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A STEREO VHF /FM RECEIVER WITH
FREQUE NCY SYNTHESIZER

P ART II : CONSTRUCTION

by J.Kestler, DKl OF

6. CONSTRUCT ION

It is advi sable for the mo d ul e s VH F -a m pl i fi e r , IF-ampli fi e r , an d frequ en cy
synt hesizer t o be completely sc ree ned a cco r din g to good VH F pract ice. This
is especially valid for th e VHF-amplifier to e n s u r e that th e loca l oscillator
r a di at ion is kept to a min im um. Du e to the high attenuation of t he MOSFET
preamplifier stage in th e revers e di rection , no oscillato r radia t ion is to be
expec ted via the antenna. If t h e c om plete tu ne r i s not to be installed in a
s cree ne d metal box, it i s important fo r th e IF-amplifier t o be well s cre ened
so th a t no shortwave s ignals ca n be injected . Int e r ferenc e of this ty pe ca n be
hea r d when r ec e i ving weak VHF/FM stations as a very un pl ea sa nt h et e r ody ne
or birdies.

It i s al so advisable fo r the s y nthesizer module t o be fully s creened since the
s teep T T L- pul s e s posse s s a considerable harmonic spe ct ru m. Of c ou r s e , the
frequency pl an of the r e c e ive r cou ld be des igned so that no harmonics of the
oscilla tor fr equency divided by fou r fa ll into the required, o r image frequ ency
band ( which would mean that no he terodynes would be present ), h owe ve r , th e
4 28t h ha r m onic of the phase-c om pa rit o r freque ncy (25 kH z) wou ld int e rfe r e
with t he int e r m ediate frequ en c y. F u r th e r m o r e , s eve r a l h armonic s of t he 5 MHz
crys tal-controlled oscillato r fall into th e r e qui r ed fr e qu ency ba nd. The ha r m o 
n ic order is, how e ver, rela tively high so th a t the interfe r e nc e amplitu des a re
very lo w and will be s u ff ic i en tly suppresse d when using a rational m e c ha nical
construc tion.

For thi s r eason , a ll modules a re provid ed wit h 25 mm high s creenin g panels
arou nd the edge of ea ch P C- boa r d and are screwed to a metal c ha s s i s. It is
advisable for the VH F and IF am plifiers to be m oun t ed on on e side of th e
c ha s s i s a nd the fr e qu ency synt hesizer on th e othe r. If th e t un e r is t o be en 
closed in a scre ened metal case, no c o ve r s will be need e d on th e individual
modules. All DC c onn ec tion s a re bypassed u sing fe e dth r ough capacitors of 2 nF
or mo r e. T he RF interconne ction s are made u sing thin coaxial cable ( RG -17 4/
U or s imila r ) .

6 . 1. VHF MOD ULE DK I O F 020

T hi s m odule is m ounted on a s in gl e - c oate d PC - boa rd . The c om po n ent l ocation s
are g iven in Figure 11. T h e s pacing between th e l owe r su r face of the boa rd
and the c hassis should amount to approximately 5 m m for al l modules. Atten 
tion s hould be paid that thi s s pac ing is m aintained when s olde ring th e scre enin g
panels to th e edge o f th e P C - boards . As can be seen in the photo g r a ph given
i n F igure 12, s cre enin g pa nels should be sol de re d in to place over t r a nsisto rs
T 20 1 and T 20 2. The r equ i r e d c ut - ou t s for th e two MO SF ETS should be a s
s mall as possi bl e .
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6 . 1. 1. SPECIAL COMPONENTS

T 201, T 202 : 4 084 1, 40673, 3 N 140 (R CA) o r s im ila r dual-gate MOSFET
T 203 : B F 245 A (TI) or W 24 5 A (Silic on ix)

o 20 1 - 0 204 : Sil ic on va r a c t o r diode B B 104 , green (Siemen s )

L 201 : 6 turns of 1 mm dia , (1 8 AW G ) s ilver -plated coppe r wi re wo und on a
6 m m di a . coilformer, t u rns spaced 1 mm . VH F co re ( brown), fi rs t
ta p 1. 25 turns ( antenna ), second ta p 3.75 turn s ( ga te ) from th e cold
end.

L 202: As L 20 1, bu t w it ho ut tap
L 20 3 : As L 201 , t ap 3. 75 turn s f rom th e cold end

Spac ing L 202 - L 20 3: 12. 5 m m ( c e nt r e t o cent re )
L 204 : 4 turns , oth e r w i s e as L 201, t a p 1. 25 turns from the cold end
L 205: 36 turn s o f 0.3 mm dia, (2 8 AW G ) e namelled copp e r wire in special

c oil set .
L 206, L 207 : Ferrite chokes of appro xi mately 20 J1H ( not critical), spacing

max. 17.5 mm

All capacitors : Ceramic disc-types fo r 5 mm spacing; tubular capacitors ca n
be used for the IF-output ( 33 pF, 82 p F ). A spac ing of 10 mm or mo r e
is ava ila ble for the resistors.

6.2 . IF MOD ULE OK 1 OF 021

T h e boa r d for t h is m odul e is al s o s ingle - c oat e d a nd is shown in Figu re 13. The
inte rconnection be tw e en P t 203 a nd Pt 2 11 ca n be m a de w it h a pi e ce of insulat ed
wire if it i s not l onger tha n approximately 2 e m. If g rea te r l engths a r e r equired,
coaxia l ca ble should be u s ed. In thi s ca s e , t he 82 p F ca pac ito r ( parallel to
P t 203 ) s hould be r educ ed by the value o f th e cable ca pac it a nce . RG-174/ U
cable ex hi bits a capac it a nce of approximately 1. 5 pF / cm , The inte gra t ed am 
plifiers I 211 a nd I 212 shou ld be soldered in to place with th e shortest possible
connec t ions ; in the case of I 21 3, it is not advisable for a s o c ke t to be u s ed.
Figure 14 s hows the autho r's prototy p e from t he c om pon e nt and conductor s id e,
whe re s c r e ening panels should also be provi de d.

