
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3 .2. PRINTED CIRCUIT B OARD DC 9 MD 001

The circuit of the DC 9 MD walky-talky is built up on a 102 mm x 62 mm
printed circuit board which has b een designated DC 9 MD 001. Fig. 5 shows
an enlarged diagram of this PC-board a n d its component location plan . The
holes for most components should be m ade with a 0 .7 mm drill. A 1 mm drill
should only be used for the wider connections of the trimmer capacitors and
trimmer potentiometers . L a r ge r drills will destroy the small cop pe r surfaces .
4 .3 mm hole s a r-e drilled for the six coil formers ; the four mounting holes
are 2.5 mm in diameter. F in a ll y it is necessary for the small section on one
end of the printed circuit board to be removed with the aid of a saw or file.
This is to allow for the two mounting screws of the coaxial socket , and for
the cable.

25

DC 9 tolD 001

0.5 mm cress plate.---...;.;....,
68

Fig. 6: Screening panels

The scre ening panels should be built up and mounted into place befo re mounting
the other components onto the printed circuit board. T h e shape and the dimen
sions of the ae panels are given in Fig. 6 . T h e individual pieces arc soldered
together and mounted onto the print ed circuit board using short pieces of wire
which are placed through the PC-hoard at the designated positions. After this,
it is possible for the components to be mounted onto the printed circuit board
and for the three bridges ( 1 and 3 on the component side and bridge 2 insulated
on the conductor side of the board) to be soldered into place. Connection tags
are not necessary at t he connection points since all interconnections to the
components mounted on the casing are directly s ol de r e d to the printed circuit
board. Fig. 7 shows the complet ed board of th e prototype. The crystal holder
for the second transmit crystal is on the upper left hand side. If the second
channel is to be used, a cut-out on the printed circuit board must be provided
for this holder.

3.3 . P R EPA RA T ION OF THE CASING

T he light aluminum casing has the dimensions 120 mm x 63 mm x 34 mm. It
is provided with a U-shaped cover. Fig. 8 indicates the positions and the di
mensions of all holes and cut-outs required.

The microphone is glued into place. The microphone cut-out can be protected
against humidity using a piece of plastic foam . After this, the three potentio
meter, the two (4) sliding switches, the two jack sockets and the ENe socket
are mounted . A solder tag should be placed under one of the mounting screws
of the BNC socket which is then used as ground connection.
'4 -



F inally , the four brackets s ho wn in F i gu r e 8 snoutd be provided for mounting
th e p r inted circuit board and sc rewed t o t he casing. If a second c r-ya tal. is t o
b e used . th e ho lder uhou.ld be glued to the casing be e id e the BNC socket and
a c or r espon d1rlg c utout p r o vi d e d in th e p r inted ci rcuit board.

3. 4 . ASSE MB LY

The com ptcr cd printe d c i rcu it board is pla c e d besi de t h e c ompleted c asi ng as
shown in F i g . 9 . Mo at interconn e c t ion s a r e m a de with thin. screen ed cab le s.
The sketch given in Fig . 10 shows where t h e c a ble s and lead s a re t o b e s older 
ed. T h e g round con nec ti ons be t we en p rinted c i rcuit board and c as ing or cont rol s
are not made via the fou r b r a c k ets bu t with t he aid o f th e scre enin g o f the
indi vi dual cables a nd tw o ext r a g roun d connec t ion s . The interc on n e c tion s s ho ul d
be just l on g e n ough tha t i t is possib le fo r th e casing and p rinted circ ui t board
to Icrm a n a n gl e of 9 00 fr om an oth e r (a s i n I·' ig . 9 ). Figure 11 s hows the
Into rconnecr to na in t he form o f a wIring d ia g r am .

r-- "
~ 1--- - "

11
I "1

.1
,

.1

1.

,.. --
i-
t." --

Fig. 8 : Dimensional di~ra", of the case

4 . EX T E NSIO N FO R T WO C HYSTA L-CONTROLLJ::O CHANNELS
A ND A M/ FM SWITCHING

T he modiftcatio n o f th e t ransmitter for two e wttchable c h annels a s we ll as A M
or NBFM switchin g i s sho wn il l the partial ci rcuit diagram given in Fig . 12 .
T h e required crystal is groun de d vi a switch S 3 and is t hu s a bl e t o oscillate.
Crystal Q 2 i s the fi xe d c rys tal , the a d d iUona l cryst a l Q I i s p lugable wh ich
mealls that it can be e xch a llge d as r-equ i r-e d , - 75
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Fig. 9 : Photograph show ing the interconnecti ons betw een PC-board ancl control s

The narrow band frequency modulation is generated with the aid of the parallel
capacito r of 4 7 pF which is more or l e s s grounded by the diode in s t ep with
t h e audio frequency (2). Switch S 4a connects the required audio voltage from
t he modulato r transistor T 51 via a decoupling resister to t h e diode, wh e reas
during amplitude modulation the fi nal transistor of the transmitte r is m odulate d.
A s e c on d contact S 4b connects the fu ll operating voltage to the output s tag e in
th e FM mode so that it op e r a te s at the peak power level of a ppr-cx , 60 m w .

The additional com p onent s and connections have already been included in the
previous illu s t r a t ion s . T h e 47 pF c apac it or-, t h e 2.7 krl r esistor and t h e diode
arc soldered directly onto the c or-r-c sponding conductor l ane s . An insulated
suppo rt point can be provided by s e para tin g a pi e ce of t h e ground surface fr om
ground with the aid of a file.

5. ALIGNMENT

The printed circuit board shoul d n ow b e installed so that the conductor lanes
and c ont r ol s a rc accessible for measu rem e nts. The cover of the VFO casing
is soldered into pla ce after com pletion of th e a l.Ignm e nt ,

5.1. ALlGNMBNT OF THE TRANSMITTER

1. T un e a two metre r eceiver to twic e the crystal frequency .
2. Switch S 2 to tra nsmit, s w itch S 4 to FM.
3. Connect a t e rminat in g r esistor ( ant e nna) vi a a r-eflectom ete r (3)

t o t he BNC socket . - 77 ~
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4. Adjust trimmer r e s i st o r R 52 to the base end s o t h at transistor T 51

is blocked .
5 . Connect the 9 V battery via a m.A c-met e r-,
6. Adjust trimmer capacito r C 58 for minimum capacitance
7 . Adjust trimmer capacitor C 56 and inductance L 50 until t h e oscillator

is audible on the receiver.
8. Increase the capacitance of C 58. Current should in c r e a s e , realign

the crystal oscillator if it no l on g e r oscillates due t o the higher load.
9 . Adju st trimmer capacitor C 60 and C 62 as well as inductance L 51

for maximum indication on the r-efkectomet e t-, F ind the optimum
position for capacitor C 58.

10 . Allowing the transmitter to c ont inu e t r ans m itt in g, place switch S 4 to AM.
Measure the collector voltages of transistors T 50 and T 51.
Nominal values are giv e n in Fig. 3.
Adjust the voltage at T 51 with trimmer resistor R 52.

11. Attempt modulation. T h e optimum frequency modulation should be adjusted
with R 52 and L 50 . Optimum amplitude modulation is ob tained by carrying
out the described peak-power alignment in the FM position and subsequent 
ly reducing the carrier to 1/4 of the ou t put power using R 52.

5.2. ALIGNMENT OF T HE RECEIVER

1. Insert the earpiece, pl a c e switch 52 to receive. Me a su r e the total current
and the nominal voltages as given in Fig. 4 .
Align the audio output stage with the aid of trimmer resistor R 29.

2. Align the resonant circuit of the VFO ( L 7 . C 37 ) with the aid of a
dip -meter to approximately 134 MHz.

3. Couple the dip-meter to in du cta n c e L 5, fu lly insert the cores of circuits
IF 1 - IF 4 and tune the dip-meter u nt il a . f r e qu en cy in the region of
10. 7 MHz is audible. The IF circuits can then be aligned for maximum
volume of the m odul a t e d dip -meter.

4 . Connect an ant enna fo r the 2 m band and tune in a strong signal or one's
own transmitter. It may be neces sary for t rimmer C 37 to be tuned
somewhat.

5 . Align the VHF circuits of t h e preamplifier and m ixer stage for optimum
reception reducing the signal of t h e transmitter at t h e same time . Correct
the alignment of the IF circuits.

6. Solder on the cover of the VFO c a s in g ( only at t wo corners)
7 . Ad just the VFO r an ge with the aid of signals o f known frequency

( c alibration spect rum generator) . The width of the tuning range can be
alt e red by exchanging c apacitor C 36. The po s ition is dete rmined by
t rimmer capacitor C 37.

8. T un c in a n extr e m ely weak s i gnal and carry out a fi n e alignment.
The pote ntiom et e r P 1 (HF-gain I s h ould not be adjusted fo r highest
noise but for the opt imum r ecept ion.

9 . Du e t o t he diffe r e nc e betwe en indi vidual tra n s i sto r s , it i s advisable in
s om e c a s e s for the oscillator volta ge to be va r i ed a t t he mixer stage .
T hi s is the reason why the cou pling c apacito r i s split u p; capacitor
C 9 i s accessible outside of the s c reening can .

After the alignment ha6 been made. the p rinted circuit b oard can be screwed
into plat e and th e VFO screening lid can be s ol d e red at all four c o rners. A
fina l care fu l correction of th e alignment c ompletes the procedure .
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6. AVAI LABLE P ARTS

T he printed circuit board as well as a complete kit including all parts such as
capacitors, resistors and ca sing are available from the publishers or their
nation al r epresentatives . Please see advertising pages.

7. REF E RENCES

(I) K. Maiwald: A Bandpass Filter for 145 MHz Using P rint ed Inductances
VHF COMMUNICATIONS 1 (1969). Edition 4, P age s 205-208

(2) G. Damm : Frequency Modulation of Crystal Os cillat o r s
by Use of Resistor Diodes

VHF COMM UNICATIONS 2 (1970) , Edition I , P age s 25-27

(3) Rs Gr-iek: Striplin e Refl ectom ete r-s
in this E dition of VHF COMMUNICATIONS

VHF- UHF MANUAL

uhf-uhf """""" """"

_.....-_.._..-

A handbook for the VHF amateur published
by the Radio Society of Great Britain

• Circuits and technology covering from
basic principles to complicated microwave
equipment

• Excellent reference boo k for the VHF
be ginne r and experienced amateur

• 241 pages with detailed circuit descriptions
and assembly instructions

• Both European and American Tube and
Semiconductor type s are used

• Extens ive Propagation and Antenna Infor
mation

Price DM 15.20 or national equrvalerrt
(including postage)

Available from :
UKW-BERICRTE, H.J .Dohlus oRG, DJ 3QC
D-8520 ERLANGEN - Gtetwttzer stra s se 45

(Western Germany)
or National Representatives

Deutsche Bank Erlangen, Konto 476325
Postscheckkonto Nuernbe r g 30455

VOLUM E 1 (196 9) and 2 (1970) of VHF COMMUNICAT IONS

We would like to point out that all previous copies of VHF COMMUNICATIONS are still available.
Since our m agazine contains only tec hnical articles of continuing interest and value, we ensure
th a t back copies can always be provided lor later subscribers. The price of the complete Volume 1
(1969) or 2 (1970) is DM 12, - - each for su rface mail or DM 4, -- for individual copies. The
airmail prices Can be obtained from your national representative or from the publishers.
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A Q UADR UPLE Q UAD ANT E NNA
AN EFFICI E NT P ORTABLE ANTENNA FOR 2 MET RES

by M. Ragal le r-, DL 6 DW

An unus ua l a nt e nna is to be described which basically com pris es four stacked
tw o-el ement quad antennas to r 2 m : the quadrupl e quad. however. does not
co nsist of four separate anten na s , but represents a m ec hanical and electrical
un it by arranging the four r adiators above another with A/4 spaclng. F ig . 1
show e a d r awing of the antenna.

1. C HA RA CT E RIST ICS

The stac ked quad exhibits a gain of 11 - 12 dB r efe r r ed to a ),/ 2 d ipole a t a
total he lght of little m o r e than 2 rn , The ga in is a c hi e ved mainly due to the
energy concentration in the vertica l pl a ne . Tbe ho r izon tal lobe is relative ly
wide . T his is especially fa voura ble for portable ope ration because the antenna
need not be rotated so often as when using antenna s whose ga in is achieved by
dec reasing the width of the horizontal lobe.

The ante nna - ga in measurem en t wa s ca r r i ed out as roncwe: The stacked quad
wa s connect ed via a calibrated a ttenuat o r- to a 2 m etre r eceiver that was fed
with a s ta bil i zed operating voltage . Tbe S-meter reading was kept at the same
value by va ryin g the attenuator- Hnk, This means that the charact e r i s tic s of tbe
receiver do not a ffec t the accu racy o f the measurement . Th e acc u racy is mere
ly dependent on the char acte r istics of the attenuator- link a nd on the environ 
ment. A s m all crystal -controll ed t ransm itte r fe d a dipole spaced 200 m from
th e receiver. The operating vo lta ge of the tran sm itte r was a lso s t a bilized .

Du r ing the measurement s. a Ir-ont -Lo- bac k ratio of approximate ly 23 dB was
delennined. In a dd ition to th is. It was found tha t e nv ironm ent a l effects su ch
as a djustm e nt s on the antenna a nd walking ar-ound the a ntenna only cau s ed slight
variation s on the given antenna cha r-act e t-i st ic a , This featu re. which is also
exhibited by the HB 9 CV antenna, ca n be very valuable whe n space is limited.

2. DIMENSIONING

Thre e d im en sions are ve ry important for the charac te ri stic s o f a two-element
quad a ntenna : The ci rcumfe rence of the d r iven element ( LD J. the circumfe
rence of the r e flec tor e lement ( L R ) an d tbe s pacing be tween the d r ive n ele
m en t a nd the reflec tor. The dimension s gi ven in t~ ig . 1 de viate from the r-e ,
com mendations of th e list ed r efe r e nc es . T he r ea sons for th e se deviations 
that we re o bt ained e xpe rimentally - wil l be described in the followin g section s .

2 . 1. DIMENSIONS OF TH E DIUVEN ELEMENT

The dimensions given in Fig. 1 fo r the driven e lement of 516 mm per side
( corresponding to a circumferenc e of 2064 mm) correspon d ex ac tly to X. This
deviate s from the recommendations of (1). whe re r e son an ce of the driven ele
ment was present without addi tion al stubs when the tot a l of rcum re rence of the
quad wa s a pproximately 1.5% gr eater than A. The de scrib ed s tac ked radiator
is. ho wever. really in resonance a t 145 MHz which the au tho r assumes is
d ue to the s hortenin g effect of the relatively thick " rungs" used. A mean
shortening fac tor of approx1ma te ly 0 . 96 - which wa s a lso give n in (1) - wou ld
even ove rcompensa t e fo r the r e qui r ed lengt he ning fa c tor of 1.015.
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2.2 . REF L":CTOR DIM ENSIONS

T he ci r oum t e rence o f the r onectcr am ounts t o t wice 51 6 m m and twice 558 mm ,
e. g. to a tota l of 2148 mm. 'rnee e dimension s c o r-r e s pond t o 1. 04 A, which al s o
devi ate s from th e values g iven in (1 ) . During t h e measurem ents. it was foun d,
h owever, that t hese dim ensions together with t he s e le ct e d s pacing between drive n
e l e m e nt and r-eflec t o r- exhibUc d a htghe rrr-cnt - fo -bac k r atio and a l owe r en vi r on
m ental depend e nc e.