6. 1. 2. COMP ONE NT DETAILS

1 211, I 212 : CA 3028 or CA 3028 A (R CA)
I 213 : TBA 120 or TBA 120 S (Si em en s, AEG T el efunken)

( Wh en using TBA 120 S, th e 15 pF c a pa c it o r s s houl d be deleted)

T 211: B C 107, B C 108, BC 109 o r s uitable NP N-silicon transistor

0211: AA 11 6 or s imilar germanium diode

L 211 , L 2 12 , L 21 3: 36 turn s of 0. 3 mm ( 28 AWG) enamelle d c oppe r wire in
special coil s et

L 214 , L 215: 18 turns oth e rw ise a s a bove

A ll by pa s s ca pa cito rs ( 10 n F, 22 nF ): Cera m ic d isc types

All ot her ca pac ito r s : Ce r a m ic disc o r tu bular ty pe s

A spa c in g of 10 mm or mo r e i s a va ilabl e for the re s i s to r s

F 21 , F 212: Crystal filters TQF-2 59 9 ( T OYOCOM), available from th e
publishers.
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Fig. 15: Component locations on PC-board DK 1 OF 022
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6.3 . SYNTHESIZ E R MODULE DK 1 O F 0 22

T h e PC - boa rd developed fo r th is module is 11 5 mm x 85 mm. It is do u bl e 
c oat e d an d possesses throu gh c ont ac t s . Soc ke t s c a n be us e d for all i ntegra ted
c irc u it s w it h the e xcept ion of th e EC L fli p -flop I 22 1. T h e fre quency limit of
the p rog r a m m a bl e f requen cy di vi d e r w i ll s till be in exc ess of 45 MH z. T he u s e
of soc kets eases fa u lt - fi n ding a t a later da t e .

6 .3 . 1. CO MP O NE NT DETAI L S

I 22 1 : SP 6 0 1 B (Pl e s s ey) ; n e w de s i gn a tion : SP 86 0 1 BT
I 222, I 225, I 22 6 : SN 74 196 N (TI) o r FLJ 38 1 (Si em en s)
I 22 3 : SN 74 H 102 N (T I)
I 224 : SN 743 0 N (TI) o r FLH 131 (Si em e n s)
I 227 : SN 74 19 7 N (TI ) or F LH 39 1 (Si em e n s )
I 22 8 : S N 7 48 6 N (TI ) o r FLH 34 1 (S iem ens)
I 22 9 : SN 74 27 N (Tl) or F L H 62 1 (Sie m en s)
I 221 0, I 2 2 1 1 : S N 74 9 0 N (T I) or FLJ 161 (Si e m e n s)
I 22 12 : SN 747 3 N (TI) o r FLJ 1 21 (Si em en s)
I 221 3: MC 4 044 P (Mot o r ol a)
I 22 14: TBA 2 21 B (Si e m en s) o r 74 1 C M (va riou s m anufa cturers )

T 22 1, T 222: 2 N 517 9 (R CA)
T 223: BF 272 (SGS)
T 2 24: 2 N 709 (Fa irchild o r ot h e r manu fa c tu r e r s)
T 225, T 2 27, T 228 : 2 N 9 14, 2 N 70 8, BSY 18 o r a ny s im ila r type s
T 22 6 : B C 108 o r s im ilar NP N - silic on t r a n s i s tor

All c a pa c ito r s : ~ 47 n F : ce r a m ic disc types

0. 1 IJF c a p a c ito r s : P la st ic - foil c a pac ito r s

1 IJF , 4 . 7 IJF, 22 IJF : Alum inium or t ant alu m e l ec t rolytics

A spa cin g o f 10 mm is a vailabl e fo r all resi s to r s
-4

Crysta l : 5.000 MH z :!:. 1 x 10 , parallel re s ona n c e (approx . 30 p F ) H C- 6 / U

Series t rimm er : Cera mic di s c o r plasti c - foil trimmer o f 10 - 60 . pF,
10 mm d ia .

T r im m e r r e s i s t o r : 5 0 k ll trim m e r fo r hori z onta l m ounti n g, s pa c ing 10 / 5 mm

T h e c om p on e nt l ocation s a r e given in F i gu r e 15; a phot o g raph o f t h e au t hor's
p rot otyp e i s s how n in Figu r e 16 . The 82 II fi lte r r esi s t ors at th e da t a input s
are soldere d into plac e be t we e n th e P C - boa rd a nd th e fe ed throu gh c a paci to rs .

7 . DIGITAL F REQUENCY SELE C T OR SW ITC HE S A ND P ROGRAM MING

A s c a n b e s e en in th e table given in Se ction 5. 2. o f P art I, th e p rog ram m in g
o f the va r ia bl e fr equen c y divid e r ( input s Al to C 4 ) i s m ad e in posi tive (n on
inve rt ed) BCD- code . This m ean s that digital switche s are r e quired that a lso
wo rk in B CD-code . It is advisable for switches with a n in verted B CD-c oding
t o b e u s ed s o that the data lines that a r e to be fed w it h th e L- sign a l ( low)
c a n b e g rou n de d . Th e inputs t ha t a re provided w it h t h e H - s i gn al ( h i gh) c a n
th en r e main open circui t. Any s pu r iou s inj e ctions will b e fi l t ered out by th e
fe e dth rough c a pac ito r s .

- 135 -



connector

~ programming
A

r ...- ..
-
-
- ......
-
-
- ..

:- ....
- r:»:- '0

,-0

" ,Ir , ,r

GD ,.. " ,r , ,..
6~

5----0 S
8 4 2 1 8 4 2 1 842 1 I.~

\' \ 3'-----0
2 0

~ 1
0

plug

10MHz 1MHz O.1MHz

Fig. 17 : Channel selection and programming using inverted
BCD-coded switches

The interconnection of the frequency synthesizer and inverted BCD-coded se
lector switches is given in Figure 17. The numbers given in the symbols for
the switches give the valency of this contact. The "8" means that this contact
is open when the number "8" has been selected, whereas the other contacts
remain closed. In the case of the numeral "6", contacts "4" and "2" are open,
whereas contacts "8" and "I" remain closed.

A fixed programming of the tuner can be achieved relatively easily and without
much mechanical work. This is also given in Figu re 17. The switch Sallows
the digital switches to be selected ( position "0"), as well as various diode
matrixs ( switch positions 1, 2, 3, etc. ). Each of these positions represents
a fixed program ( channel). The construction of such a programming circuit
is achieved with the aid of a socket on the rear panel of the tuner which is
connected to the data inputs Al to A4 as well as to the switch S. The diodes
are then soldered between the various pins of the plug according to the table
given in Section 5.2. The data lines that are to carry "L"-signal must be con
nected with the diodes. A 21-pin connector is sufficient for a maximum of 11
preset channels. The described method allows the programming to be changed
relatively easily without having to open the case.
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If non-inverted BCD-switches are to be used, the following modifications will
be required:

a) The polarity of all diodes shown in Figu re 17 should be reversed

b) All data inputs A 1 to C4 should be grounded by resistors of 180 II each

c) The centre contact of the switch is now not grounded, but connected to
+ 5 V

d) The diodes used for the programmed channels should be connected to
the data lines which are at "H" -signal in the table.