2.3 . SPACI NG BETW EEN DJUVEN ELEME NT AND REFL E CTOR

whereas a s pacing of i7 8 m m (0.08 A) is r-ecommended in (1) between tha
driv en e lem en t and r e fl e ctor in orde r t o obtain a f,-,elll' 0i nt imp edance of ap pr-o».
70 n . t he author increased the s pacing to 516 m m ( 0 .25 A ). At a spacing of
0 . 15 A {mos t fa vou r a bl e value a c co rding to ( 2)) a nd l e s s, it was fou nd that t he
trent - to - bec k ratio was ve r -y depend e n t on the environm ent. Since it was a lso
mention ed in ( 2) th at the inductive com ponent of the feedpoint im pe d anc e wou ld
be var-i ed t ow a r d s zo ro on inc r-ca s tn g t h e re fle ctor- spacin g and that the a c ti ve
com pon ent wi ll he Inc r-ea sed with c on s t a nt gain , t h e autho r decided t o use th e
la rger spa c in g ,

3 . C ONSTRUCTION

T h e most important d e t a il s fo " t he constru ction a r~ given in "·ig. I . The four
stac ked dr-iven clem ent s and r e fl e ctors are made u p f rom twiated c oppe r wire
a nd b ra ss tube ( for t h e rung's ). They are joined toge t h e r by t h r e e 5 16 m m l on g
bras s tubes of 6 m m diamet e r-, Sm al.l.er- d t-aw tn gs show th e conn e ctio n p oints
and t h e fe e d poin t , An elec t r i c a l A/ 4 piece of 240 11 t w in lead i s c on n e cted a s
a "" tub t o the fe cdpotnt.. A 60 U b alun is c onnected t o points "X" - "X" . The
balun is built u p 81'1 s hown in the d ia g r am f rom a fe rrite core w ith two hol e s
into whi c h a 120 n t win lead ha s been inserted . T h e position " X" - " X" must
be fo u nd e xpcrimentally in orde r to obtain t he lowest s tanding wave rat io . In
the author' s Case, t h i s posit ion was fou nd appro xi mately 200 m m a bove the open
end of the s tub.

4. E XP ERJENCF: GAINED WITH TIlE QUAD RUP LE QUAD ANTENNA

T he d escri bed a ntenna is ve r y neutral to wind which m e ans t hai it will not be
rotat ed. T b.ie characterist ic i s very u s eful d uring portable operat ion . A 3.5 m
or 4 m long rnaet c a n ea s i ly be made out of tent poles . T h e mountin g of t h e
ant enna is carried out very quic kly because only t h e th ree interme di a t e tube s
a nd the antenna c a bl e have to be c onn e cted . T h e dismantl ed antenna c an be
r olled up and easily be a c c omm odated in a ruck sac k . The a ntenn a c an a l s o be
hung f rom a tree o r buil d in g, e tc. and can be rot at ed using two guid e lin e s
whic h are drooped from the l owe r c o r n e r s o f t he ante nna to the g round. Using a
1 W t ran sm itte r a nd th e d e s c r ibe d antenna, seve ral contacts were made over
a di sta n c e of 57 0 km betwe e n the Yugo s lav ian c oa s t at Pul a and Lecce/Coper
tin a in Italy . T he ant e nn a h e i ght was only 10 m ; of course , t he evening inver
s ion s above t he Adriatic Sea he lpe d to achiev e the r e po rt s of 57 to 58.

5 . REFERENC fo.: S

O J K . Rot h amm e l: Antennen bu c h
Deut s che r Mil Wirv e r l a g , EdUion 7 (19 69), P a ges 219 , 22 0, 4 23 , 4 24
Teleko s m o s - Ve r l a g, St utt ga rt, E dition 3 (1968) , Page s 142 , 303. 304

(2) Rint , Ha n dbu ch rur- Llochf'r-e quena-. und Elektrot ech n i ker
Ve rlag fur Radio. Pn cno-', Ktnot ech nfk , Be r lin. Vol II, P a ges 39 5 etc.
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STANDING WAVE RATIO AN D CA BL E ATTENUATION

by J. Stu rm, DC 6 YE

A standing wave meter o r r-ef'l.ectornete r- is becoming more and more a standa rd
piece of measuring equipment of radio amateurs. In order t o simpli fy it s u s e ,
the following article is fi rstly to provide a table for c a lib r atin g the s cales o f
home-made units. Furthermore, the effect of c able attenuation on th(> result
of the measurement is discussed and a diagram for correcting this i s given.
Since the cable attenuation must be know n, finally a table is giv en with th e
essential specifications of a number of modern coaxial cables.

1. THE STANDING WAVE RATIO

The standing wave ratio ( SWR ) i s u su a lly determ i ned by adjusting t h e forward
power reading to full-scale deflection ( 10 0% ) an d subsequently r eadin g o ff the
reflected pow er r eadin g . The standing wa ve r a tio i s obtained ac cording to t h e
following fo r m ul a :

I +

SWR

I -

This form ula has been u s e d fo r c a l cu l at in g a number uf values . T'a bf c I is the
result of this and will sa ve the reader a cons.ide r-ab.le amount o f calculation .
The SWR value c o r r e s pon ding to the reflecte d powe r reading as well as the
reflected power P r e n. in percent of t he forwa rd power can be read off directly.

1.\-efl. SWR Pr e fl . 1.\-efl . SWR Prefl. Ur e fI. SWR Pr(>fl. Ur e fL SWR Pr e fL

I.O 1. 02 0.01 5.7 1. 12 0.33 20 1.5 4 43 2.5 18

I.5 1, 03 0 .02 6 .1 1.13 0.37 23 1.6 5.3 44 2.6 19
2.0 1. 04 0 .04 6.5 1. 14 0.42 26 1.7 6 . 8 46 2. 7 21
2.4 1. 05 0 .06 7.0 1. 15 0.49 29 I.8 8.4 47 2 .8 22

3.0 1. 06 0 .09 7.4 1.16 0.55 31 1.9 9.6 49 2.9 24
3.4 1. 07 0.12 7.8 1, 17 0.61 33 2.0 II 50 3 .0 25
3.9 1. 08 0.15 9 .0 1. 20 0.81 35 2. 1 19 60 4. 0 35

4.3 1. 09 0.1 9 II 1. 25 1. 21 38 2.2 14 71 6.0 50
4.8 1. 10 0.23 13 1.3 1. 69 40 2.3 16 82 10 67

5 .2 1. 11 0 .27 17 1.4 2.89 41 2.4 17 10 0 00 10 0

Table 1: Determ i nation of the standing wave ratio and t h e re fl e cted p ower fr om

the u-sn. reading.

2 . EFFECT OF CABLE ATTENUATION

Normally , the refl ectomete r i s l oc ate d in the vicinity of the radio station, and
t h e r efore , at the commencement o f a more or l e ss l on g ant enna fee de r . Wh ere
as the forward powe r is measured di r e ctly a t t h e t r a n s m itt e r , the pow e r t hat
is classed as the refl ected powe r will have po ssed th r ou gh the c a ble in both
d i r e ct ion s before be ing i ndi c a ted . T his m e ans t ha t t h e att enuat ion of t h e refle ct
e d powe r along t he cable p r e viou s t o the mea su rement will dec r e a s e t h e r e 
flected power r e a d ing an d will thus im prove the measu red s tanding w a ve r atio.
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Th i s er r-o t- can be avoided by pla cIn g the rerlectomete r directly a t t he antenna
o r by t a kIng the attenuation into conside r ation by c alculating the cable attenua 
tion . On e exam ple m ay Ind ic ate the necessity of su ch a co r rect ion : An indica t ed
standin g wa ve ratio of I. 5 1 t o ge t he r' with a c able a ttenuatio n o f 6 dti
( 30 met re s of RG 58 C/U at 14 5 MHz) would mean a n actual l:i tanding wa ve
ratio a t th e ant e nna of 9 : I or a reflected pow er 01 650/. I

The diag ram given in Fig . I a llows dete r-mination of the a c tu al standing wave
ratio as a func tion o r t he cabl e attenuation.

/ V

1/ / I

/ V

I
1//

102 t oe toe 108 u
SWR atth einput of the feed er

0
e.0

6.0
I

5.o I
o RI I,

I sc / /

r0
0/

0 /
/ II

I "" I
~' ""p e

": '6
£ 1. 5

/"~ "
~ , / / /~1.

, / / / 1/
1.

VV / V/ /
1.,

Fill· 1

- 86



A load impedance X deviating from the impedance Z of the cable will be trans
fo rm ed into an tmpecance X' by the cable up to the transmitter output. The
transmitter output s tage is now tuned for maximum power r eading. After re
m ovin g th e ronectomete r, the cable is shorter by t h e length of the r-eflecto-,
mete r which means that the load impedance X is tran sform ed to another impe
dance X". The different reactive com ponent then dctuncs the output stage and
t he di ffe r ent r eal component represents another loading. Hoth effects result in
a r eduction i n ou tput power.

If t he transformation r e lationship s hould not be affected on inse rting the re
Il e ctomete r-, the measuring le ad must be brought to an electrical length of ></2
using a n additional length of cable . If the measurements are to be made at
different f requencies , a special exten sion cable is r equired for each frequency.
The m ech anic a l length of the rerlectom ete r--cabte combination should be
V x >< / 2 . The velocity factor V for the cable possess approximately the follow
ing values:

Solid polyethylene dielectric
Foam polyethylene dielectric
P T F E ( T eflon) dielectric

3 . DA TA OF SEVERAL SE L ECTED CA BLES

v
V
V

0.66
0 .82
0 .7

T abl e 2 lists the specifications of a number of selected c ables for establishing
the attenuation of t h e antenna feeder . For each plugged connection, clamps etc .
a pp r oxim ately 1 to 2 dB should be added . The values given in table 2 are based
on list ed values and a r e t ailored to the amat e u r frequ e ncies. Atte nuation and
power va lu e s wer e obt ained by interpolation , the va lues given i n b rackets were
found by extrapolation.

T h e given transmission power is t h e maximum v a lu e at an ambient temperature
o f 4 0 °C and e xact m a tch in g. In practical operation. t he amat eur should remain
well below these power limits due to t h e standing waves t hat will be present.
T he price comparison is only provided to allow t h e amateur to compare t he
t echnical s pecifications against the expense of such cables; of cour s e , the pur 
chase price for the ama teu r can diffe r greatly from t he se p rices according t o
t h e s ou r c e . A large number of companies require a m ini m um o rder which can
am ount t o hundreds of metres .

Cables with PT FE (Teflon) dielectrics are approximately ten times as expensive
as normal cables and the attenuation values are not considerably better. Their
improved heat resistan ce and insulation values are hardly of interest to the
am at eu r. The R F cables acc or d in g to military specification MI L-C-17 with their
higher frost resista nc e and further m echanical characteristics are of unneces 
s a rily high quality. T h e attenuation values of su ch cables are mostly unfavour
a bl e when c on s ide rin g the price . Surplus RG cables m anufactu r-ed during the
fifti e s will probably no longer correspond to the values listed a t that t ime;
Coaxial c able s with stranded inner conductors should not be used for fi xe d in
stallations, becau se, fi r stly, they are m ore expensive, and, secondly, possess
a 20'70 h igher attenuation than cables with solid inner conductors .

C ables with foam polyethylene dielectrics have a favourable attenuation -price
relationship, however, sharp bends must be avoided on installation because the
inner conductor is not so weU centred as with solid dielectrics. Solid dielec
t r i c s provide a better longitudinal constancy of the impedance. _ 67



Cable No: 1 a 3 4 5 G 7 8 9

Inner conductor diameter
in mm - Type: 1.4 1.4 2. 3 3 .5 0 .48 0. 5 1 0.9 2.3 6.3
Solid, s t r an ded, t ubul a r 8 8 8 8 81 81 81 81 Tub.

Dielectric :
Solid polyet hylene FE
Foam polyethylene F PE F PE F PE P E Air PE PTFE FE PE A i r
Tenon PT FE

Sh e at h diamete r
6.5 7 .2 12 .6 16 2.54 2 .79 5.0 10 . 3 23in mm

Im p e danc e o 60 GO 60 60 50 50 50 50 50

Attenuation in
29 MHz

(3 . 5) (3. 2) 2.3 1.3 15 15 8.5 3 .4 0.83
dB/IOO m - - 3300 6000 - - 550 19 00 9500

Underneath :
145 MHz

9 8 6 3 39 4 0 20 8 .7 1. 9
max. powe r - - 1300 2600 - - 220 760 4 200
in watt

18 14 11 5 .5 69 70 34 15 3.3435 MHz - - 710 1500 - - 130 380 2400

1, 3 GHz
( 36) ( 28) 22 9 (130 ) (140) 65 32 6
- - 350 850 - - 70 210 1300

Price
15 7 161 70 5 2050 126 131 08 478 2270

relationship

Cabl e No. - Manufacturer - type of c able

1 Ka th r e in-We r ke, Ros enh e im W.Ge r m any, Type 6754
2 Ka rl stolle Kabel und Antenn enfabt-Lk, L iinen W. Germ any, Type 0514 S
3 AEG -Telefunken, Type HFE 2, 3 / 10 B
4 AEG-Telefunken Typ e Flexwell H F 3,4 / 10
5 Amphenol and other comp.., type RG 174/U (subminiature)
6 Ampheno1 a nd other comp,, type RG 188 A / U "
7 Amphenol and other c omp . , type RG 58 C /U
8 Amphenol and other com p ; , type RG 213 /U (formerly RG 8 A/U)
9 AEG-Te l e funken , Type F lexwell HF 5 /8 Zoll

When connecting coaxial cables, attention must be pa id that no humidity i s able
t o find its way into the c oa x ia l c a bl e . Very special measures must b e tak en
with air-spaced cable s where special air-tight connectors o f the cable manu
fa c t u r e r should be used .

4. RE F E R E NCES

WNFB No. 2/Au g. 1969 a n d No. l/J a n . 19 67
Bird Elect roni c Corp . , Cle ve l a nd/Ohio
Data sheets of the m ention ed manufacture r s and dis t r ibutors
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SIMPLE ST Rl PLINE REF L ECT OM ET E RS F OR
144 MHz and 432 MHz

by R. G riek. OK 2 VF

T he following a rticle describes tw o refl ectomete r-s : one Io r the tw o metre and
one to r t he 70 centim etr-e band . T h O:' main and auxiliary arm s a r e etched on a
doub le - coat ed p r inted circu it board . T he connect ion s oc ke t s , t e rminating r esis
tors and de m odulator circuits are a lso accommoda ted on the printed cf r-cudt
boar d whic h m eans that construction is extrem ely s imple . F1gure 1 sho w s ph o 
togr-aph s of both r-eflectomet e r-s , Of co urse , such t-efl.ectom ete r-e are not suitabl e
tor high -prec is ion measurem en t s bu t are aufffc .ie nt ror general measurem ents
and continuous m onitor ing or a ntenna system s fo r two metres and 70 centi
metre s .

-

•
Fio;l . 1: The two Itri pline reflectometerl oeen from thll conductor , 00 c:omponent lide - 89 -



1. CONSTRUCTION

Figure 2 shows the conductor and component side of the printed circuit board
of the two metre reflectometer, which has been designated DK 2 VI<' 001. The
dimensions are 90 mm long and 80 mm wide. This compact design has been
obtained by using arched lines. The auxiliary arms are connected together and
possess a common terminating resistor having- a value of half the line impe
dance.

The same is , of course, also valid for the 70 em version of the reflectometer.
Its PC-board is designated DK 2 VF 002; the dimensions are 73 mm long and
57 mm wide. The conductor and component sides of the 70 em reflectometer
board are shown in Figure 3.

The copper coating on the component side of the printed circuit board is only
removed at those positions where the components are connected through the
board to the conductor side. The coating can be removed using a 4 mm drill
or similar. All grounded connections are placed through the board and are
soldered to the ground surfaces of both sides. The coaxial sockets ( ENe:
UG ~ 1094!UJ are shortened with a saw and file so that they can be directly
soldered to the ground surface on the component side of the board. The centre
connections are passed through the board where they are soldered to the main
arm . Another possibility is for 9 .5 mm holes to be drilled in the printed cir
cuit board; the nuts of the sockets are then screwed on so far that the thread
ing corresponds to conductor surface of the PC-board, where they are soldered
into place. Straight, short as well as thin copper or brass strips are then
used to connect the centre pins of the sockets to the shortened conductor lanes.
This second possibility obviates the need of shortening the BNC sockets and
the two ground surfaces will be connected together by the sockets themselves.

Although they can be used as they are, the reflectometers are usually enclosed
in a small casing made from metal sheet or PC-board material. The conductor
lanes should be spaced at least 10 mm from the casing.