Normal, multi-position switches with 10 or more positions can be used instead
of the digital switches. Figure 18 shows how these can be connected. However,
a large number of diodes ( 53 pieces) will be required.

A 1234 C 1 4

80

900

100

Fig.I8: Using a multi-position switch for channel selection

8. PREPARATIONS AND ALIGNMENT

Before the three previously described modules are finally mounted in the case,
it is advisable to check the operation and make a preliminary alignment. This
allows any faults that may be present to be easily corrected. The final align
ment is made with the various modules mounted in the unit, however, only
small corrections will then be required.
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8.1. TUNER AND IF -MOD UL ES

The IF-output ( Pt 20 3 ) should be c onnec ted to t he in pu t of th e IF-amplifier
( Pt 211 ) wit h the aid of a short pi e c e of wi r eo The l ocal os cilla tor output
( Pt 205) r emains di s connected a t this point. A suitabl e antenna i s conne cted
to c on nec t ion Pt 201 ( 50 - 75 Q ). The pream plifier s tage is liable to osc illa te
i f th e matching is not correct ( SWR > 3 ). The AF - output should be c onn ec t ed
via a c a pac it o r of 0.1 /.IF t o a n AF-ampli fi e r with loudspeaker, o r hi gh -impe 
da nce headset. Connection P t 204 is provid e d tempo rarily with a va r ia ble bi a s
volta ge of 0 to +12 V wh ich c a n be obtaine d using a 10 k Q potent iom ete r across
th e opera t ing volta ge. The c ont r ol vo ltage input ( Pt 202 ) i s c on nec te d via a
re s isto r of 120 k Q to Pt 206 . The opera t ing volta ge of the VHF and IF-modules
is n ow switched on; thi s is followed by ch e c king th e sou r ce voltages of tran s 
istors T 201 and T 202; de viations of up to 50 % are permissibl e, otherwi se
it will be necessary to ex c ha nge th e transistors. If th e tunin g pot entiom et er
i s va ried, several s tron g transmitter s should be hea r d.

Fig.1 9:

Tuning curve of the input
frequency fin or oscillator
frequency fo8V.654

5
/z 115

n MHl /
fo /
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I /

0
I I

OK 10F
/110

I
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5
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1/ I I
I I

i i
I
100 /
I 1/

7 98
' l

8

90

10
MH

f i

t

9

10

It is firstly necessary to adjust the oscillator fr equency range. This is extre 
m ely simple if a VHF fr equ en cy c ounter is available; it should be c onnec ted
to Pt 205. Figure 19 shows the input, or oscillator frequency as a function of
th e tuning voltage. The c or e of inductanc e L 204 is a djusted at a tunin g volt
a ge of 2.5 V so that the oscillator operate s at 98.5 MHz. If a fr e quency coun 
ter is not a vailable, the frequen cy should be determ in ed using strong VHF I FM
t ransmitte rs whose fr equency is known. If th e volta ge at Pt 204 is in c r eas ed
to 8.5 V, the oscillator should op erate at 11 6 MHz, c or re s pond in g to a receive
frequen cy of approximately 105 MHz. If th e o sc illa to r frequ ency range is too
large at the given volta ge swing of 2.5 to 8.5 V, it will be necessary to in
c r e a s e the value of 4.7 pF capacitor connected in parallel with L 204, or vic e
ve r s a if the range is too small. The ne xt standard values of 3. 9 or 5.6 pF will
most certainly be suitable. Deviations from th e curve given in F igure 19 of
~ 1 MHz at the lower and ~ 2 MH z at the upper end of the band are permissible.
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A voltm eter ( 1 V range, R <! 20 k St l should be c onnect e d between Pt 212 a nd
Pt 21 3. A strong transmitte r should be tuned in at the centre of the band
(approx. 96 MH z) that i s able to provide a readin g on the S-meter. The inpu t
stages ( L 201 to L 203 , a s well a s th e IF-circuits L 205 and L 211 to 213 )
s ho uld be a li gn e d fo r maximum . Inductance L 2 14 can be coa r s e ly a ligned for
m inimum distortion.

8.2 . SYNTHESIZER MODULE

F inally, th e frequenc y synth e s i zer is aligned. The o scill a to r input of the tuner
( Pt 205) is connected usin g a piece of coa xial cabl e ( le n gt h un crit ical) to the
input of the di vider ( Pt 221 ); th e ou tput ( Pt 22 3 ) is c onnec ted to the tun ing
input ( P t 204) and the provisional b ias volta ge sourc e is di s c onnected . After
the digital switches ha ve be en temporarily conne cted to the data inputs, the
operating vo lt a ge s are co nnec ted t o Pt 224 (+ 15 V ) and Pt 222 ( 4.9 to 5.2 V,
app r-ox, 350 mA ). The volta ge a t pin 3 o f I 221 3 i s now measured via an 1 k!:l
dropper r e s i s t o r. If a voltage o f 1. 5 to 3 V is indic a t e d, th e c ry s ta l oscillato r
and frequen cy divid er ( 200 ) are p r obably working correctly. If an osc illoscope
is available, it is, of course, ea s y to esta bl i s h wheth er the 25 kHz s qu a re
wave signal i s available at th is point.

T he voltm e t e r is now connected betwee n Pt 223 a nd ground ( range app ro x.
10 V ), and a fre qu e ncy of approximately 96 MHz i s selec ted. T h e cont r ol cir 
cuit wi ll lock in at a certain posit ion when th e 5 0 k!:l t r im m e r res i sto r is
varied ; t hi s mea n s that it should be possib le to measure a tun ing voltage of
approximately 4.6 V on the voltm eter c o r r e s pon ding to an in pu t frequency of
96 MH z. In a synchronized state , the volta ge at testpoint TP (Pt 225) should
amou nt to approximately 1. 4 V; if requ i r e d , it is possible to slight ly va ry the
va lu e of the 50 k!:l t r im m e r until this valu e is obtained.