1.1. COMPONENTS

The following components are required per reflectometer:

2 Coaxial sockets: BNC type UG 1094!U for single hole mounting
2 Germanium diodes AA 112, OA 90, 1 N 87 A or similar
1 • Trimmer resistor 100 rl for horizontal mounting in standard spacing

10 mm!5 mm or a fixed resistor of app rox- 30 n ( see Section 2 )
2 Bypass capacitors 10 - 22 nF, 5 mm spacing ( for OK 2 VF 001 )
2 F'eedth rough capacitors 100 - 500 pF, appr-cx, 4 mm dia. (for DK 2 VF 002)

2. ALIGNMENT

The two DC outputs of the described reflectometer are connected to a jJ.A meter
via a single-pole switch and a 100 krl potentiometer. If a 100 jJ.A meter is used
full-scale deflection will be obtained at approximately 30 mW with DK 2 VF 001
or 100 mW with OK 2 VF 002. A I rnA meter requires about 100 mW at 144 MHz
( DK 2 VF 001 ) for FSD. At higher power levels, the reading is reduced using
the 100 krl potentiometer.
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."
Fill. 2 : PC-bo.rd OK 2 VF 001 for the 2 m reflectomlltllf

F 't- 3 : PC-board OK 2 VF 002 fOf the 70 em retleetometel'"
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F o r the a lignm ent, the a ntenna socket i s terminated with a n accur-ate t"'rminat 
in g r esi s tor . The fo rw a r d powe r- reading should now be adjust I'd to 1 00% a n d
the trimmer pot ..ntiorneter termin at ing the auxil ia ry arm Ie alil,'lled for' low est
r eflected power ro:'llding , Stncc the forw ard powe r reading will also be atte red ,
i t i s nece s su ry to cor-rect thi s ailgnment several times . T he trimmer porentio
m ete r c an th e n be replaced by a fi xed re s rs t cr- of t h e aame va lue between 25 n
and 3511. If the r-eflcctomote r- is to be u sed at a n irnpedanco of 60 ~; , the re 
qui r-ed value will bo about 30 Q , fo r 52 n = 26 n and 70 r, = 351, c-tc. Th e

' a ut ho r was able to r-educe the r-e fle ote d power r ead ing of the 145 MHz r e rl e c 
tomete r- ( UK 2 Vi" 00 1 ) further by winding the connection lead of a 33 U r e lS is 
tor in a he lical rn anno r- (-I tu rns on a 1.5 mm fo rmer ). However, such mea 
s u res must be foun d expcrimentally,

3. OPF-RAT IO N

The stan din g wa ve t'at in ( SWH ) is usually m e a sured by adju!;tin~ the forward
power reading to full ec alc defl ection ( 10 0%) and sub s e qu ently r-eading off t he
reflected power tndtceuon. The standing wav e ratio is obta ine d accordi ng toth e
followin g rormu tc t

SWH =
1 +

L'refl.

Vro r w .

Ur- e fl •

U tor-w •

A t a ble calculated accc r-dmg to t his fo rmula i s given i n Table 1 of (1) . It also
li sts th e r-e fle cted power as a func tio n of t h e s tan di ng wa ve rat io.

It i s also mention e d in (I ) how high -quality t e rmin ating r e s i s t o r s ca n be manu 
facture d at h om e : On e only r equires a 5 0 or 100 m etre roll of coaxial cable
which offe r8 a n a tte nu a tion of 10 d B t o 20 dB at t he f r e quency of inte re st . The
i n put of t h e cable is provided with a coaxial plug and t he output terminated with
a 60 n , 5 2 n o r 70 n r e etstor a c c o rding t o the tm pe c an c e of the line . A normal
ca rbon resisto r i s suitable .

If the st andin g wa ve r atio a t the end of the caoro i s , for to s terc t' , 3 . 0 : 1 , it
will be seen in Figure I o f (1) that with a c able attenuation of 10 d B, a sta nd
ing wa ve ratio of 1 . 1 : I at th e c a bl e input will b e present. With a c a bl e atten 
uation of 20 dB, t h is will be even r e du c e d to the very a c c eptabl e va lue of 1. Oi : 1 ,

The powe r c a pacity o f such "terminating resistors" f s ve ry high. For in s tan c e ,
if 100 W is fed to the input o f til t' c abl e , the c a r bon rc arstcr- will only have to
dis s ipate I W if th e cable attenu ation am ount s to 20 dB . The cable length cor res
po ndi ng to th i l>' and other attenuation value 5 are -give n i n (I) fo r v arious cable>; .

4. AVAILABLE P ART S

T h e printed circu it boa r d s DK 2 VF 001 and 00 2 a r t' available from t h e pub 
lishers or their national representative s . P lease see advertising p a ge ,

5 . R F.FER E NC ES

(1) J,Sturm: Standing Wave Ratio and C abl e Attenuation
In this edition of VH F COM MUNICA TIONS
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OSCAR f) - TECHNICAL DESCRIPTION AND PROJECT STATUS

taken from several A M SA T publications

The next amateur radio satellite is a lready in development and, partially undc r

c on s t r uc tio n. This satellite is called AMSA T - OSCAH - B ( A -O -B ) before
la un c h and will be designated OS CAR 6 w h en i n orbit . The Radio Amateur
Satellite Corporation, a bbreviated A MSAT, in Washin gt o n, D. C. in USA is
responsible for coordination of the project. The individu al modules come from
amateur groups in Au stralia, Europe and the USA.

The task of A.l\1SAT is to develop amateu r radio satellites with a long operatio
nal life. This is to be achieved u sing solar cells as power sou rc c , The regular
a nd reliable usability of such satellites i s especially designed to improve ama
t eur radio communications on the VHF and UHF bands of 144 !'11Hz and 432. MHz.
Future amateur radio satellites , commencing with OSCAR G, are to carry inte r .
nationally usable repeaters for amateur radio communication .

Concrete r-...comm endations were available after A M SAT published t h e conditions
for the AMSAT- OSCAR -B satellite (1) in Ma r c h 1970 . A detail ed description
was passed on to the NASA some time ago; the following sections a r e to gi ve
extracts from this r epo rt (2.), which t he e dito r s consider will b e of inte r est .

1 . TECHNICAL DESCRIPTION

A - O -U is a small sat ellite that allows radio communication betwe en modestly
e quipp e d amat...ur r a d io stations . The spacecraft will be equipped with two or
th r ee alternately operating repeaters . a multi -channel command decoder unit
and a telemetry system . Thc power is t aken f r om s ola r c ells . T he satellite
will be constructed for a life of at least one year .

1. 1. G ENE RAL DATA

OSCAR 6 i s to b e b rought into orbit in t he s a me manner as OSCAR 5, as by 
p ack on a THOR- DELT A -Rocket . It is hoped that a circular orbit over th e
polel; will be obtained ( 90 0 with r-eapect to t h e equato r ) at a height of 12.00
to 1600 km , which is the s ame a s for the weathe r s a t e ll ites of the ESSA series.
The s hape of O SC A R 6 , o r A -O-B is specified by the SE COR satellites that
are u sually carried as bypack with the THOR - DE LTA . T h i s is because the same
mounting st r-uc tu r-c is to be used . T h e virtually cubical shape of the satellite
has the dimensions of approximately 35 cm x 30 cm x 2.5 cm; its weight is in
the order of 2.5 kg.

One of the three axes is stabil ized in orbit using a perm anent magn et rod. The
same d evic e was used successfully in Australis- OSCAlt 5: The s atell it e axis
was parallel to the magnetic line s of the earth within a week after launch. Since
the two other axes ,·emain un stabtjIz ed, which means that the satellite can roll
about t he two other axes, only omnidirectiunal or at best, dipole antennas can
be used.

The area of the satellite surface covered with solar cells together with the
calculation of the time that the satellite is in the shadow of the earth ( during
which a nickel -cadmium accunrulato r is used for the power supply l, su ggests
that a continuous primary power of 6 to 8 W can be expecte d ,
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1. 2. T HE: HEPEATERS

The repeute re o pe rate alteITlatd y a nd ar-e s witc h e d 0 11 and off by a ttmc- r, "0"_

c ve r-, a s peci fi c r-epe-a t er- can be st:'l",e t",d a m! tilt· output power ."mtT..,llt-d loy
r-em ote control r rom the ground sta ti on, Each rc pvnter radiates a be acon I r-e .
quency rn odula t ed with telemetry " ignall; at the band limit o f it s transm it band .
Beside s pro v id i n g the roqu i i-e d m e a eurcd v a l u",'s, it Is lll';eful a" a Irequenc y
and fi el d -strength standa ,·d . T'h e be a c on signal sfm pltftes the aJigrnn,'nt of the
antenna for th e a m a t eu r groun d station and onab je s a c om pen s ation of t he
Doppler shift and selection o f the r ",qui r e d t r-an e mit power,

The r epeat e r-s use the 2 m and 70 em ba nd fo r' up li nk ( from t he g l'oun.1
s ta t ion t o the sate llite) and t h e 10m, 2 m a nd 7U vrn band s for dow n Bilk
( fr om the setettne to ground ). Til l!:; m e a n s that ra d io am at eu r s e4uipped fo r
duplex operation c an mon itor thctr- own s i gn al and tr-ausmit frequency and <Ire
able to matc h their' output p ower and transmit f r-e quency to thp changing cond i 
tion s . It would al s o be possible for the ground station to u s o an a utom atic fr e 
qu e ncy and p ow e r c ont r ol system .

1, 2.1. T HE FM -HE PEAT E R

Tbe first r-epr-a ter- i s t o be developed a nd con st r-uc ted by t he Project Au st r-nl i s
G r-ou p in Melbourne , Australia who also con str-uct e d tli t' Australis-OS CAR 5 .
For OSCAH 6, Do F'M rep e a t e r with fou r chann e j s is pla nuod, T he ga in and out
put power for ouch o f the four ch a nne l s can be c ont r-olIr-d from the ground; the
maximum out p...: po we r i s 1 W pel' channel.

T he foll OWing frequencies are plan ned :

Up link:
Down link:

14 5 .800
432 . 200

14 5 . 850
432 . 250

145. 900
43 2. 300

14 5 . 9 50
4 32 .350

M lb.
Mil 1_

The 2 m e tgn al s from the ground station are d e m odulat e d and pas sed to <I
transm itter operatin g on t h e c o r r e s p ond in g 70 cm !r'Nlul:'ncy whic h ret r an sm tts
the signal to g roun d . The r-epeate r is provide d with an automatic fr-e quency
control in orde r to compensate fo r the Doppler -shift a s we ll as fo r corn penser
l ng for e xc e s s f r e qu en cy deviation. Th e r-ece-ived signal s are ha rd am pli t ude 
limited in t h ts r epeater; th is m eans that it ....ill only be able to transpose
frequency -modulated transm issi ons.

1.2.2 . TH E LINEAR REPEATER

The sec on d r ep e a t e r , which i s t ill' r ",sjlonsibility of t he Eu ro- OSCAH IP 'OUP of
UJ 4 Z C/DJ 5 KQ in Marbach, West Ge rrnany , is a Iin e ar r-e p e ate r-, Thi ll means
tha t the 50 kH z bandwidth is abl c to be u s ed fo r any modul at ion m ode, T he
r-e pe a t e r- operate s according t o t il l' " d a ti ve ly 111'1'.' techn iqu e of elimina tion a nd
r estoration of the e n velope of a sign a l to obta in hi gh e ffi cil-ncy fo r the limited
powe r system o n the satellite (3) . T h e output powe r amou nt s to 10 W PE P .
Since the 70 cm band i s also use d tor rada r dir-c-c tion findi ng, the r e pc a t c r- is
t o be provided with a pulse -type tn t e t-Ir-r-ence blankin g ci rcuit fo r suppre s si on
of wideba n d inte r-Ic r-enc e from pu l s e T'lH!ar e qutpmcn t , The centre fn ''lU1:'llCi e;;
arc:
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F u r-the r epe cificattona art- a t pre senr :

Ma ximum out put powe r:
Low powe r mode:
Beacon freque ncy :
In put sensitivity fo r fu ll out put :

10 W P EP
2. 5 W P E P
145. 97 5 MHz
-103 dH m ( I. S/.l v/ so r,)

1. 2.3 . TH E 2 m - 10 m R EPEAT EH

T h e . t h i n:! r e peater wh i c h i s p lanned for th e A -O- B satentte is the A MSAT
2 / 10 repeater. This satellite is unde r development by several A l\ISA T m embers
1n Wa s h in gton and T exas, USA. It i s a lin e a r repeater that will r'eeei\'e signals
in the 2 m band, will am plify t hem and r etra n s m it them i n the 10 m band. This
repeate r- is t o be ad ded s in c e t h e 10 m beacon of Australis OSCAH 5 demon·
st r ate d that thi s ba nd is a l so useful fo r am ateur satell ite repeate rs. Anothe-r
r va scn was t hat p roba bly m o r t' r adio ama teu r s art" a ble to o pe rate o n t ne se
t wo bands tha n at UH F .

The ci rcuit s fo r thi s repcat c r we-re a l s u de s i gn ed by Ka r l Me inz e r-, D.I 4 Z C,
u f the }:;uro - OSC A R g r oup .

Th e ba sic data fo r the AMSAT 2/1 0 linear r-epeate r- an' , nt pr-ca cnt r

inpu t cent r e fr e que ncy :
Output c entre fr e que nc y :
Be a c on fre qu e ncy :
Re pe a t e r ba nd wi dth :

Repe a t e r- ou tput power:
Input sensitivity :

1.3 . AUXIUARY EQUIPMENT

145 . 95 0 "'tIl z
29 . 5 MH z
29. 45 0 MH z

120 klh at - 3 d F!, 150 kH7. at - 6 dB
and 240 kHz a t -10 dF!
1. 3 t o 2 W P EP
Approx. - 100 d Bm fo r full output

Besides the desc ribed repe at e rs, a decoder system for the command signals
from the control station on t he ground as w ell a s a t elorn et ry system a re to
be provided.

T he comma nd d e coder i s a lso t o be constructed by t1w P r oj e c t Au s tralis -G r ou p.
The new decode r u s e s m odem COS/r.IOS integrated c l r-cuit s which e xhibit a very
low po we r c on s um ption , and w hic h h a ve not be e n teste d in space , T he dec ode r
can be equtppod fo r a max imum o f 35 different co nt rol s ignals . It s main t a s k
is to provi de a rel iable remote contr ol o f the r-epeat e r-s so th at any possi bl e
int e r-Jer-e nce to othe r r adiu servic es c an be p reve nt e d.

T h e tel e met r-y system is a l s o to b e develop ed and c onstruc t ed by the Australian
am at eur' grou p . Its signa l s c an b e directly p r i nt e d out on a m atn u r- RTT Y stations .
A fr-equency s h ift keyin g of 85 0 Hz an d a speed of un words per minute are
planrn-d . In add it io n to t h i s , a forma t i s t o be u s e d that is s u it able fo r d i r ectly
feedi ng a sm all d igital c omput e r fo r evalua t i on . An y s tation w ith a perforat o r
Can retran smit the r eceived d at a on s hortwaves fo r evalua tion at the A MSA T
He a d qu a s-re r a . P r e v iou s t o launching, c alib r a tion t a bl e s wil l be pu blis hed wh i ch
will allow individual evaluation .
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2. PRESENT STA T E OF DE VE LOPMENT

T he latest information th a t i s availabl e be fo r e going t o p re s s is the AMSAT
Newsletter of March 19 71 (5) in which the follow ing s tate of dev e l opm ent was
gi ven. It was fltated t hat a lthough th e hardware fo r AMSAT -OSCAR R undc r
c on s tru c tion by thc Proje ct Australi s-G rouJl, t he EU '"O-OflCa l"-GrOul' and AMSAT
Groups are pr-og res stng well , vc ry little h a r-dwa r-o is l"cady fo r fl i ght tests.
They are waiting for the ha r dware t o be delivered and te st e d before making
any final announcements of exactly what will b e fl own on AMSAT-OSCAH H.
From this it can oc t a ke n th at no fin a l decisions as to the e qu ipm en t o f the
satellite have been made.

Aircraft tests a loe a l ready planned for the 2 mil O m repeater. It is planned to
have the first aircraft test in the Washington /Baltim ol"e, USA a rea on Sunday,
May 2nd, 1971. If thj s is successful, a longer fl ight flhould be m a d c over th e
weekend of May Ifith, an d May 16th. It is the refore assum ed t ha t the 2 m ilo m
repeater is a t a high stage of development, a lthough it was mentioned i n (5 )
that further work is require d to provide the nominal 2 W out put with go od effi
ciency and linearity using power s upply voltages in the range of 12 to 15 v .

With r e s pe ct to th e linear repeater of the Euro-OSCAR Group in West Germany,
it is stated that thermal-vacuum -electrical t e s t s have been made on the proto
type that i s under construction at the moment. It was als o stated that tests
similar to the flight test of the 2 m ilO m repeater w ill be carried out during
July and August of this year using the other repeaters intended fo r flight on
A-O-B o r l at e r satellites. It is t h e r e fo r e assumed that the other repeaters
will be available by th i s time. The mechanical construction o f the casings o f
the individual m odul e s as well as the spacecraft structure according to the
plans o f the A-O-B pr-oject l e a der Jan King, W3GEY, has been completed by
Ho b Sprole, W2QJT. Several solar cell paddles that were left o ver from NASA
a n d ESSA satell ite pr-ogram s we r e made available to AMSAT. Several of these
paddles are being m odifie d for the outer surfaces of the A-O- B satellite. In
addition to this, AMSAT has be e n provided with nickel-cadmium accumulators
which will be tested ac cordtng to the charge-discharge cycles at the anticipated
load. Previous experience and results from experiments with the solar cells
and accumulators indicate that an active satellite life of over a y ear i s t o be
expected .

A p r ototype o f the 4-channel FM repeate r has been in operation on a tower in
Me lbou rne, Aust r a lia and a c on s t ru ctio nal prototype is, at t he moment, being
tested on balloon flights .

Th e EURO-OSCAR lin e a r repeater has been t e s ted at various sta te s of deve 
lopment in balloon flights by th e ARTOB-group and has been used by r a d io
amateurs in a r a diu s of over 500 km fr om Hannover, North Germany.

Work has a lso begun on . the remote control modules. A prototype of the com
mand d e code r is completed. The command code r for the ground control station
is in the b r e adbo a rd state, a prototype is under' p r eparation . A specia l coder
for th e telemet ry sign al s o f OSCAH satellites has been de velope d by Joh n Goude,
W 5 CAY, a nd has b een built up in the lab o r a to ry. With this c oder, the t e le
metry data a r c transmitte d as nume rals in morse code. This means that only
penc il a nd paper, as well as t he calibr atio n informatiun , a re nec e s s a ry fo r
reading and evaluating the data su pplied by the satell it es .
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In conjunction with th e A-O -B satellite proj ect . an agreement was mad", bet 
ween Australia and the USA with r espect to the pas sing of Info rrnatfon from
an d to third persons as long as this inform ation r efe rs to amateur satellites .
This agreement is an adva nce on the agreement that was valid for OSCAR 5.
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PLASTIC BINDERS FOR VHF COMMUNICATIONS

• Attractive plastic co ve r ed in VH F blue

• Accepts up to 12 ed itions (thr ee volum e s)

• Allows a ny r equi r ed copy to be fo und easily

• Keeps the XYL ha ppy and contented

• Will be sent anywhere in the world fo r DM 5,- 
including surface mail.

Order your binder via the nationa l representative
o r d irect from the publi shers of
VHF-COMMUNICATIONS:

VERLA G UKW -BERI CHTE, a.arcmcs
D- 852 0 ER LANGE N (West Germ an y)

Account: Deutsche Bank Er lange n 476 325

S UMMER HOL IDAY

The P ublishe rs and the Material Sales Department will be taking their s umm e r
holiday during the month of August 1971. Since we are not able to d ispatch
orde r s o r a nswer quer ies in th is pe r iod, some delays could be encounte r ed in
receiv ing your orders or an s we r s. If you require items with in this period , please
o r de r them well before hand.
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PROJECT MOONHA Y

In 1960 N. K. Mar-ehaIl , W 6 OLO!2 proposed the original concept of a lunar
based UHF-repeater for amateur telecommunications as a natural follow-on to
the OSCAR satellite programme . ro 1967 NASTAR ( Nassau College Amah'ur
Satellite Tracking, Astronomy and Radio) took over the sponsorship and orga 
nization of the concept which is now known as project Jl.IOONRAY.

After enlisting the aid of a number of highly qualified technical advisors ( who
were all radio amateurs) NASTAlt finalized most of the important parameters
for MOONRAY r. At present the design, development and testing of an opera
tional prototype is in progress and the final construction of a flight model will
be available shortly.

It is hoped that NASA will be able to lake the repeater to the moon on one of
the remaining APOLLO flights. If this is possible, one of the Astronauts will
set-up and activate MOONRAY r on the l un a r surface. The repeater is planned
to have a continuous operational life of at least a year .

MOONRAY is to be a free-access UHF -repeater for world-wide line-of-sight
communications on the international 70 em band. Advantages offered to NASA
in return could be the use as emergency communications link for the Astronauts
in the case of an unlikely but possible failure of the i-cgutar commun ications
facilities and as a landing sitc beaN'" fo r l a t e r landings .

MOONRAY I will be equipped with a h ighly sensitive receiver, signal processor,
identifier, timer, six to eight channels of telemetry, a laser receiver with
optical system and, of course, a transmitter for retransmission of the reoej ced
signals. Power will be taken from an tsotopcvructcd the rmoej ect i-ic generator
with a half-value life of 87 ye ar-a. The final package will be in the to r-m of a
metal cykinde t- of approximately 15 cm in diameter' and 25 .5 em long. It will
stand on three r-et r-ectable or fo lding legs. A spr-cinl aiming device is to be
provided to point the antenna accu r-atcly to ea r-th.

The up-link frequency is to be 439.9 ;,\IHz and the down -link frequency 430.1
MHz. The 10 kHz bandwidth will accept all modes. The recommended modes
are, in order of preference: CW, FSK, MCW, AFSK, NllFM, SSU and AM.

MOONRAY's callsign will be the identifier "SS" in morse code . The repeater
will operate on a continuous duty basis 24 hours a day with one minute in t e r 
missions every ten minutes to transmit the identifier together with a telemct r-Ic
sequence.

To be able to communicate via the repeater, amateur ground stations will I'e
qun-c antennas of at least 1" dB gain that are capable of tracking the moun and
low-noise ( max. 3 dB) crystal -controlled c cnve r-te r-s at 430.1 Mllz with stablc
tunable IF's ( flood communications receivers) . On the transmit side it is
estimated that 50 W output will be required on 439.9 MHz for CW, whereas
mo rr- power will be required for the other modes up to 1 kW fur slow -scan TV.

If further information is required on MOONHAY, please contact :

NASTAR, PO. box 1', SYOSSET, NY 11791, VSA

REFERENCES

N. K. Marshall: Project Mconr-ay Fact Sheet
AMSAT Newsletter of March, 1971
-HQ-
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A 28 MH;( - 432 MHz TRANSM IT CONVERTER WIT H F in-MIX ER

by F . w efn gartne r-, DJ 6 7.2

There a re thre e main methods of ob tainin g a t r ansmit s lb'Tlal un the 70 em band:

I . Frequenc y multiplicati on . i ncluding triplin g from 2 m etr e s using va rac tor
diodes .

2. Conversi on o f a 2 metre signal with th e aid of a n aux iliar-y Fr-equency of
2118 MH z ( 144 + 288 : 43 2 ) .

3. T h e conve r-sfcn of a 10 metre signal w it h an aux il Ia r'y f r equency of 404 MHz
( 28 + 404 " 4 32 j .

Ea ch c onc e pt ha s advantage s and d isadvant a ge s ; the s lm p le multiplication is not
suita bi e for single sideban d m odu l a t ion . T h e conversion from the 2 m e t r e band
has th e di s a d va n t a g e of c au sing s pu r ious signa ls because 70 e m s ignal s wi ll be
also gene r-ate d du e to u nwa nted tripling of th e 2 met r e signal wh ich is difficult
to avoid. A frequency conve r sion from t he 10 m etre band r-equi r-e s th e u s e of
II. shortwave t ransmrtto r from wh.ich a modulate d 10 metre sl",'Tlal can be taken
at a lo w level. T hi s mea n s that t he desc rib e d transm it convert e r is e s p ec ia lly
s u it a bl e for those a m a t e u r s that have s h o rtwa ve e quipme nt.

A transmit converter i s to be desc r-lbe d that convert s the fre qu en c y range of
28 to 30 MH z t o 43 2 MHz. F igure 1 s hows t he t ranate tc rtz ed m odule which Is
bu ilt up on a doub le-coated epoxy P C - board h aving the d imen s io n s 125 mm x
85 mm . T he pu s h - pu ll mixer s tag e Is equipped w ith junc tion fiel d e ffect tran s
teto r-s, the ou tput s tage with the Ove r la y t r a n s i s tor 2 N 3866 which provi d e s an
output power of a pprox ima t e ly 200 mw. Since an ope r at ing vo lta ge of only 12 V
Is required. thi s m odule is a l s o suita bl e fo r mobile and portabl e operation . T he
stripl in e circuits Use d in t his design mean t hat no s cre ening n e e d be p r c vtd r-d
bet wee n the In dividual stages and that con s t r u ction Is very simple. For fixed
operation. t h e ope rating voltage of th e output tran s i sto r c a n be incre a s e d to
18 V and th e output fe d to a linear a mpli fi e r stage, such a s d escribed in OJ .

1. CI RC UIT DETAI LS

The c i rcu it of t h e t r an smit converte r is give n in Fig. 2. The auxil iary frequency
of 404 MH z i s de r ived from a 67.333 MHz c rystal. This signal is firstly tripled
and then doubled in t he subsequent s tages. A fu rther s t a ge amplifies the 404 MH z
signal up t o a value su it a b l e for mi xing.

The o verton e crystal oscillator is equ i ppe d wi th II. P NP silicon transistor 80
th at inductance L 1 can be sol dered di rectly to g round. In t he following stages,
it is important th at t he emitter Is grounde d In a low - indu c tive m ann e r. This
is the reason why i nexpensive NPN t r an sis tors a r e u s e d that rec e i ve thef r
collecto r volta ge via r-ho ke a , It i s therefore possi ble for th... indu ctances to be
s oldered to the g round surface.

The pu s h - pull mixe r i.!i e qu ipped with fi eld eff...ct translAtOr!; ty p e BI,' 245 C.
The s a m e type of circuit bas been u s ed by the a u thor in t r an s m it mixer8 for
s hortwave and fo r 2 metres (2) . T'he sou rc e connections are grounded via r e
sistor s of 27 0 Q t hat are by pa s s e d with re-spect to radio rr-oqo enctea.
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The gate connec tions ar- e groun d e d via 4.7 k ri resistors and con ne ct ed t o the
pu sh - pull resonant err-cult aligned to the 10 mvt re band , Th is r e s onant c ircu it
i s pt-ovld e d wit h a cou plin g link into wh ic h t he 10 metre signal is fed. 'I'he
c apacitance o f the 10 ill resonant c i rcuit i s provided by t h e t ....c , equ ally g r eat
c a pacito rs C i5 a nd C 16 wh ic h are series connected. T he 404 J\.IHz a ux ilia ry
s ignal is fed from t he 404 MHz r e s o na nt circuit L 5/C 14 to t his po in t.

The pu sh - pu ll Le cher ci rcu it o f the m i xe r s tage i s aligned to the 70 e m band
w ith trim me r capacito r C 19 . A bandpa s s filter r e s u lt s to ge t he r ....ith t he t uned
coupling link L 9 , T h e output sign a l of th e m i xe r iii Ie d to t he fi rst linear am 
plif ie r { T 7 I at 10.... impedanc e via a ca pacitor of 5 pF",

T he two llnear amplifie r s tage s ope r at e in conjunctton with >< /4 striplin e c i r 
c uits . T h e collector voltage i s fed to th e t r-ansf stor-s via c hokes . The ou tput
matchin g is a djustabl e with the aid of a trimm e r capacitor, Bypass capacitors
with capacitanc e valu e s suita bl e for UHF a s w e II as dccoupldng r e s i sto rs c om 
plete t he ci rcuit.

1. 1. TH E MIXER STAGF:

Expe r-iment a wr r- c m ade using a tran s is t o r m i xer equt pp ed with a single B F 224.
It wa s found that the out put signal of the rn i xo r- wa a f;urficient fo r d riv in g the
linear a mpl tf'ier s tage s . However, th e 404 MH I auxil iary s ignal was not sup 
pr-e a sed I> ufflcie ntiy . During the punctuation p a UI;('S , the 40 4 MH 7. si gnal at the
output ( Pt 6 ) amou nted t o approximately 20% of t he ma xim um o ut put powc r- .

The r e lat t ve ty sm all f r-e quency spacin g between the r e qu ire d a nd the a u xi liary
fre qu e ncy wh en converting f rom 10 m t o 70 em i s t he cause of t his. A pu s h 
pull mixer- suppresses the- a uxil ia r y Fr-equency consrder-ably bett e r ; the fi eld
effec t t ran s is tors used in thi s c irc u it c na u r-c thai t he apu r-Iou s a nd harm onic
signals are ve ry l ow .

2 . CONST RU CTION

The t r an s m it ccnver-te r i s built up on a d oubl e -coated P c - bc a ro h aving th e di 
mensions 125 mm x 85 mm . Th e printed cl.rc uit boa rd h a s be en c e s t gn a t e d
DJ 6 ZZ 002 , F i gures 3 a n d 4 show both s ides of th e board and it s c om p on e nt
loc ation plan. On the c om p on ent side , only those po sit ions have been etched
wh e r e c onn ect io ns must bc made t h r ou gh to the conductor side. This mean s
that a vi rtually unbr-oken g round s urfa c e results on t he com pon en t side of th e
board so th at n o ncut r-a.lfz ation is required even a ft e r- in s tallin g the transmit
converter Into ot her e qu i pm e nt. All ground connectton s of i nduc t a n c e s , c apa 
citors, r esisto r s an d transistors arc directly s ol dere d to th is ground surfac e .
In o rde r t o ensur-e t h at 00 short c i rcu it s can occur, attention must be p aid
during the mou nting of r esistors and choke a that a s light spac ing exists bet 
ween t he s e compo nent s and the ground surfac e .

T he stripline ci rcuits a re made from 1. 5 m m d i a mete r stlvc r- plarcd copper
wire o r a ppro ximately 3 mm wide bra s s st rips. The g round e nds a re bent so
t ha t t h e str-tpltne ci rcuit s pos sess a s pacing of a pp roximate ly 4 mm t o the
g round surfac e o n the compon e nt side a fter being soldered into place. T he hot
ends of th e lines a re sold e r e d to the appropriat e ho ies in t he P C-board or
d i rec tly to t he trimmer capacitors i f their const ruc tion allows t h i s ,

Ceramic disc capacito rs a r e used fo r aligning the r esonant ci rc uit s. A ll ty pe s
c an b e used for t h e coupling c a p a cit o r s that a r-e s mall e no ugh t o be accommo
dated on the pr-Inted ci rc ui t board . However, the bypa ss ca pacitors must be very
l ow - i nductive ce ram ic dis c types.
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Fig.3: Conductor sideof the PC-board OJ 6 ZZ 002

Fig.4: Component location plan to DJ 6 ZZ 002
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2.1. SPECIAL COMPONENTS

2 N 2907 A, 2 N 3702 or BC 213 ( PNP sdl icon A F tr-ans i sto r-a }
T 3, T 4 , T 7: SF 224 or SF 173 (Texas In st r-umont s Germany)
T 6: BF 245 C ( Tl Germany) or TIS 88, 2 N ,1)245
2' N 3866

T 1:
T 2,
T 5,
T 8:

l I. ~ ...'r
LQ: 15 turns of 0.4 to 0.5 mm eta . ( 25 AWG ) enamelled copper wire, close

wound onto a 4 mm former' ~lf-supporting.

L 1: 6.5 turns of 1 mm dia. ( ~~A.WG) silver -plated copper wire wound on a
5 mm diameter coil former with shortwave core.