8.3. F INA L ALIGNMENT

As was m entioned previou sly , the final alignment is made wh en th e ind i vi dua l
modules ha ve been interconn ected t o ge th e r in its fi na l c a se . A VHF/FM t r an s 
mitter of moderate s trength i s s elected, and the alignm ent of th e input an d IF 
circuits is co r r ec t ed measurin g the voltage between Pt 212 a nd Pt 213; the os
cill a to r adjustm ent shou l d not ha ve changed . If r equired, it c a n be c o rrected
( L 204 ). A strong transmitter is now selec ted for a lignment o f the phase cir 
cuit { L 214 , L 215 l . No o the r strong stations should be in the frequen cy range
of :!: 300 kH z. Fo r e xample, it is assumed that the frequen c y is 97 .0 MHz. The
DC -voltage va lues at the AF -out put of t he demodulator are now noted at th e
a dj a c e nt frequencies (in our example at 96 .8;96 .9;97.0;97.1 ; 97.2 MHz) . T he s e
values are plotted in a cu I've a s shown in Figure 7. Aft e r removing t he core
of L 215 , induct a nc e L 214 is aligned to ob tain th e most symmetrica l c u rve .
The amplitu de of the m ea su red vo ltage is not impo rtant s i nce it is dependent
on com ponent tolerances. It will be in t he order of 4 t o 8 V at the cen t r e fre 
quency. T he slope of the demodula t o r chara c t e r i s tic i s dete rmin ed by the damp
in g re s isto r s in parallel with L 214 a nd L 215.

After the most symmetrical curve ha s been aligned ( th e linearity w ill not be
quite op tim um ), the DC - volta ge va lue at the A F -output is noted w ith th e t r ans 
mitter tuned- in correctly. The core of inductance L 215 is inserted in to th e
c oil until the same value i s just obtained. At this position, the reversa l points
of the discriminator characteristic will be symmetrica l to the centre frequency.
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This rather primitive alignment process will not be the most favourable method,
and a swept-frequency system would simplify the IF-alignment considerably.
However, the author has used the described alignment procedure several times
on the prototype and has checked the alignment on a swept -frequency system.
The deviations observed, were, however, not great enough that a reduction in
quality was to be expected.

Finally, the alignment trimmer in series with the crystal is aligned. This is
made by selecting a VHF/FM transmitter of moderate strength having no trans
mitters in the adjacent channels. Whilst observing the reading on a voltmeter
connected between Pt 212 and Pt 213, the channel selector is switched to the
adjacent channels. The trimmer capacitor is adjusted so that the reading is
reduced by the same value at both sides of the required frequency.

9. ACCESSORIES
9.1. AGC AMPLIFIER WITH S-METER

High-quality HiFi receivers are usually equipped with an antenna rotator which
means that some means of displaying the field strength of the transmitter must
be provided to indicate when the antenna direction is correct. The AGC and
indicator amplifier given in Figure 20 has been designed for this application.
The input (Pt 233 and Pt 234) is connected to the DC -voltage output of the
IF-amplifier ( Pt 212 and Pt 213 ). The two transistors T 231 and T 232 form
a differential amplifier similar to the classical tube voltmeter circuit having
a ve ry high input impedance to ensure that the rectifier circuit ( D 211 ) is not
loaded. The balancing resistor R 231 allows any differences between the two
field-effect transistors to be compensated for. The meter is in the drain cir
cuit. It is followed by a DC-voltage amplifier ( I 231), which operates from
supply voltages of + 15 V and - 6 V, in order to achieve a negative output volt
age ( Pt 236 ). The output of the AGC amplifier is connected to the AGC input
of the VHF module ( Pt 202 ).

A voltage deviation of + 6 to - 3 V reduces the RF gain by more than 50 dB so
that the dynamic range of the indication is considerably increased. Trimmer
resistor R 232 is aligned so that the AGC voltage at Pt 236 amounts to + 6 V
without signal.

9.2. SQUELCH

Since VHF/FM broadcast transmitters transmit a continuous carrier, the
squelch circuits used in conventional communications equipment will not be re
quired. However, the noise in between stations should be suppressed during the
tuning process. The voltage at Pt 225 can be used for this since it only pos
sesses a value of 1. 4 V in its locked-in condition. This voltage is larger or
smaller during the tuning process according to the direction of the frequency
change. The circuit diagram of this muting circuit is given in Figure 21. The
DC-voltage from the phase comparitor ( Pt 225 ) is fed via connection Pt 238
and a filter link ( 100 krl/l0 nF) to the integrated amplifier I 232 and I 233.
Since they are not provided with feedback, they operate at full gain as cornpa
r-it o r-s, If the input voltage increases above the potential of + 2 V determined
by the diodes, the voltage at the output will become positive so that transistor
T 233 will receive a positive gate voltage and will interrupt the AF-signal path.
If, on the other hand, the voltage at Pt 238 falls below the switching threshold
of the other amplifier ( + 0.7 V l, the output voltage will be positive and trans
istor T 233 will be blocked. The RC-link (0.1 IiF/1 Mri 1 ensures that the
switching voltage has a short rise-time, but a slow fall-time.
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9.3. TUNING IND ICATOR

As was mentioned in Part I of this article, th e I F bandwidth of t h e VHF/FM
receive r is greater than the channel spacing of the transmitters. This means
t ha t it is possible to tune -in a channel incorrectly, although this w il l not be
heard. A c i rcu it is to be described ( Fig. 22) t ha t switches-on a LED-indicator
in t h is case. A suitable c r ite r ion is a vailable in the form of the amplitude of
t he DC - voltage at the AF - output of the IF - m odule. As ca n be s e e n in Figure 7 ,
th is l e vel va r i e s by m ore t ha n 0.5 V with a fr e qu e ncy error of 100 kHz (ad
j a c e nt c ha nne l ). The c ircu it is similar t o that of th e sque lch, using a double 
comparito r whi c h then dr iv e s transisto r T 234 . T his t ransistor then switches
the opera t ing c u r r ent fo r the LED- ind ica tor. The th re s hol d values are adj ust 
able with t he aid of trimme r potent iom eters R 233 and R 234. T h ey are adjusted
so that the LED -in dicator is just r eliably swit ched off wh e n the transmitter
is co rrectly adju sted.

9.4. PC -BOARD F OR AGC, SQUELCH AND TUNING INDICATOR

The three previously described ci r cuits are accommodated on a single P C 
board of 100 mm x 40 m m , This board has be en designated DK 1 OF 023 . T he
component l ocations are given in Figure 23.

F i g. 2 3: Component locations a n d prototype of the AGC-amplifier,
squelch, and tuning indicator

I 231 - I 23 5 : TBA 221 B (S i e m ens ) or 74 1 C M (va rious m anu fa ctu r e r s)

T 23 1, T 232 : BF 245 A (TI) or W 24 5 A (Silicon ix)
T 233: P 1087 , W 10 87 (Silic on ix) o r 2 N 38 20 (T I) or simila r P - channel F ET
T 234: B e 108 or s imila r s il icon NP N transistor

All diodes: 1 N 41 48 or similar silicon d iodes

R 23 1 - R 234: Trimmer r e s i s t o rs fo r ho r izontal m ountin g, spacing 10 /5 mrn,



10. STEREO DECODER
10. 1. CIRCUIT DESCRIPTION

The task of the stereo decoder given in Figure 24 is to regenerate the two AF
channels ( Land R) from the demodulated IF -signal. Earlier stereo decoders
used very few transistors but a large number of resonant circuits. This meant
that they were often difficult to align. An integrated circuit has been available
for several years now ( RCA CA 3090 ) that only requires a single inductance
in addition to the passive components. This integrated circuit possesses 125
transistors, 15 diodes and over 100 resistors. It exhibits very good specifica
tions such as: Stereo channel separation > 40 dB, harmonic distortion < 0.3%,
etc. ) and requires virtually no alignment. It also offers automatic mono/stereo
switching, as well as indication when a stereo transmission is present.