I. 2: 1. 5 turns of 0.4 - 0 .5 mill dia. ( 25 AWG ) 'en a m elle d copper wire wound
in the last few turns at the cold end of L 1.

• L 3: 4 turns of 1 mm dia. (18 AWG) silver-plated c0I'IJer wire wound on a
5 mm former, coil tap 1. ,I) turns from the cold end. sctr-suppcr-nog.con
length 10 mm . •t.S ..... r.

L 4: 1. 5 mm dia , [ 15 AWG) silver-plated copper wire, 45 mm long, bend and
tapping point 15 mm from the cold end.

L 5: Wire as for L 4 , 40 mm long, straight length 30 mm, tapping point 15 mm
from the cold end .

L 6: 20 turns of 0.4 · 0 . 5 mm dia , (25 AWG) enamelled copper wire, other
wise as L 1.

I, 7: 3 turns; wire as for L 6, wound onto the centre of L 6.
L 8: Wire as for L 4, 60 mm long, bent in the form of a U with an inner

spacing of 8 mm, with centre tap.
L 9: 1 mm dia . ( 18 AWG) silver-plated copper wire, 40 mm long, bent in the

form of a U, with inner spacing of 7 mm, tap 10 mm from the cold end .
L 10: Wire as for L 4, 35 mm long, straight length 20 mm, tap 12 mm from

the cold end.
L 11: Wire as for L 4, 30 rnm lon g , stra'ight length 20 mm,

All chokes are made from 0.4 - 0 .5 mm dia , (25 AWG) enamelled copper
wire close wound onto a 3 mm former , self suppor-ting,

Ch 1:
Ch 2:
Ch 3:
Ch 4,

11 turns
6.5 turns
6 turns

Ch 5: 8.5 turns

Ch 6:
Ch 7:
en 8:

5.5 turns
10 turns
7 turns

C 7, C 11 , C 14, C 20,
Ceramic miniature disc
C 19, C 27: 2.5 6 pIo'

C 26, C 31 . C 32: 3 .5 - 13 pF
tr-Imm e r-s 7 mm diameter
ceramic miniature disc capacitors ( or 3 .5 13 pF)

3 . ALIGNMENT

A modulated 29 MHz signal with variable amplitude, an RF meter (SWR meter)
with terminating resistor or matched antenna. and a receiver for the 70 ern
band are required for alignment.

If the 'in du ct a nc e LQ is correctly dimensioned. the crystal oscillator will only
oscillate at the nominal frequency. The subsequent' frequency multiplication
stages are align;;;:d with the' aid of the trimmers for the highest collector- cur
rent of each following stage. The current via transistor T 2 amounts to approx.
25 rnA when the oscillator is operative. The resonant circuit of the 404 MHz
buffer stage is aligned with capacitor C 14 for maximum voltage drop across
the source resistors R 8 and It 9 of the mixer stage. The voltage drop should
be equally great across both resistors .
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If this is not the c a s e , one or the other t ransistor in the mixer circuit should
be exchanged if c om p on e nt s C 15 and C 16 , R '6 and R 7 as we ll as R 8 and R9
are e qually g r e a t and the resonant circ uits com p r-Is i n g L 6 and L 8 are built
up symmetrically.

An operating volta ge o f 12 V is now connect ed to connection point P t 4 and a
10 m signal o f approximately U. 5 V is fed t o i nput Pt 3. T he s ignal should be
modulate d so t h at it can be i dentified in the 70 cm receiver. If the signal is
not to be heard at the expected fr e qu en cy, the crystal will not b e synch roniz
ing the oscillator correctly . By care fu lly aligning inductor L 1, the correct
adjustment can rapidly be found. If the crystal oscillator only operates wit h in
narrow tuning limits due to the correct di m en s i on in g of inductance L Q. these
instructions are i r-r-evel ant ,

The output filter of the mixer s ta ge is now aligned for m a ximu m collecto r c u r
rent o f transistor T 7 with t he aid of trim m er capacitur C 19 a nd C 20 . Indu ct 
anc e L 9 should be l oc at e d as near as possible to L 8 . At th e same tim e . i n 
ductance L 6 should b e a ligned for maxim um. At this point , the resonant c l r
curta of the oscillator portion should be aligned for maximum c urrent t h r o u gh
transistor T 7 ( highest c onv e r s i on gain ).

Finally, a terminating resistor with power in di c a tion is connected to th e o utput
( Pt 6 ) a nd the out pu t stage connected via Pt 5 to t h e operating voltage. It i s
no w poss ible for t he col l ecto r- ci rcu its and the m at c h in g t rim m ers of the two
line a r ampl ifier stages t o be a ligned for maxim um output power. It i s advis
able fo r the whole alignment to be repeated several times. The outpu t power
finally amounts to more t han 200 mw, It can be increased to approximately
300 mW by connecting an operating voltage o f 18 V to point P t 5 .

On increasing the drive fr om the 10 m transmitter, the output power is only
increased to a certain lim it . If this limit is exceeded, the output power will
be reduced . It is therefore important t h at the most fa vou r a ble d r i ve l e vel is
found and m a int a in e d .

The bandwidth of the c on ve r t e r is so great that the output
noticeably within the frequency range of 432 to 434 MHz.
cor rection i s not necessary wh en t u nin g within the iO em

power do e s not fa B
This means t h a t a

band.

If spurious osc il lations oc cur during the a lignm e nt, the cause will be in t he
output c oupling fr om the push-pu ll m ixer. Eithe r the capacitance of t r-imrne r

C 20 is too low, or the tap i !'i t oo fa r from t h e c ol d end of inductance L 9.

4. EXTENDING THE TRANSIvlIT CONVEHTEH
FOR T"RANSCEIVE OPERATION

The described m odul e c an be c ombin e d with a 70 cm converter fo r tr-anace ive
opera tion . However, t he prerequisite o f this is t hat the same c ry stal o s cilla to r
is used for the t ran sm it and rec eive mixer. The fo llowing fr e quencie s c an be
tapped off fr om t he transmit con verter fu r fe e ding t h e oscillator po rtion i n a
receive converter: 6 i. 33 3 l\I H7: via a c a pa cito r fro m the base of transistor
T 2, 202 MHz fr-om in ductance L 3 ( 1 turn from the c old end), or 404 MHz
ncar th e cold e nd o f indu ctanc e L 5 .
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If t he so .. l gn a hs ar-e n ot ijuffici ,mt for d r i ving the receive conv e rte t-, it will be
nr-cc ....ary t o pr-ovide an ampIi fiO:'r .. tag.. because a greater loading of t h l' cscn 
lato r stage s o f m e tran ..mit cceve rwr m odul e is n ot pe em jeatble , Coo n l'Ct ion
poi.nt Pt 2 I s p rov id e d for tappin g o ff th ... f r-equenc y 67.33 3 MHz.

5 . AV AILA ULJ::; PA RT S

The p r int e d ci rcuit board OJ 6 Z Z 002 and va r ious c ompone nts a r e available
from th e pu bli shers o r thei r national r-epr-e aentatfve a , P l e a s e se e adve r-t f s m g
page• •

6 . REFERENCES

(1) K. Eichel : Strip-line T ran$ve rte r fo r 70 I'm
VHF COMMUNI CA T IONS 2 (1 97 0) . Edition 4. Pages 225-239

( 2) F . Weing:l.rtner : FET s in t he 28 / 144 MH z T' r-ane ve t-te r- OJ 6 ZZ 00 1
VHF CO MMUNICATIO NS 2 (1 970), E d itio n 2, P a ge . 103 - 104

DC 9 M O 00 1
2 metre MINI-TALKY

• Receiver can be tuned ove r •
the band with VFO- control.

• Ideal for business and vac
auon trips.

-
,,

'-\

I

transceiver for
AM -FM o n two
transmit rre -

Vestpocket
ewttcbabte
swttchable
quenc1es.

•

• Ideal for hikes, por ta ble
oper atio n and for local con
tacts, although co ntacts
bave been made over ere
lances up to 200 Ian .

• Can be used {or direct
communic ations or via r e
peaters.

• Kit avallable complete with
all components including al l
resistors, capacitors, case
knobs etc . see Material List
{or more detaU s .
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P L UG -IN MODULAR l'; Q UI P ME NT

by D. E. Schmit ze r. DJ 4: 8 G

Small aluminium cases have been available on the marke t fo r som e tim e now.
T he author thought tha t s uch boxes would be Ideal fo r building sc reened m od ula r
equipment based on printed ci r cuit boards. The advantages of the m odular s y s
tem are explained in detafl in (I) : The const ruction of com plicated equipment,
such as an 55B t ransceiver or a transmitte r for several m od e s, ca n be g r eatly
simpli ried when it i ll r-educed to individual circuit m od ule s that can be aligned
and tes ted. Afte r this it is only nece s sa ry fo r the modul e s to be connec ted
together.

This results in a high rejection of spurious radia tion and in jec tion as well as
in a high deg ree of de-coupl in g between ind iv idu a l modules . Even the less ex
perie nced amateur is able to con s t ruct high - quality and complic at ed equipment
r e lative ly easily . F inally . anothe r advantage of the m odular system is that
Ind ividual module s c an be replaced by improved or circuit s modified without
having to modify the whole equipment.

t! economical pl ugg ed connecto r s are used. the m odula r sy st em can be built up
in a virtually professional manner u s ing plug-In m odu le a,

1. TH E CASE

The aathc r -e syatem i8 based on the TEKO~caaes that a r e a vailable freely on
the Eu r opean m a rket. The s e c a se s a re available in tw o different he ights ( 28 mm
or 42 mm) and fou r dHfe r ent lengths (37, 57, 102 and lol l mm); the width is
a lways 72 mm . For m os t a pplications, case size s 3A ( 102 x 71 x 28 mm ) or
4A ( l ol l x 7 1 x 28 mm ) s hould be suitable. A height of 28 mm i s even suffi
cient fOr large com ponent s such as the KVG c rystal fnters of the. XF-series.
If high er components are to be used. it Is pcastbte to u se s izes 38 and 48 .
However. one sh ould firstly consider whether it would not be more favourab le
t o m ount large com ponent s such as a modulating or power transformer at some
other po s ition in the e quipment. 80 that the larger TEKO- case does not take up
too m uch r oom .

A ce rta in amount of preparation is required be fo r e th e TEKO case is suitable
for Use as a plug- In module . This is now to be explain ed in more detail; Fig.
1 t o 4 give the rele vant dimensions and position s.

A mounting fo r the printed c i rcuit board should be provid ed In the lower pa rt
of th e case . This can be done by either drill ing four 2.7 mm holes at the
po s ition s s hown in Jo'igu r e I and inserting 2.6 mm diameter. 15 mm long s crews
o r by glUing 2. 6 mm di am ete r . 12 mm long sc eewa to the designated positions
with a two-com ponent adhesive ( UHU-plus) . A cutout must be sawn o r filed
from the lowe r pa rt a t one s ide of the case through which the 13 -plug protrudes
( s ee shaded area in F igure I ). If the printed ci rcuit boards are to be m ounted
from the wi r ed side. the two holes on the front edge should be drilled out to
3. 2 mm aIter which 3 mm diameter nuts are glued oppos ite to them on the in
side of the case. a s Is also shown in Fi g. 1 .

It i s a lso nece s sa ry for a portion of the cover t o be eewn and fil ed to accom
m odat e the l 3- pole plug. The dtmenstons are given in Figure 1,
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Fig. 2 : Mounting of the holding screwl
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Fig. 3: Board dimensions
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Fig. 4: Sectional dr.rw;ng through 1 modult' in 13 A case

~i9ht: 28

L. III
Width

TEKO·No.

'""

H.igh l : 42

l . ngtlt 31 51 102
Width 11 11 11
TEKO-NO. 1 B 2 B 3 B

'"
""

If the s imple screw m ount in g is chos en, fou r sc r ew heads wUl protrude on the
ou t side of the cas ing which may be a disadvantage when the m odul es are mounted
clos e together. Countersunk screws cannot be used due to th e thin aluminium
plate of th ese c a s es . Howeve r . the screws can be glued to the inner surface
of the case. Figu r e 2 gi ves fu rther in formation. The s tabUity of t he adhesive
Is actually m ore than sufficient (or a ll e xpec ted stress that can be placed on
lOa _



U. However, if m o re stability i s r equire d , t hfe can be obt a i ned by drilling 11
conic a l h ole below th e h f> a d o f thr- sc r e w wh ich then forms a r- Ive t t y pe anchor
a ft e r ha r d e ni n g. It is advisabl e t o plac e a piece of adh esive tape ove r the h ole
so t hat th e adh e sive cannot drop throu gh.

T he mountin g sc row s a r e now p rovide d with s pace r bushin t s . washe rs or nut l:l
with a t o t al ht' ight o f 5 mm. Su e h a s pac ing should be su rtt c tent for a vo id in g
any short circuit s between bo a r d and c a se . The r e m a in in g he i gh t in s id e the
ca s e is 19, 5 m m ; in comparis on , the h eight of the X F -se r ies o f crystal fi lte rs
Il:I l 9 m m .

1. P RINT l';D CIR C UIT B OA RD AND CONNE CTORS

Prin ted ci r c uit boa r d s of 90 mm by 65 mm or 130 m m by 65 mm c a n be a c c om 
m odated in c ases 3A and 4A r espective ly . T his :still allo ws ~ufncient r oom Ior
a 13 - pole connec t or th at c oinci des with t h e outer s u r face o f the c a s e . Sinc e t he
fe m a l e connec t er- i s placed within the casing aft e r t he modul e h a s been phq:l g( 'd
In to po sition it is possible for the l ower su rfa c e of the cas t' to be s c r-ewed to
the chassis if this is r-equi r-e d . The pre pa r atio n s for th i s are al s o shown In
F i gu r e 1 . It i s important that lhc c a s e of t h e module alwa y s h a s a good contact
to t he ch assis.

T h e dimensions of the P C-boards a s well a s t he holes re qu i red for t ho con
necto r s are given in F i l-,lUre 3 . A sec tional d rawing t h rough a com pl e t e d m o dule
is shown in Figu re 4 . Of cou ese , t he desc r ibe d syst em c a n be modi fi ed a t will ;
for in stance , if an e xt r-cmefy compact constru ction i s r equi red. t wo s uch mod
ules can be jo ined t o ge t h e r and t ill;" P'C vbo.ar-ds mou nted using c om m on tapped
bu t;hings of 2.6 m m dtam e te r ,

3 . AVAILABILIT Y

Although these c a sin g s seem to be rea dily available in Europe . the puol i sh e r-s
will stoc k a nu mber of 3A-ca»ings for Iutu r-e d e s ign s wh ic h w ill appe ar in la te r
e d ition s o f thiR magazine.

The connectors are alre ady available from t he publLsh e r-s , P l e a s e s ee a d vert i s 
ing page. T he pu bli s h e r s a lso ha ve tailo r e d. und rilled P C- boa rds fo r these
c a s e s f rom s in gl e or dou bl e - c o a t e d epoxy PC -board m ate rial . The di m en s.icn s
are 90 mm by 65 mm or 13 0 mm by 65 mm , P le a s e see advertising page.

4 , EDI TORiAL NOTES

An exam ple o f such modu l a r e qu ipm ent is given in ( 1) in t h i s e d ition of VHF
COM MUNICATIONS. The individual m odules wil l be describe d In later editions
of this maga z in e .

5 . REFER E NC E S

( 1) D. E . Schmitz e r : A M odula r- R ec efve r- System
in this edition of VH F COM MUNl CATIONS
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A MonULAH REC EI VE n SYSTEM

by n . E . Sch m tt ae r-, DJ 4 uc

INTRODUCTION

As wa s alrea dy ment ioned in ( I ), aluminium castng s such (11' those manufnctu red
by 'I' ekc p r o vi de the amateur with a s im pl e way of conet ructtng screened m o du
l a r equipm ent. T his a llows complicated equipment 10 b e r edu c e d to individual
modules wh ich c an b.' understood, m Ollifi ed or ex chan gvd m ore easily. An , 'x 
a m ple of such a m odule wa s th e !S p.· .·eh p rocess o r desc r-Ib ed in (2). T h f s a r ticle
is to gi ve an In s ll-:h1 in to a m od ul ar ro'Ct' i ver system o f wh ich the i nd iv idual
m odules will be doec r-Ibed in Iatc r c-dit ion s of VH F C O MMUNI CAT IONS.

1, AN F'~I/Ar\'1 REC r;IVEH F OR r.W BlLt.: OPERATIO;-.J

1'11.,0 following m odu l e .. art' dl'!)igrll'd to 1'0 1'111 a r ecet ve r lh(lt is su it a bl e f O I' !:.ooth
the AM an d Fro.I - m odel! - popul a r- via rvpr-atc r-s and with di n·e( c om m urur-atfon -.
Not on ly cryst a l -cont ro ll e d c h annels a rc t o be p r-ovfdod but also a va r labfe
I r-equeucy o s cillator. AM transm i s s tcns .U ·C- p r-oce ased In a separate IF s u-tp
fo r thia m odt'o T he powe r con s u mption of this t-ec e ivr-r- is ve ry l ow , wh ich
means that it is ve ry suit able for mobile and por t a ble opet-a t ion ,

Further moduIos a re t o be develop e d fo r the: C W and SSB modes, a s well i.U;
modul es fo r a mntching trallFlmilkr .

The block diagram in F i gure 1 S hOW l; t h e tute rconnec t Icn betwee n th ... indi vidu al
modules and In dic a t e s the ve r s atility o f the m o du lar system . As far a s i t il:i
possible and r ccom m e nd a bl e , Ih", input a nd output Impedances of the R F" a nd
I F modules wIl l bo maintained at 60 11 so that good mat ch ing Is gua r-a nt c r-d
between individual m c dule s ,

IV

L I<F - ampM i~f FM IF - -~ AF-ampl,fier

~and mi~er DC stob'izer

-
Frequency AM IF -multip lier 12 V .tab. ta v

Crystal oscilla tor
DJ 4 BG

~and buffer VFa DC -DC converter

~

• 110 _
Fig. 1: Block diagram of a modular f M/AM re.;eiver



1. 1. no-ne CONV~;RTER

In its ba s ic fa I'm t ht, DC-DC conve rte r- is d<-slgned for use with the r('CClV",r
(e , g. in put volt ag... 6 V. output 18 V a t a m ax imu m oC 400 rn A. e ff i c ie nc y 70% ) .
Howe ve r . it is pos stbto by a d din g powe r tr-anetetor-e s uch as 2 N 3055 o r 2 N 3771
etc , an d a sultablo t ransto rme r-, fo r it t o be extend ed fo r power out puts o f up
to 10 0 W.

1 . 2 . AUDIO Al- IP I,JFTEH AND VOLTAGE ST AB I LI Z E R

The printed c i r-cu lt boa r-d of the audio ampl lf ic r- a l s o accommoda t e s a volta ge
s tabiliz er, wh ich provides a stabilized voltag e of 6 V t o 24 V a c c o r d in g t o th e
selected c omponcnt s, The audio am plifie r-, wh ich Is ba s e d on (3) . c a n be e x 
te nded using extern al po we r t r a n s i stors a n d usod as a modulator with output
pow{' r Ic vc l s in the o rder of 20 W. Th!' voltage s tabil iz e r (4) c a n also 1.1\' Cx
t en,led Cor output cu e rente of u p t o a pp r o ximate ly 5 A .

1. 3. F M JIo' -A MPLl Fl F.R

The FM I F' ~am pHne r is equipped with a c rys t a l dis crim inator (5 ) and i s the r e 
fore e xtre m e ly ea sy to construc t . On ly nne r eson a nt c rrcutt i s u s e d which is
simply aligned fo r maximum gain. Ac c o r din g t o the fr e qu e ncy of the c r y s ta l
discrim inat o r, t h e module can be u s e d fo r inte rmedia t e fr equencie s o f 9 MH ?:
or 10 .7 MHz .

1 . 4. RF-AMPLl F IEH

T he RF - a m pli fi C' r c orres pon d s to t he Ia te st sta te -or -the -a r-t and i s equipped
wit h dua1 ~gat E' MOS F ET s . T o ge t h e r with th e e mployed s in gl e eupe t-h e t p rinci ple .
the r e c e i ve r exhibits a very h i gh o rosa - modul ation r e j e c tion e ve n in th e AM ·
m ode . A c r-ys ta l fi lte r hi u s ed d i rec t ly after t he m ixer c i r c u it a s wa s r-ecom 
mend e d in ( 6) . T h e ba ndw idt h of t hi s fil te r is suitabl e fo r FM. howe ve r-, its
h igh ultimat e rejecti on c a n al so be utiliz ed l or t he othe r m ede a . This m e a ns
that an in e xp en s i ve c ry " t a l filt er will be eu m ct ent in a subsequ ent C W / SS B
IF-module ( e, S. X F'·9A ) .

1. 5. CRYSTA L OS CILLATOnS

T his modul e is ",qu ippe d with t h ree c ry s t a l osc illa t o r s that can be aligned sc 
parately and a r e s witc hed i nt o operation vi a DC ~ lines. A bu ffe r is p rovided fo r
a va riable frequ e ncy oscUl a t o r whic h can al so be switch ed on over a DC - lin£" .
T hi s mean s that the signals of t he sele c ted c rysta l oscillato r o r V F O c an be
t a ken from the same o utput . In a o SS B / CW r ec e i ve r . th is m odule could. fo r
i ns tance. b e e qu ipped wit h both sideband c r y s ta ls a nd a CW - B FO cry s tal.

1.6 . FREQUE NCY M ULTIP L IE R

T h e frequen cy mult iplie r module t ranspose s the f r e qu e nc i e s of th e oactjt a to r
module (appro xim a t ely 17 MHz) t o the r equired frequency band in the region
of 135 MH z.

1. 7. VARIABLE F REQUENC Y OS CILLATOR

A va ria ble frequ ency 0 8c1118t o r prov ide s fa r m ore ve rsatility on t h e ba nd. How 
eve r . this m odu le can be m od ified for o th e r applications a n d frequ e n c i e s in t he
range of 3 MH z t o 4 0 MH z; it is merely ne c e e aa ry t o re - dimenstc n t he fr e q uency
dependent c om pone nt II.
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1. 8. AM IF-AMPLIFIER

The receive r is extended for AM-transmissi ons by p r ovision of a n AM IF
module; the AM -FM switchi n g i s m a de in t h e Ajc- pja n e ,

I 2, CW/SSB RECEIVER
I
i The described AM /FM receive r c oncept can b e extended fo r rec e ption of CW

and SSB transmissions by the addit ion o f an SSB I F -m od u l e . S in c e a higher
frequency stability i s required in this mode, t h e VFO sign a l is not r i-c qu cnc y 
multiplied but is c onverted to a h ighe r fre qu en cy by be a t ing it with a crystal
controlled signal. T h i s a lso o c curs in a Tekovm odu l e wh ich a c c ommodates th e
crystal osc illator, mixer and filte r link s .

2.1. A SHORTWAVE RECEIV E R

Of course, these modules a re n ot lim it ed to VH F-UH F applications and c an be
u sed equally well on the s hor tw a ve b and s.

Figure 2 shows an example of h ow a s mall, but e ff i cient SSB /CW rec e i ver can
be con s t ruc t e d by adding a s u itable RF module and VFO t o the CW / SSB IF and
AF-modules . Such a r ec eiver i s invaluable on holiday ( vacation), busin e s s t r ip s
o r for portable operation. Since th e o scill a t o r i s tu n ed with var-ac tor- d io de s , it
is not on ly possible to k eep the in pu t circuit s ali gne d to the selec t e d fr equ en cy
but a lso to control a sim ila r transmit VFO. A m ore a ccurat e trac king o f the
frequency r e su lt s when t he same BFQ and c onversion syst e m i s u sed fo r both
receiver and transmit te r .

L RF-~ier and AF-a~l;fier -![Jmixer _fil ter CW/SSB IF DC slobil;zerXF-9M

12 V ,tab. I ta vDJ4BG

VFO DC-DC converler --<>or powersupply

~.

Fig.2 : Block diagram of a modular CW!SSB receiver fo r a shortwave band for power line or
battary operat ion

2.2. FURTHER NOTES

Some of the modules such as the VFO, frequency m ult i plie r or AF -amplifier
and of course the previously described speech processo r (1 ) c an b e u s e d equally
well fo r applications in a transmitter, which c an be operated from the extended
DC -DC converte r during p ortable op e r ation .

The desc ribed applications are only meant to be a stimulation for c on s t ruct i on
of versatile modular equipment. Naturally, the range of pos s ibl e combin a t ion s
and applications i s virtually u nlimited.

Of course, one of the g reatest advantages o f t h e modular system is the fact
that technical improvements and utilization of the l ate s t components does not
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re quire t he whole r ec e ive " to be modified; this is only made on t he module in
question whereas all other m odul e s remain i n their previous state. In this way.
it i s possible fo r equ ipm ent to be kept absolutely state-of-the-art or modernized
step-by -stc,p without re-'k signing the whole concept. E ven for fault -finding and
repair. th e mod ular system has the advantage that th e malfunction can be more
easily ]o c a lh.ed to th e defec tive module and it is , of course, easier to under
stand the openition of an individual mod ule than a complete unit with all compo 
nents on a com moo p r inted ci r cuit board . Professional electronics, i nclu di n g
space commun ications, have b een u sing modular systems for quite a long t ime,
Of course, the advantages fo ,' p rofessional applications are mainly in the quick
r-epl accm rnt o f defec t i ve modules which could also be impor-tant to a great
numbe r o f nma tcu r- stations such as repeaters. emergency networks etc.

Of cour-se , it is a j s o more economical to modify or modernize one modul e than
to r e-buil d a c omplete unit for a ce i-tam application. An idea of a receiver
bu ilt - up by the a uthor in the l'eko-modular ay stcm i s given in Figure 3 . T hi s
i s th e r-e ce ive r- shown in the block diagram Fig. 1.

Fig.3

The aut hor hopes that t hi s article will stimulate design of modular system s by
other amateurs . Several of the mentioned modules will be described i n detail
in l a t e r editions of VHF CO.MI'.HJNICATIONS .

3. AVAILABLE PARTS

The "reko -cnse s , the printed circuit boards as weIl as kits of the individual
modules will be made a vailable to readers a f t e r each module has been described
in th i s magaz ine.

4. HBFEHENCES

(1) D . E. Schmitze r: Plug-in M odular Equipment
in this edition o f VHF COMMUNICATIONS

(2) D . E . Schmit ze r-: Speech Processing
VHF COMMCNICA T IO NS 2 ( 197 1) . Edition 4. Pages 217 -224

(3 ) D. E. Sc hmit ze r : T h e Inte g rated Audio Amplifier PA 237
in t hi s e dition of vln' COMM UNICATIONS
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(4 ) H. J . P r-an ke, H. Kah le rt : DC Voltage Stabilize r wit h th e Integrated
Circuit L M 305

in this editio n of VHF COMMUNICATIONS

(5) D. E . Schmitze r : Expe rimen ts wit h a C r-ystal Discrim inato r'
VH F COMMUNICATIONS 2 (1970) , Edition 3 . P age s 147 -I52

(6) D. E. Schmitze r : A Mode rn Concept for P or tabl e 2 Met r e R(',·dv<'I'6
VHF COMMUNICATIONS I (1 969) , Editiun 2, Page s 115 - 122

RAOIO COMMUNICATION
HANOBOOK

,,,
•,.,

1
,
~,

•
• Weighing 2.5 kg (5 Ibll), it contains 830

pages packed full of up-to-date technical
info rmation

• Circuits and technology covering the
whole range of amateur rad io from basic
principles to sophi sticated SSB and
RTTY equipment.

• More than 30 years of excertence have
gone into the product ion of thle excellen t
handbook

• Hard-bound for many years of faith ful
serv ice

The Radio Communication Handbook Is avai
lable, from:

UKW·B£RICHT£ • H. J. Dohlu•• OJ 3 QC
0·8520 Ertangen, Gleiwitzer Streue 45

Western Germany

D~ul. che B.nk ErI8nll" n. Kanlo 415 325
PO"l9cneck konto Nurnbe,g 304 56

38. - 
15. 20

OM
OM

Tbe RSGB ha ve been forced to inc rea se tbeir prices due to hi gher
printing and po stal cbarges. The new pr ices wtth effe ct from Marc b
1st, 1971, are:
RADIO COMM UNICATION HANDBOO K , • . •. .• . • •••
VHF-UHF MANUAL .•..•.•• , ••.•... " ., ••••

VHF CON GRE SS WEINHEIM (W . G E R M A N Y) 1971

We woul d like to point out that the annual VHF Congress is once again taking
plac e in Welnheim , near He tdelber'g/w. Ge rmany. This year th e conference is
to be hel d on the lBth and 19th of septembe r , It offer s ccnnnuous tecture s by
outstandin g European VHF/UHF/SHF amateu rs as well as facilitie s for discus s ion
groups on dive r se topics appe r tai nin g to amateur r adio at th e higher fr eque nc ies ,
We e xte nd a co rdial wel come to all VHF/ UHF amateurs.
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AN INTEGRATED AUDIO AMPLIFIER USING THE PA 237

by D. E . Schmitzer, DJ 4 BG

The int e grat e d circuit PA 237 is one of a series of integrated audio amplifiers
manufactured by General Electric . The series consis t of types PA 234, PA 237
and PA 246 wh i ch are designed for ope r ating voltage s of 24 V to 37 V and for
m a xim u m power level s of 1 W, 2 W or 5 W. The two - watt type PA 237 is fa 
vourable in price and provide s sufficient pow er output for arnateu r- applications
even at l ow e r voltages. Applications fo r t h is integrated audio amplifier were
studied and the component and measured values are given in tabular form for
various operating voltages between 9 and 24 V.

a

Fig. 1 : Circuit of the integrated circuit PA 237

"

L-+-<>7

1. THE INTEGRATED CIRCUIT

, o-----<l~-+--_-O-___.J

12

T he int egrated circuit PA 237 consists of 7 trans istors ( 6 NPN and 1 PNP l,
5 diodes and 4 resistors that are built up on a common silicon subst rate. The
circuit is giv.en in Fig. 1 . The output stage ( Q 4, Q 7 ) i s in the fo rm of a
series-connected push-pull output stage ( and not as a complementary pair ).
The driver transistors ( Q 3, Q 6 ) are current ampliffe r s and form a Darling
ton stage together with the final transi stors. A P NP t ransistor ( Q 5) is con
nected before one branch for phase reversal. The high current gain of the two
branche s Q 3, Q 4 , or Q 5, Q 6, Q 7 results in a high input impedance . Since
this input impedance is also t h e terminating impedance for the previous stage,
the p re am pl Hie z- s t a ge achieves a high voltage gain ( V " S x Rc) . This is the
reason for the very high input s e n s it i vity of this module.

The preamplifier stage is in the form of a differential amplif'Ie r ( Q 1, Q 2 )
with both inputs acc essible ( 14 and 12). The output voltage is in the same
phase as at one input ( 14). It is , however, in a ntiphase with the voltage at
the other input so that an external feedback can be introduced. This isolation
of the inputs results in clear circuitry and very high input impedances.
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7 5 5

8 10 12 "

7,5

Fig. 2 : Case, connectionsand hole spacings fo r PC-board mounting

The integrated circuit PA 237 is accommodated in a flat plastic case possessing
4 connections on each side ( dual-ill-line case ). Fig. 2 shows the arrangement
of the connections as well as the plan of the holes that must be made on a
printed circuit board. At one end of the case, a strip protrudes from the cas
ing which is connected to the substrate and is designed for heat dissipation.
This cooling strip must be at the same electrical potential as connection point
8 (ground}. At input powers in e xcess of 1 to 1.5 W . it is necessary that it
is soldered to a heat s i nk . At lower power levels, it is sufficient for it to be
placed through a slot in the printed circuit board and soldered to the ground
surface.