The multiplex signal from the squelch circuit ( Pt 2310 ) is fed via Pt 241 and
a coupling capacitor to pin 1 of the integrated stereo decoder I 241. The oscil
lator uses a series resonant circuit ( L 241/C 241 ) and oscillates at twice the
subcarrier frequency, e. g. 76 kHz. The RC-link at pin 14 is the filter of the
phase-locked loop. The capacitor at pin 6 is used to filter the control voltage
for the automatic mono/stereo switching. This voltage can be shorted partially
via the 12 kr2 resistor and an external switch so that mono-reception of weak
stereo transmissions is obtained. The resistor between pin 7 and pin 8 deter
mines the threshold of the automatic switching; if the value is increased, the
decoder will only be switched to stereo in the case of strong transmitters.
Pin 12 is the output of the switching amplifier; an LED indicator can be di
rectly connected via a dropper resistor to this point. The RC-links 10k r2/
4.7 nF and pins 9 and 10 provide ,the required de-emphasis in order to
compensate for the pre-emphasis provided at the transmitter. The audio out
put signals are fed via 1 J,JF coupling capacitors to the outputs Pt 244 and Pt 245.
The operating voltage connected to connection Pt 246 is filtered again by the
RC-link of 220 r2/100 J,JF).

10.2 CONSTRUCTION

A single-coated
stereo decoder.
tions are given
Figure 26.

PC -board designated DK 1 OF 024 has been designed for the
The dimensions are 60 mm by 40 mrn. The component loca
in Figu re 25, and a photograph of the author's prototype in

10. 3. COMPONENTS

1241: Integrated stereo decoder CA 3090 Q or CA 3090 AQ (RCA)

L 241: 110 turns of 0.2 mm d ia , ( 32 AWG) enamelled copper wire in a potted
core of 14 m m d ia, x 8 mrn , A L = 160 ( B 65541 - K 0160 - A 022 ) with
alignment components

C 241: Styroflex capacitor 3300 p F, spacing 12.5 mm

All electrolytics except 100 J,JF and 22J,JF: Tantalum drop-types of l! 15 V

A spacing of 12. 5 mm is available for the resistors.
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10.4 ALIG NMENT OF TH E STEREO DECODER

The stereo decoder is fi r s tly c onnec t ed to the other part of the r e ceiver, after
whi c h it is c onnec t ed to the ope ratin g vo lta ge . if a fre quen c y c ou nt e r i s a vail
a b le , it c a n be c onnec t e d via a ca pac i to r of 100 pF to pin 15 of th e integrated
c i r c u it an d the frequenc y o f the osc ill a to r aligned to e xa ctly 76 kH z with the
a id of the core of indu ctanc e of L 24 1. The AF-inpu t ( Pt 24 1 ) s ho ul d be di s 
c onn ec t ed du r ing this m easurement. If a f r equ ency count e r i s not a va ilable, a
wea k stereo transmitter sh ould be use d for alignment . The co r e of L 24 1 should
be a djust e d care fully un ti l th e s te reo indi cation a c tuat e s . Th e RF -inpu t voltage
i s decreased using a 50 II c om posite pot entiomet e r in th e ant en na line . Indu ct
anc e L 241 is aligned until the st e r eo ind ica tion only a c t ua t e s wit hin a narrow
range. It i s impo rtant that the phase position of th e r e ge nerat e d s u bc a r r ier
coincides exactly du rin g dem od ulation of the di fferenc e signal ( L - R l. since
distortion will increa se rapidly otherwis e due to th e double sideband conver 
sion. T he above alignment pr ocedu r e has been found t o be ve ry successfu l.

11. FINAL NOTES

Well -filte r ed and stabi l i z ed vo lta ges a re requi r ed for the de s c ribed tuner. Th i s
is t o ensure that the quality of t he r eceived transm i s s ion is not dete r io r a t ed
due t o " i nte rna l interfere nc e " . T he five m odu l e s desc r ibe d in this art icle form
a complete HiFi-tuner for dire c t conne c t ion to a hi gh - qu ality stereo amplifier.

A suitable powe r supply is to be described in on e of the ne xt editions of VH F
COMMUNICA T IONS. T h i s power supply will prov ide all voltages requi re d by
the tune r.

coverage of VHF/UHF, RTTY. FM, IC·s. and much , much more.

AMERICA'S

This monthly magazine has set a whole new standard lor

state -ot-the-art constru ct ion and technical art icles. Extensive

technical

for amateursjournal

Leading

1 year US$ 10. 00 2 years US$ 17, 00
3 years US$ 24. 00

including bulk airfr ei ght to Europe

WORLD WIDE

HAM RADIO MAGAZINE
Greenville . N . H. 03048
USA

EUROPE

ESKILL PERSSON SM5CJP

Frotunagrand 1
19400 tfpptands Va.by, Sweden

UN ITED KINGDOM

RADIO SOCIETY Of
GREAT BRITAIN

35 Doughty Street
l ondon. WCIN 2AE. Engiand

Orders to Mr. Penson payable in equivalent amount of your currency .
- 14 5 -



A TRANSMIT MIXER AND LINEAR AMPLIFIER
FOR 23 em USING FOUR 2 C 39 TUBES

by R.Jux, DJ 6 UT and Hi Duttbe r-ne r , DL 3 MH

This mixer and linear amplifier for 23 cm is constructed from brass plate,
which can be cut and soldered together easily. Four 2C39 tubes are used, each
rotated through 1800 so that the smallest possible spacing exists between the
anode chamber of one tube and the cathode chamber of the next. The first tube
is used as mixer and the subsequent three stages are linear amplifiers for
23 cm. Being a linear amplifier, the described module can be used for all
modes.

Fig.1: Principle of the mixer/linear amplifier module

The mixer stage is fed with a crystal-controlled signal of 1152 MHz at a power
level of approximately 2 W, as well as with a signal to be converted that is in
the range of 144 to 146 MHz at a level of 300 mW. If only the CW and FM mo
des are to be used, the crystal oscillator module can be modified to another
crystal frequency so that 1296 MHz results. In this case, the whole linear am
plifier including mixer stage can be used for amplification. There are several
possibilities of providing the oscillator voltage required, and fu rther details in
the form of a block diagram regarding this are to be given at the end of this
article. The last frequency doubler is to be described which is also equipped
with a 2C39 tube.