-:
: tUb.O.7 V

jus t with R8

t
'LlL-

J" R3 : ~ C 3

" ;;
.......... "'ioci""" 1~P

'0' 3

1a.1fJ
14PA 237 7

tz

[V RS

UM

~~"
R6 ' daz

82> 47k

ifier 1,',
237 R7

'"
SOk

c

11'Ipet1

Fig.3: TraosformM-les s powe r amp l
with th e iotegratBd circuit PA

2. T HE EXTERNAL CIRCUIT

Fig. 3 indicates how.the integrated circuit is extended by external components
to form a complete audio amplifier. The voltage divider comprising resistors
R I, R 2, determines the operating point of the preamplifier stage . The operat
ing points of the output stage groups are determined by the wiring of connec
tions 3 and 12 . Trimmer resistor R 8 is provided in series with resistor R 6
so that even the very small, inavoidable circuit unbalance can b e compensated
for . The highest drive range and thus the maximum output powe r is achieved
by exact balancing.
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If this increase in out put power of 10 - 20 % is not required, It 1:I c a n LI.' de
Ieted and H 6 will have the same value as It 2. Otherwise . resistor R 8 !;hould
be adju s t e d s o that approximately 0 .7 V more than half the operatin g voltage
is a vailable a t connection 7 without d r iv ing t he amplifier .

D e viat ing from the ci rcu it given by the manu facturers ( 1). resistor R .. has
been inae r-ted i n s e ries with capacitor C 2. Thill was found t o be necessa ry in
o rde r to n eu t r-al iz e the amplifier even when ope r a tin g with t r-ue resistive loa d s .
W it h a loa d having an inductive c om ponent (loudspeaker, m odu l a tio n t r a n s for 
mer ) t h e dange r of breaking into osc i ll a tion ill l ower, how e ve r . resistor H ..
h a s no a dv e r s e effect and it i s advi aa bl e for it to be u s ed.

4 , CO NST RUCTION

Du r in g t he design o f a s u it a bl e p r in t e d ci r cuit hoard fo r this integrated audio
am plifie r , a few m odi fi cations we r e m ade t o the ba s ic circuit by t he e d ito r-s
of VHF CO MM UNiCATIONS. The fir st m od i fi cation ( Figure 4 ) was to pro vide
a t r a n s jo r m e r for mat c hing t he out put of t he a m plifi e r t o the requ i red l oa d
imp edance. With t eanaforme r , t he ampl ffie r- c an be u s e d for am plitude modu 
lation of t ranerrutte r a with input p ow e r l evels up to approximately 1, 2 W or
wit h h i.gh -dmpedance loudspea kers , e . g . dynamic e arph on es .

C5I 500 1-' r:
r-: ~fjPt2

C3

R'SO ,

100
7

12

c'J;'p"v
~R 7

,
~C6
.J.lOn

Rl

R 2
,n

DL3WR_ c ,
c '~H_r'-'j"PA23T>'-- - " 00 6

0.11-'

Fig. 4: Modified circuit diagram of
the PA 237 audio amplifier

T h e s e c ond m odi fi c a tion Is to p rovi d e a n e lec trolytic capac ito r ( C 5 ) of appr-ox ,
0. 5 to 1 m F for fil tering the operating voltage. It wa s only pos s i bl e a fter p r o
viding t h is capacltor for the amplifier to be operated on a very simple , s tabi 
lized powe r supply.
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T he third mod ification t ha t was n ecessary i s t he proVISIOn o f capacitor C 6
i n orde r to n eut r a liz e the amplifie r wit h t he input o pen . Wh en using the ampli 
He r in conj unction with a t ran s m itter, a res isto r of 1 kfl should be connected
in the m icroph on e l e a d d i rectly in front o f conn ection P t 1 .
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Fig. 5: Printed circuit board DL 3 WR 006 toget her with component location plan (value, valid for
Ub= 12VI

T he modified audio amplifier is accommodated on t h e printed circuit board
DL 3 WR 006 whose dimensions are 70 mm x 55 mm , F ig. 5 shows the printed
circuit board and the corresponding component location plan. If the amplifi e r
is to be used with a 811 loudspeaker, e . g. without tra n s fo rme r, it i s possible
for the printed circuit board- to be shortened. The loudspeake r should then be
connected to connection points Pt 2 and Pt 3. With a loudspeaker of different im
pedance or when the audio amplifier is to b e u s ed as modulator, the output
voltage should be taken from points P t 5 and Pt 6 .

The miniatu re trimmer resistor R 8 c an, of course , be replaced by a fixe d
resistor after est ablishing th e required value fo r the int egrated circuit.

5. COMPONENT DETAILS

C 1: 0 . 1 /.IF/plastic foil (spacing: 10mm )
C 2: 150 pj-' ceramic tubular or disc c a pa cit o r
C 3: 250 /.IF /lO V tantalium el e ctrolyt i c c apacitor ( 25 mm long)
C 4: 4 . 7 IJ.J<~/6 V electrolytic capacitor ( 12 m m long )
C 5: 500 IJ.F/15 V t a ntalium electrolytic capacit o r ( 20 to 25 mm long)
C 6 : 0 .01 /.IF /plastic fo il ( s paci.ng: 7.5 mm )

Transformer :
Type C tran sfo rm e r ( E K 25 S ) input impedance 7.5 0; P A F = 0 . 7 W, without
gap fo r use with loudspeakers with impedances differing from 8 n
For instance: Zout;' 250 n for dynamic earphones of the german PTT
Primary : 90 turns of 0 .4 mm ( 26 AW G ) enamelled coppe r wire
Seconda ry : 515 tUrTIS of 0 .3 mm ( 29 AWG) en am elled copper wire

Modulation transformer for a transmitter with 12 V/ I 0 0 mA:
Zin = 7. 5n, Zout = 120 0 ; PAF = 0 .7W; Air gap : one thickness of

insu lating tape - 119 -



T ype C transforme r ( E K 25 S ):
Primary : 150 turns of O. 3 mm di a . ( 29 AWG ) enamelled c opp er- wire;
Sec onda ry : 600 tu rn s o f O. 3 mm dta. ( 29 AWG ) e namelled copper wi re ,

The numbe r of turns is not too c r i ticaL

6. A VAILABLE P ART S

T he printed c i rcu it bo a rd DL 3 WR 006, the integrated circu it , t ransfo rmer kit
as well a s a klt o r par-t e are ava ila bl e f rom the pu blishe rs o r thei r nation al
r e pres e nta t ive s, P teaee see advertising page .

7 , R E F E R E NC ES

( 1) Data sheet of the P A 237 , published by Gene r al Electric.
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UNI VE RSAL POW E R SUPPLY USIN G AN INTEGRATE D
DC VOLTAGE STA BILIZER

by H. J.Fra nke , DK 1 PN and H. Kahle r t , DL 3 Y K

T he fo llowing article describe s how eas ily a modem. high - quality stabll lzed
DC power lIupply can be ccnst rccted ( an d i s constructed i n profess ional e le c 
t ron ic s ) . Those pa rt s of the stabilizer ci rcu it t ha t are re spons ible for the
s tabili za tio n Jactoz- and ot he r deci s iv e character-i st tc a ot the stabili ze r are com 
bined in an integrat e d circuit . The only e xte r na l connection s requi red in addit ion
to the DC source and volta ge divider fo r a djus ting the out put voltage. are the
pow er transistors which are dim en sioned according to the cu rrent values for
whic h t he s ta bil i ze r is designed.

I. T HE MONOLI T HIC VOLTAG E STABILIZER LM 305

An economical ty pe has been selecte d from the la r ge num ber of inte g rated
voltage stabll h:e rs available on the ma z-ket : type L M 305 manufactured by Na 
tiona l Semiconductor ( NS ) or SG 305 of Silicon Gene r a l ( SG ) . Table 1 contains
the m o st important spec ifications of this integrated c l r-cut t :

In put voltage :
Qu ie s c e nt cu r rent :
Powe r diss ipation :
Out put voltage:
Vol tage atabilization :

8 to 40 V
2 rn A
500 m W
4.5 to30 V
0. 06 %/ V

Load regulation:
Lo ng-te rm stabllity~

Tempe r a tu r e dependence :
Inte rference su ppressio n :

0 . 1 "10
0. 1 "10
0. 3 "t% C
0.01 "It/oC

T he complete c i rcuit of the L M 305 is given in F igu r e 1 whic h show s an im 
pressive arrangement of integrated componen ts , including a fi eld e ffect t r-ana 
Isto r and a capacito r .
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Ffgu r-e 2 shows a diagram of a typical voltage s ta b il i z e r circuit usin g the i ll
tcgrated ci r cuit LM 305. Tbe integrat ed circuit Ie I c on t r ol s t ransisto r T I
( a silicon PNP type) wh ic h in turn rcoda the powe r- transistor T 2 I for in 
stance : 2 N 3055 ). A stabilizer circuit d im e ns io ne d as shown may be loa ded
up to 2 A and c an pr-ovi d e a maximum out pu t v olt a ge of 28 V . T he power
t ranerorrn er- , r-cc t if'i ez- an d fi lt e r capacit o r s h ou l d be s uitable for these values .

U 01
....... _.nv.. " L" ..

'lh T°,.,$'T,. I Hl!l()';~

, H 4D3'
~1p"FW 7111 , .

w;+t, "",,"ng';~' ,"
l " Xl5 r

*
.., r" • ...
I'OJG "~V

~ 1
1.1 . CU RH E NT LI MITING Fig, 2: Circuit of a 2 A stabililer with current limit ing

The outpu t cur-r-ent ge nt' ra te s a vo ltage d rop across reefeto r- R 3 which c an be
used to actu a te cu rrent lim iting . The type of c i r c u it s hown in F i g . 2 e ff ect s a
redu ction of the vu lta ge an d cu rrent va lues on e xc e e di ng a c e rta i n output c u r r en t
threshold. Thl' value of thi s li mit is dete r m ined by r e s i s to r R 3 and the voltage
d ivide r R 4 / H 6. Since t he r-es i ata n c e va lues a r e de pe ndent o n t h e output vo lta ge
Uout • this ty pe u f circuit i s su itabl e for a pplication s wit h fix e d out put vo ltages.

If the output vol tage is to be va ria ble , a s irn pl er- circu it all given In Figu r e 3
should be used . In this circu it , the output c u r r ent r emains at the p revious
va lue on ex c e e d in g the thre s hcld whereas th e voltage i s r-educed t o ne a rly zero .
The dirnrmstcrnng of th e circ uit is e xt r em e ly sim ple and i s no t dependent on
t h e ou t put voltage . It i s m e r e ly necessary for re si s tor R 3 to be di mension e d
a c cordi ng to t he m a x imum per-m teetbte current Im a x :

n 3 • 0.3 5 V/lm ax: with Im a x i n A, the value o f R 3 will be in n ,

T he tw o circuit s given in Ft gu r-es 2 and ,3 d iffe r on ly in th e type o f c u r r en t
li m iting, e . g. t he voltag e divider R 4 /H 6 1s d e leted in Fig. 2. T he ci rcu it of
F i gu re 3 can be eas ily e xtended for an output cur r e nt of 2 A .

Rl

t r
2 N 29 0S

·Uout

• RI

7 lM 305 from obovl'

, ~,

s
lM l OS C2

", , i, R2

Ground

Fill. 3 : Circu it of a ttlllbilizer for 200 rnA ....ith simple current limit ing
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1. 2. ADJUSTI'I'1ENT OF THE O UTPUT VOLTAGE

The output voltage is determined by the voltage divider comprising resistors
R 1 and R 2. In order t o obtain optimum control characteristics. R 1 should
be: R 1 '" 1.11 x Uout ' whereby V out is in V and R 1 results i n kn. R 2 can
b e r e a d off from the curve given in Fig. 4.

R1/R2 0 ~ k Q - -

0
\

.8

6
I,

Rl 0 111 .u..,

, 'j7
"V

, r-,

---
0z

kO

,

3

5
" VOutput voltage _

60

Fig. 4: Dimensioning of the voltag e divider rasistor R 2

Example: Uout
H1"'1.1lx 12
R 2 from Fig. 4

12 V
13.::Lkn
2.4 i o

If the output voltage i s to be continuously variable, a potentiomete r s hould be
u s ed for R 1 whose maximum value ( corresponding t o the highest voltage to be
selected) is calculated as follows :

P 1 1. 11 x V out m a x

The wiper of t h e potentiom eter P 1 is c onn e cte d to connection 6 of I e 1; the
"cold" end of the po tentiom et e r i s connected to the fixed re sistor R 2. whos e
val ue is established for a mean o ut put volta ge on the cu r ve given in F i g. 4
( e. g. 2.4 kn ).

2 . A PRACTICAL POWER SU P PLY WITH
INT E G RATED VOLTAGE STABILIZEH

T he circuit of a p rac t ical voltage s tabilizer i s given in Figure 5. Basical ly.
this circuit corresponds t o t h at given in Figu re 2 . T he additional half-wave
rectifier circuit generates t h e plate voltage required for neon ( nixie) tubes.
The rect ifier D 1 and the filte r ing capacitor C 6 are a lso ac c ommodated on t h e
p rinted c ircuit board of the sta bili zed powe r supply.

- 123



MJ~'E~55 .~
E cB ~

2 Ni905 A

R JQS /1 W

TIS 61

~
'ZJ

2 N3702

~

T2
M£ 30SS

T1
561

.,L-_ _ -4.- ""'-'---4.--" ---''-<>o

DL 3YK 002

Fig. 5: Circu it of th e precti CllI stabilized power supply with IC

2.1. CHA RAC T E RISTICS

The pr ima ry c ha r acte r i s tics o f a. voltage s tabilizer circu it are the variations
o f the output vol ta ge as a fun c t ion of flu ctuation s of the power line volta ge and
loa d. T he following values are valid fo r the c i rcuit g iven in F igu re 5. equ ipped
with a LM 300. The va lues will be eve n better with a LM 305.

Var-iation of the ou tput voltage ". power H ne voltage fl uctuation or:
- 15 0/0 +1 50/.

Non - l oad 'mV 7 mV
xcu load ( 1 A ) 14 mV 11 m V

Variation of the output voltage on alterin g t h e load
from non-load to full load : 36 mV

Ripple o n th e out put vo l tage a t non -toed : 4 mVpp ( noise)
RIpple on the out put voltage a t lu ll load ( 1 A ): 9 mVpp ( hum )

Output voltage apprcx . 5 V 9 - 12 V appr-ox, 18 V

Min . AC input voltage 8 .5 V 17 V 24 V
under loa d
Max. output cu r r e nt 1 A 1 A 0 .7 A
Current th r e shold 1. 15 A 1.15 A 1. 15 A

By dimenrdoning the ci rcuit acc o r ding to Figu re 2. t he maximum ou tput cu r r en t
can be increased to 2 A . Of cour s e , the power trans fo nne r must be capa ble
of providing the minimum input voltage at the higher loading, and a mo re power
ful transistor s hould be found for T 1 ( see below) . T he mentioned heatsink is
sufficient s s long 8S the AC input vo ltage i s not too high . It is not necessary
to m odify th e printed c i rcuit board .
124 -



2.2. DIME NSIONING O F T HE COM P ONENTS

T he vo ltage stabllh:er c an be dime ns ion e d fo r three outpu t voltage r ang e s by
alter ing the voltage d ivide r R l/R 2. Wit hin this r a nge. the output vo ltage is
variable by a djus tm en t of potenticmete r- P 1. The thr e e ranges are :

5 V for di gital circu it s wi th TT L-IC s ( SN 74 .. )
9 V - 12 V fo r all e quipm e nt de scribed in VHF COMMUNI CA TIONS
18 V for olde r transistorize d eq u i pm en t

R es i s tor values changing with the r e qui r e d volt a ge r a nge a re given below :

approx , 5 V 9 - 12 V a pp rox. 18 V
R I 6.8 k li 15 kn 22 kfl
R 2 3. 6 k fl 2. 2- 2.7 kn 2kn
R 4 68 n 27n wire b ridge
R 6 820 n I k n Re m ove

The values o f the other com po nents are independent on the voltage ran ge :

T 1: TIS 6 1 o r 2 N 3702 ( Silicon P NP . ICm a x = 0 . 2 A) of Texas Inst r um en t s
a t h igher output cu r rents : 2 N 290S A. HC 160 ( ITT- lntermeta ll ,
AEG - T e le fun ke n )

T 2: MJE 3055 ( plastic ve r s ion of the 2 N 3055 ) o r 2 N 3055 .
Place three fe rrox be a ds on to the em itte r connection .