The following article is to describe the construction and alignment of this mi
xer/linear amplifier module in detail. The construction of this module from
brass plate and not from lathed and milled parts does make the manufacture
possible to a large number of amateurs, however, we are dealing with UHF
cavity resonators, which means that the parts must be constructed carefully.
A large number of these modules have been constructed and are working suc
cessfully. Several photographs and diagrams are given to assist construction.

1. MECHANICAL CONSTRUCTION OF THE CHASSIS

The photographs given in Figures 2 and 3 show the finished chassis which must
be constructed firstly.

1. 1. MATERIAL AND DIMENSIONS

Semi-hard brass plate of 1. 5 mm thickness is used for all parts of the de
scribed module. It is possible for all parts to be cut by hand, but attention
must be paid that the given dimensions are maintained. The following parts are
required:
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Grid plate

Side panels 2

Intermediate panels 6

End plates 2

Anode chamber 4
c ove r

Anode plates 4

Dielectric plates 4

Dimensions Notes

71 x 284 .5 mm F ig . 4

39.5 x 284.5 mm Fig. 5a, 5b

7 1 x 50 m m F ig. 6

93 x 10 1. 5 m m Fi g. 7 (B end up at th e
da shed lines)

70 x 74 mm F i g. 8

Part

Co vers

No . required

4

65 x 65 mm

65 x 65 mm

65 x 65 mm

Fi g. 9

As Fig. 9 but from in s ul a t 
ing material such as P C 
board without copper coat
ing. 0.5 mm thick

As Fig. 9 but from insulat
ing material such as PC 
board without copper coat
ing. 1. 5 mm thick .

• •

Fig . 2 : Lower side o f t he chass i s b efore s ilve r plating

F ig . 3: Up pe r s i d e of the c hassi s - 147 -
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1. 2. CONSTRUCTION OF THE CHASSIS BY HARD SOLDERING

After all the required parts have been cut, they should be drilled with the re
quired holes according to the drawings. The two end plates should be bent as
shown in Figure 7 so that 73 mm spacing exists between the reinforcing edges
and the grid plate after the side panels have been soldered into place. In order
to ensure that the spacing of 73 mm results, the side panels should be care
fully fitted into the slots. shown in Figure 5. The width is dependent on the ma
terial used, thus 1. 5 mrn , and the depth amounts to 0.5 mm. This can be done
with a small drill and a saw blade of 1.5 mm thickness. If this is not possible,
it would also be possible for the chassis to be constructed using soft solder
( See Section 1. 3. ).

After the slots have been sawn, the side plates are pushed past the grid plate
and the two end plates are placed over them facing the correct direction. If
the end plates have been bent correctly, they will clamp the various parts to
gether. Attention should be paid that the grid plate is exactly at the centre of
the end plate. It is now possible for the six intermediate panels ( Fig. 6) to be
inserted in the correct positions. The whole chassis is now hard soldered.

Three mounting brackets are required for the cathode trimmers on the inter
mediate panels 6. 1., 6.3., and 6.5. The dimensions and positions are given
in Figure 10. They are also hard soldered or screwed into place. Finally, it
is necessary to mount the insolating supports above the cathode connections.
In the author's prototype, rectangular metal blocks with a 3 mm threading were
soldered to the outside of the side panels which can be seen clea rly in Fig. 3.
Of cou rse, it is also possible to solder 3 mm nuts at the required positions.

1. 3. CONSTRUCTION OF THE CHASSIS BY SOFT SOLDERING

In this case, it is necessary to change the dimensions of the metal parts
slightly: Grid plate 70 x 282.5 mm and intermediate panels 70 x 50 mm.

When soft soldering the chassis, the grid plate, side panels and end pieces
are fitted together and the end pieces are bent tightly and exactly so that the
individual pieces are held together firmly. The various plates are now soldered
together at certain points. Attention should be paid that no soldering is made
within the chamber but on th.e outside. The intermediate panels can now be in
serted and fixed into place. Finally the whole chassis can be soft soldered to
gether.

Four wooden blocks having the same size as the cavity resonators simplify the
construction. They are placed into the cavity chamber after which the inter
mediate panels are inserted. This allows a construction without milling and
sawing.

The heat capacity of the completed chassis is so great that the re is no danger
of the chassis coming apart whilst soldering on the anode chamber covers or
when soldering the trimmer and feedthrough capacitors into place. Of course,
attention must be paid that the chassis does not get too warm.
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2. CONSTRUCTION OF T HE OTHER P A RTS OF THE CHASSIS

T he photographs of the comple ted module given in Figu res 11 a n d 12 give an
idea of the positions of these parts. Figure 10 s ho uld also be r eferred to in
th is sec tion. Furt her details a re given duri ng th e various s teps .

~l
.. .- f

Fig . 11 : Prototy pe modu le fr o m DL 3 MH

Fig . 12 : Prototype f r om the s ide
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2.1. CONTACT STHIPS FOR THE GRID AND ANODE PLATES

The length of the c ontac t st rips fo r the an ode s and g rids of the tubes is de 
signed so that th e r ings a r e fi r m ly held in th e appropriate hol es. Figu r e 13
show s how the c ontac ts should be after com pl e t io n. The conta c t rings should
now be soft soldered into place.

Aft er c om pl e ti on, th e c ha s s is , c ove r of th e a node c ha m bers ( Fig. 8 ) , and
a node plates s hou ld be silver plated. Unfortunately, it is not always ea sy to
find s uc h a com pa ny th at is will in g to s i lve r plate s m a ll quantitie s. It is a
matt s ilve r fin i sh th at is r equ ired, a nd the ty pe of s i lve r pl a ti ng used for cups
an d knives e tc . is n ot very su ita ble.

o

O.5mm Epoxy
Anode plate
2mm Epoxy

Fig. 13 : Tube contacts, installation of the trimmers and feedthroughs

2.2. FURTHER PREPARATIONS AND INSTALLATION OF THE TRIMMERS

T en ce ra m ic tubular trimmers ha ving a ca pa c it ance of less than 5 pF are r e
quired for the module . The authors used professional t r immer s which are shown
in the illustrations.

The three trimmers C 6, C 10 and C 14 in the mounts on th e c a thode side of
th e tubes a re placed as they are into the hole of the mount and soldered. These
c a pac ito r s a r-e not c r it ic a l so that other ca pa c it o r types c a n be used.