IC 1: LM 300 . LM 305 ( National Semiconductor)
SG 30 0, SG 30 5 ( Sil1c on Gener al)

Rect . 1: Silicon r ec tifier B 40 C 3 200/ 2200
( V = 40 V. I· 3 . 2 A ) ( Sie m ens, ITT-Interm e tall I

D 1 : Silicon d iode 1 N 4004 . BY 103 o r s imila r
PI : 1 k fl ten-tu rn he lical pot e ntiometer for P C -boa r d mou nt ln g . Spacin g

12.5 mm /2.S mm (B ou r ns 3009 P - I-I02 or Am phenol T 26 00 P )
c an be r eplaced by fi xe d re sisto rs a lte r e s ta blis h in g the exact
values required

He a tsink : app z-ox, 65 m m x 10 0 mm ( see F ig. 7 )

Fig. 6: Ptinted circuit board Ol 3 Y K 002
- 125 -



3. C ONSTHUCTION

With t h e exc eption of the po wer t r a ne ro rme r and the power t ran sisto r T 2 ( 00
th e heut s fnk ) a ll components ar-e accommodated on a p r i nted circu it board w it h
tilt' d im ensio n s 100 m m by 65 mm . The P rf - bo a rd, which h a s be en designate d
OJ. 3 YK 002, is s h own togethe r with its component location plan in Fig. 6.

Transistor T 2 is scre we d to the cent re of the he ats in k s o tha t lis connec tion s
p r ot rude o n the n at side. Th E:' p rinted circuit boa rd is m ounted to the heatsink
above the connection leads o f T 2 using 10 mm long s pacer bu s hings .

T h e ph ot o gr a ph in j"igure 7 show s the author' s protot y p e , The conn e ct ion leads
of transistor T 2 a re l en gt hened and s ol dered to the t a g s p rovid e d on the prtn t
e d ci rcuit boa r d. T he e m itter connection of the pass t ransistor i s provided with
throe fe r r ox beads for suppr-e ssfon of RF oscil la tion .

Fig. 7: Photograph of the a utho" , prototype

H the m e tal ty pe 2 N 3055 is used Instead of t he plastic type MJfo; 3055 , a m ica
disc s hould ~ be pl a c e d between th e c ase o f the t ran s i s to r and the heats in k
s o as no t to hinde r t he heat conduction, Howe ver, in thi s c ase it is nece s s a ry
for t he st abilizer to b e insulat e d from t h e other equlpm ent , T h i s can b e achieve d
u sing a per-ttnax brac ket which Is m ount e d betwecn th e fin s of the heatsink so
that the power su pp ly can b e mounted ap proxi m a te ly 5 to lOmm fro m the cha s s is
w it h the fin s vertical. The hot ai r can then pass the c oo l m g fins an d between
h e a t s lnk a nd P'Cv boa rd without h inderance .

4. AVAILAB L E P AR T S

T he printed ci r c u it boa r d DL 3 YK 002, t h e semicond u c tors , helic a l potentto
mete r and othe r compon...nts a s well as ki ts arc availa ble fr om the publishers
a nd th e i r national representatives . Please see advertising page s .
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MATERIAL PRICE LIST OF EQUIPMENT
described in VHF COMMUNICATIONS 2/1971.

For earlier equipment please see Editions 1/1971 and 4/1970.

DK2VFOOl +002 STRIPLINE REFLECTOMETERS

PC-board OK 2 VF 001 (double-coated) for 144 MHz ..
PC-board OK 2 VF 002 (double -coated) for 432 MHz . .

DC 9 MD OOI/Kit! Complete kit with all components and drills, but without crystal

DC 9 MD 001/Kit 2 Complete kit with ~ components, two drills and one crystal . .

DC 9 MD OOI/Kit 3 Complete kit with all components, !loro drills and two crystals.

DC 9 MD 001

PC -board
Semiconductors
Mlnikit 1
Minikit 2
Minikit 3
Minikit 4

Minikit 5

Crystals

Drill set

OJ 6 ZZ 002

PC -board
Minikit
Semiconductors
Crystal
Kit

DL 3 WR 006

PC-board
Semiconductors
Transformer Kit
Kit

DL 3 YK 002

pc-toard
Semiconductors

1 kOhm
Kit

TWO METRE WALKY-TALKY

DC 9 MD 001 (with printed pian) .
DC 9 MD 001 (12 transistors. 4 diodes)
DC 9 MD 001 (6 coilformers, 4 IF transformers, 3 chokes)
DC 9 MD 001 (trimmer cap. set and 51 fixed capacitors) .
DC 9 MD 001 (5 potentiometers, 40 carbon resistors)
DC 9 MD 001 (case, 4 sliding SWitches, 2 miniature jack

plugs and sockets, 1 coax. socket,
3 scale knobs, 1 battery connector)

DC 9 MD 001 (microphone and ear set)

72, . . .. (HC-18/U) with holder
Delivery approx. 4 weeks. Please state exact frequency.

A few standard frequencies (in MHz) are available ex stock:
72.0~/72.050 /72.M5 /72.100/72.1~/72.150/72.175

72.200/72.2~ /72.~0 /72.2"/72.300/72.325/72.350

72.375/72.~ /72.425 /72.~0 /72.475 /72.500/72.5"

for PC-boards 0.7 mm and 1,0 mm diameter

TRANSMfT CONVERTER 10 m / 70 em

OJ 6 ZZ 002 (double coated)
OJ 6 ZZ 002 (coil and trimmer set)
OJ 6 ZZ 002 (8 transistors)
67 .333 (HC-6/U)
OJ 6 ZZ 002 with all above components

INTEGRATED AUDIO ANIPLIFfER with the PA 237

DL 3 WR 006 (With printed plan)
DL 3 WR 006 (PA 237)
DL 3 WR 003/S (with glued EI core).
DL 3 WR 006 with all above components

UNIVERSAL POWER SUPPLY with INTEGRATED STABILIZER

DL 3 YK 002 (with printed plan) ..
DL 3 YK 002 (2 transistors/fC: LM 305 or SG 305,

1 diode, 1 bridge rectifier, ferrite beads).
Potentiometer 10 turn heli-pot .
DL 3 YK 002 with above components .

OM 10 . --
OM 61. 30
OM 16.40
OM 32.20
OM 23.50

OM 30. --
OM 32.60

OM 33. --

OM 6.

OM 198.

OM 230.

OM 260.

OM 11.
OM 7.

OM 16.50
DM 7. --
OM 34.50
OM 18.
OM 76. --

OM 4. --
OM 16.70
OM 7.50
OM 28.20

OM 8. --

OM 58.10
OM 9. ~-

OM 75.10

- iav -



CRYSTALS and CRYSTAL F I L T E R S for equipment descr ibed in
VHF COMMUNICATIONS that are available ex s tock. Only highe st quality c r ystals a r e oHer ed.

Crystal filter XF-9A (for SSB) witb botb sideband crystals OM 106 . ~ _

Crystal filter XF-9B (for SSB) with both s ideban d crystals . . . . . OM 137.--
Crystal filter XF-9C (for AM; 3.75 kHz) OM 137.--
Crystal fHter XF-90 (for AM j 5.00 kHz ) OM 137.--
Crystal filter XF -9E (for FM ; 12.00 kHz) OM 137.- -
Crystal filter XF-9M (for CWj 0.5 kHz ) wi th carrier crystal . . . . OM 106.--

Crystal discriminator XO 09- 03 m atching XF-9E OM 78. --

set

Crystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crys tal
Crystal
Crystal

96.0000 MHz
96.0000 MHz
95.8333 MHz
84.5333 MHz
65. 5000 MHz
65.0000 MHz
46.3333 MHz
46. 0000 MHz
45.4780 MHz
42. 0000 MHz
38.6667 MHz
27.8000 MHz

(HC- 6/U) for 70 cm converters (DL 9 GU, OL 9 J U) . .
(HC -25 /U) for 70 em converters (OL 9 GU, DL 9 JU ) .
(HC-18/U) fo r 70 cm co nve rte r s (DC 6 HY)
(HC ~ 6/U) fo r 24 ern converters (OL 3 WR)
(HC - 6/U) fo r 2 m conver te r s (OL 6 HA)
(HC - 6/ 0) for 2 m converte r s (OL 6 HA)
(HC-18/U) for pha se -locked oscillato r
(HC-18/U) (OJ 7 ZV / OJ 9 ZR )
(HC- 18/U) for VXO (OJ 9 ZR)
(HC - 6/U) for 70 MHz converters (G 3 JHM )
(HC- 6/0) for 2 m conver te r s (OL 6 SW, OL 6 HA) .
(HC-1 8/U) for 24 MHz syn thesis VFOs (OL 3 WR 007)

DM
DM
DM
DM
DM
DM

DM

DM
DM
DM
DM

21. 50
28. - 
28. -
21. 50
16. 50
16.50

49. -

24.50
15. 60
13 .70
25. - -

S tandard frequency c ry stals

5.0000 MHz (HC - 6/U) fo r calibration spectrum generators
(DC 6 HY) . •.••.• ••. •... .

1.0000 MHz (HC - 6/U) for ca li bration spe ctrum generators
(OJ 4 BG, DC 6 HY) .

DM

DM

25. --

20. 50

100 kHz (HC-13/U) lo r caj jb r-ation spe ctrum generators
(DC 6 HY) • . • • . • . . • . . • . • • . • • • • . OM 28. - -

Crystals 72 • • . • MHz (HC-6/U) for 2 metre transmitters (DJ 1 NB, OL 3 WR)
Please state required frequency on ordering
(Delive r y 4 to 6 weeks) .

HC-18/U crystals also ava il able ex stock.
Please see list with DC 9 MD Kit .

OM 21. 50

OM 33.--

Cr ystals other frequencies available (P lease s tate frequency and type)
(Delive r y 6 to 8 weeks)

Edition 2/69 .. . DM 3. - -
Edition 1/ 70 . DM 6. - -
Edi tio n 2/70 . .. DM 12. - -
Edi tio n 2/70 .. . DM 1. 50

ZR 001) DM 32. - -

DM 3.20UG-290/ UBNC-Socket

SPECIAL OFFERS as long as stock lasts:

PC-board OL 9 GU 001 (with printed pl an)
PC-board DJ 4 BG 003 (with printe d plan)
P C-board OL 3 WR 003 (wi th pr inted plan)
PC -board DL 3 WR 004 (wi th pr inted plan)

Overlay Power Transistors 2 N 3375 (5 W SSB with OJ 9

OTHER EQUIPMENT an d COMPONENT S

HB 9 CV Antenna for 145 MHz, chrome-plated, detachab le
inc ludIng post and packin g (s urfac e mail ) .

Interdigital ban dpass filter for th e 23 cm band, s imila r to the de scription
in QST , March 1968 ; r eady to ope rate with BNC connector s
without connectors (de li very 6 to 8 weeks) .

OM 40.- -

OM 82.30
DM 76. 20

- 128 -



Connectors for PC-boards 13-pole connectors
zr-pote connectors

for 70 em transmitters OK 1 PN, DC 6 HY

made of silicon glass flbre (or EC 8020

with integrated protective diodes 40673 (RCA).

Completely ready-to-operate equipment

2 m converter DL 6 HA 001
70 em converter DL 6 GU 001
70 em receive converter DC 6 HY 001
70 em transmit converter DC 6 HY 002
70 em linear amplifier DC 6 BY with

Tube EC 8020

UHF tube socket

Dual-Gate MOSFET

(IF: 28~30 MH~)

(IF: 144-146 MH~)

EC 802Q

Edition
Edition
Edition
Edition
Edition

1/70 .
2/69
4/70 .
4/70.
4/70

OM 134.60
OM 196.50
OM 179.60
OM 149.50
OM 142.40

OM 27. --

OM 2.90

OM 12.50

.., OM 7.40.., OM 11.20

HANDBOOKS for ENGINEERS and RADIO AMATEURS

RAmO COMMUNICATION HANDBOOK (RSGB)
VHF - UHF MANUAL (RSGB) .
Empfangstecbnik 1m UHF-Bereich, F.Mohring
PAL-Farbfernsehtechnlk, F. Mohring
PAL- Farbfernseh-Serviceteehnik, F. Mohring
Schaltungstechnik von Schwan-WeiB-Fernseh-Empfangern
Taschenbuch flir Funkamateure, Kortz/Lentz
Antennenbuch, Rothammel .

Inc!. postage
Inc!. postage
(German)
(German)
(German)
(German)
(German)
(German)

OM 38. -
OM 15.20
OM 14.80
OM 24.60
OM 36.-
OM 16.80
OM 19.80
OM 24.--

PLASTIC BINDERS in VHF-blue
for UKW-BERICHTE and VHF COMMUNICATIONS
Capacity 12 editions (3 volumes) incl. surface post and packing

TERMS OF DELIVERY AND BANK ACCOUNTS

OM 5. --

Alf prices are given in West German Marks. The prices do not contain post and packing for
which an extra charge will be made: :-:-: . . . . . . . . . DM 1. 50

The prices do not include any customs duty where applicable. Ail supplies having a value of
over OM 60. -- (or less when requested) will be dispatched per registered mall and charged
with: OM 1. - 

Some delays may be caused at the moment due to delivery difficulties at the manufacturers.
Equivalent semiconductor types will be supplied If original types are not available.

Semiconductors, quartz crystals and crystal filters can not be exchanged.

It is not possible for us to dispatch orders per C. O. O. All orders should be made cash-with-order
including the extra charges for post and packing, registered mail, etc. A transfer to one of our
accounts or via our representatives is also possible.

Any Items (such as handbooks) which include post and packing are correspondingly annotated.

VERLAG UKW-BERICHTE, Hans J. pohjus OHG, 0-8520 ERLANGEN, Gleiwitzer strasse 45
'reierco (09131) 33323 + 35409

Accounts: Deutsche Bank, Erlangen
Postscheckkontc Nornberg .
Oster-retcbtscbe e Postsparkassenamt Wien

476 325
30 455

116 914



CRYSTAL AmRS • FllTER CRYSTALS - DSCILUIOR CRYSTALS

SYNONYMOUS forQUALITY and AOVANCEO TECHNOL06Y
PRECISION QUARTZ CRYSTALS. UlIRASDNIC CRYSTALS.

PIElD·ElECTRIC PRESSURE IRANSDUCERS

Listed is our well -known series of

9 MHz crystal filters
for SSB, AM, FM
and CW applications.

In order to simp lify matching. the
input and outpu t of the fi lters com

prise tuned differential trans for
mers with galvan ic connection 10

the cBsing.

Filter Type XF-9A XF·9B XF·9C XF-9D XF·9E XF-9M

Appl ication SSB- SSB AM AM FM CW
Transmit

Number of Filter Cry"al, 5 8 8 B 8 •
Bandwidth (6dB down ) 2.5 kHz 2,4 kHz 3.75 kHz 5,0 kHz 120 kHz 0.5 kHz

Passband Ripple < 1 dB < 2 dB < 2 dB < 2 dB < 2 dB < 1 dB

Insertion Loss < 3 dB < 3,5 dB < 35 dB < 3,5 dB < 3 dB < 5 dB

Inpu t-O ut put Z, 5000 5000 5000 5000 1200 ~ 5000
Termination C, 3D pF 3D pF ""F 3D pF 3D pF 3D pF

(6 50 dB) 1,7 (S:60dB}1.8 (6 ;60dB) 1 B (6 60 dB) 1 (S:SOd8) 1 (6:40dB)2.5
Shape Fact or

(6 80 dB) 2.2 (S,80dB)2 2 (6 fKldB)2 (6,110 dBl2. (6.60d B)4.4

Ultimate AUenu8tlon > 45 dB > 100 dB > 100 ee > 100 dB > 90 dB > 90 dB

KRISTALLVERARBEITUN6 NECKARBISCHOFSHEIM 6MBH
o 692-4 Neckarbi.cnol ,heim . Po,tfach 1
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