The other seven trimmers should be modified: The short ca p with the solder
tag is r emoved. This ca n easily be achieved with the aid of a pocket knife.
Small silver-plated tubes should be used instead of these caps. The length of
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these pieces of tube is 13 mm for C 4, C 8, and C 12, and 18 mm for trim
mers C 3, C 7, C 11 and C 15 (Fig. 14). These tubes are made from semi
hard brass strips, 0.5 mm thick. They are then shortened to 13 or 18 mm and
rolled around a drill shaft that is a few tenths of a mm narrower than th e
ceramic part of the trimmer. After silver plating, the tubes should fit tightly
on the c e ra m ic part of the trimmer.

A wire of at least 1 mm diameter is now soldered to trimmers C 4, C 8, and
C 12. The bent end should be just as long as the trimmer body, and should be
soldered with a sufficient amount of solder along the whole length so that there
is sufficient mass to ensure that the joint does not open on heating the cha s s i s
or making other solder connections to the other end of the wire. The three
trimmers are now dismanteled, and the wire placed through the ceramic feed
through of the anode chamber. The main part of the trimmer is now plac ed
through the hole in the grid plate, into the silver-plated tube, and soldered
into place.

soldered

C4,
C8.
C12

co C3,
C7,
cn
C15

Fig. 14 : Installation of the tubular trimmers

The main parts of the trimmers C 3, C 7, C II, and C 15 are soldered into
place in the holes of the grid plates. The tubes must be mounted after solder
ing the anode chamber covers into place. This is made through the holes oppo
site each of these trimme rs ( See Section 2. S. ).

2.3 . INSTALLATION OF THE FEEDTHROUGH CAPACITORS

A total of 16 feedthrough capacitors are required whose values should be in the
order of 100 p F, If this value should not be SUfficient, it is always possible
to solder a disc capacitor in parallel. The feedthrough capacitors can be sol
dered into place; however, it is advisable to use types with a screw-fitting
for the high voltage lines due to their higher voltage ratings. In fact, the latter
type have been found more favourable, since a large number of the capacitors
for solder mounting break even at relatively low temperatures.

2.4. PREPARATION AND INSTALLATION OF THE
ENC -OUTPUT CONNECTOR

The ENC output connector is variable on the front panel of the output stage.
A ENC connector is used with long threading; the spring, or locking washer
should be removed. A second nut is required so that the connector can be
countered after the correct output coupling has been found.
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The first nut is sc rewed loosely to the end of
the threading, after which the connector is
placed through the hole in the anode chamber.
The second nut is now screwed into place at
the beginning of the threading and soldered to
the connector. It is now possible to solder
the coupling link between inner and outer con
ductor of the BNC connector. The dimensions
of this output link are given in the opposite
drawing. It is made from 2 mm diameter sil
ver-plated copper wire.

nutl
Chassis

J1'

nut 2

2mm dia silver
plated copper wire

It has been found that there is some danger of the solder melting later. It is
not possible to hard solder the coupling link to the connector, since this would
damage the teflon dielectric. It is therefore necessary for both ends of the
coupling link to be provided with enough solder so that they are completely
covered. It should then be possible to solder the anode chamber of the output
stage without unsoldering the coupling link at the same time.

2.5. PREPARATIONS AND SOLDERING OF THE
ANODE CHAMBER COVERS

The following must be done before silver plating:
Covers 1 and 4 ( designated 8.1. and 8.4. in Fig. 10) are provided with cut
outs at the outer corners so that they can be fitted closely to the end pieces.
As can be seen in Figure 8, the four covers are provided with a hole for the
tubes of the trimmers C 3, C 7, C 11, and C 15 in addition to the large cen
tral hole which must be at least 2 mm larger than the contact ring of the anode
plate. In addition to this, four countersunk screws are soldered to the corners.
This is to mount the anode plate, dielectric plate and covers together as is
shown in Figure 13. These screws should be hard soldered since they would
not remain soldered if soft solder were to be used.

The silver-plated anode chamber covers can now be soft soldered into place
on the resonator chambers. This is done by mounting the anode plates with
dielectric and cover loosely and plugging everything together with the aid of
an old 2C39 tube. This ensures that the contact rings are truely concentric to
another. The holes for the trimmer capacitors must also be exactly opposite
the main part of the trimmer which is mounted on the grid plate. It is then
possible to fix the cover into place by soft soldering at several positions around
the edge. After this, the tube and dielectric plates are removed and the solder
ing process is completed.

2.6. MANUFACTURE OF THE CATHODE CONTACTS

Four modified BNC panel connectors are used for the cathode/heater contacts.
The oute r conductors of the BNC connectors are shortened so that 10 mm to
11 mm remains when measured from the flange end. The outer conductor is
now provided with four narrow slots so that it can spring back slightly. The
inner conductor is now removed and replaced by a screw. A piece of contact
strip as used for the anode and grid contacts is now soldered into the slot at
the head of the screw. A drawing of this is given in Figure 13.
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Fig. 15 : Close- up view of the cathode side of the mixer stage

If BNC connectors are not to be used, it is possible to make the contacts from
brass tape. This means that the insulated support shown in Figure 15 will no
longer be required.

3. ELECTRICAL CONNECTION

It is now time to install the chokes, coupling and bypass capacitors, as well
as the cathode and heater resistors (Fig. 16). With the exception of L 2 ( Six
hole ferrite core), all chokes are >../4 chokes from approximately 0.5 mm dia
meter enamelled copper wire, wound on a 3 mm diameter former, self support
ing.

The value of the cathode resistors R 1 to R 4 must be optimized during the
alignment process; it is very dependent on the state of the tube, drive level
and alignment. Values between 50 It and 100 It can be used to start with.

In order to ensure operation quickly, it is advisable to heat up the tubes with
a heater voltage of 6.3 V, and to switch in dropper resistors after one minute
so that the heater voltage drops to approximately 5.5 V. Further details were
given in (1).

The coupling and bypass capacitors are all given in the circuit diagram. The
value of 100 pF for the latter is only an orientation value. Probably not all of
these capacitors are really necessary, however, they seem very advisable at
both ends of the cathode chokes.
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The four tubes are cooled by two axial blowers in the author's prototype. The
tubes are mounted in the case so that they are horizontal and are cooled by
the air flowing from below. These blowers are very quiet and only a slight
hiss can be heard. Unfortunately, they can only be obtained for a voltage of
115 V ( Papst 4800 ), which means that two must be connected in series. when
used on 220 V AC. This cooling is very efficient so that it is possible to run
the power amplifier stage from an anode voltage of 750 V. The blowers should
be switched on together with the heater voltage.

A multi-pin connector is provided on the rear panel for monitoring all operating
and measuring voltages. Three ENC connectors are also provided for the
1152 MHz and 144 MHz input freqiencies and for the 1296 MHz output. The
feeding of the mixer inputs along the whole length of the module results in a
tendency to oscillation, which requires some neutralization.

All operating and measuring voltage lines should be screened, and grounded
where possible. It is possible that twisting the wires would be sufficient, but
this was not tried.

The coaxial cable from the input of the mixer, where a corner ENC connector
should be used, is passed along the lower aluminium rail to the rear panel of
the module. It is then sc reened using a thin brass strip which is bent around
it. It was also necessary for the two ENC sockets to be grounded to the chas
sis of the module using an 8 mrn wide brass strip, even though both connectors
are mounted on metal panels. This will not be necessary if both connectors
are mounted on the front panel.

Two meters are required: One each for the anode current of the mixer and
output stage ( The author did not monitor the intermediate tubes ). It is easy
to see on the anode current meter of the mixer whether the mixer is oscillat
ing. The current should drop considerably on removing the 144 MHz signal
( Power mixer ).

4. ALIGNMENT

If one is not able to measure the local oscillator frequency of 1152 MHz (Ab
sorption wa vemeter ), it is advisable to prealign the module using a 1296 signal
from a 70 em transmitter and varactor t r ipl.e r-. Since a power mixer is being
used, an input power of approximately 1 W will be required, that is fed to the
1152 MHz input. This is followed by connecting the local oscillator signal to
the input. If the output power is approximately the same, then its frequency
can be assumed to be correct.

The mixer stage is provided with an anode voltage of 300 V for the preliminary
alignment, and the intermediate and output stages 500 V. The mixer is driven
with 300 V at all times, whereas the intermediate stages can be increased to
600 V and the output stage to 750 V later. During the alignment process, the
stage being aligned and the previous stages are provided with anode current.
Each stage is aligned for maximum voltage drop across the cathode resistor
of the following stage. It has been found that no orientation values can be given
since there are great differences between individual tubes. As an example, the
voltage drop ac ross the cathode resistor of tube 2 amounted to O. 1 V without
drive and 2. 1 V under full drive conditions.
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Fig. 16 : Circuit diagram of th e 1296 MHz mixer/linear a m pl ifier module
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A certa in care must be taken w hi ls t aligning the tubular trimm e rs. The spindle
s ho u ld not be inse rted too far sinc e it c ou l d fall into th e ca vity. On e coul d then
try and drill a hol e o pposite th e trimmer on the other side and try a nd rotate
it ba c k into the t rimm er. 'fh is is, how e ver, somewha t di ffi cult. F u rthe r mo re,
one s hou l d not adjust th e trimm ers t oo oft en sinc e thi s will dete r iora te the
c on ta c t s o f t he trim mers .

The prototype manufac tured by DL 3 MH was operated with an injection power
of 2 W from th e local osc illa to r ( 1152 MHz), and a signal po wer of 500 mW at
144 MHz. The alignm ent is fi rstly made with the side panels of th e case re
moved, and corrected after th e s e panels have been mounted in to pl a ce.

T he output connector i s rot at e d for maximum output pow er. The exte rn a l nut
s ho u l d be tightened until the c o nnec t o r c a n just be r otated with th e c a bl e c on 
ne ct ed. It is th en t i ght en ed c om pl e t e ly after the m ost favou rable po s it ion has
be en found . If th e m odule is a ligned a t 1297 MH z, no furth er alignm ent will
be requi red ove r th e whole of th e 2 MH z wide c om m unica t ions band.

Th e ou tpu t pow e r was m easu r ed wit h the aid o f a terminating r esistor and
th rou gh-line probe. It a mounte d to 22 W at a plate voltage o f 750 V fo r the
out put stage. The m ixe r sta ge wa s driven with 1. 9 W at 11 52 MH z and 0.5 W
a t 144 MHz. A c c ordin g to th e expe r ien c e gained usin g s e veral different tubes
type 2C39 A and 2C 39 BA, it s h ould still be possible to inc r eas e the power out
put further. Unfortunately, no furth er tubes were availa ble a t the tim e of mea
surement, especially none o f t he YD-series, so that it i s diffic ult to give the
values for the output pow er wh en using better tube s, This form of c on s t r u c t ion
do es have a certain weaknes s: the c ou plin g from stage t o stage : It is not opti
mized and the usual ga in per sta ge of 10 dB (at low pow er l e vels) has not
be en a chieved.

5 . LOCAL OS CILLATOR INJE CTION

There ha ve be en s o many des criptions s h ow in g how th e 11 5 2 MH z local osc ill a 
tor signal can be generated f r om a lower frequen cy c rysta l that it is not to be
r e peated in detail here. The bas ic s et-up is shown in Figure 17. How e ver, the

'la s t doubler stage e quipped with t he 2C 39 tub e is to be de s c r ib ed in m o r e de
tail (Fig. 18). A sim il ar const ruction is used as for th e transm it m i xer mo
du le. The modified trimm ers 7 and 8 and BNC c onnec t o r 12 have also been
used for the cathode/heater c onnection s . The main support is th e grid plate 1;
the side panels of the cavity are soldered to this plate. The anode c a vity cover
4 is very similar t o tho s e used in the mixer module with dielec t r ic plate 3 and
insulating plate 5. The ca t hode ch am be r can remain op en or clo sed . The cathode
c onnec t io n 12 and two bracket s for the feedthrough ca pac itors 15 are mounted
on an insulated suppo rt, which e n s u r e s that the tub e is m ounted c o r rectly within
th e cha m be r .

It i s on ly im po r ta nt tha t the cavity dim ensions of 70 mm by 7 0 mm by 20 mm
be maintained exactly. Wh en dri ven sufficiently, e. g. f r o m an EC 80 20 tube,
and modification o f th e frequ ency plan, it is possible to use th is s t a ge as power
a m pli fier in an FM/ CW transm itter.
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Fig.18: Last frequency doubler 476/1152 MHz of the local oscillator
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A RECEIVE CONVERTER FOR THE 13 em BAND
WITH DIODE lVIIXER

by A. Seha-dlieh, DL 2 AS

A simple, but relatively high performance converter is to be described for the
13 ern band ( 2304 MHz .to 2306 MHz l , The main features of this converter are
the single diode mixer without preamplifier stage using air-spaced stripline
circuits for selectivity at SHF-Ievel. The circuitry and construction are very
similar to the 23 cm converter described in (1). However, ><./2 striplines are
used for the 13 cm converter that are tuned with the aid of home-made trimmer
capacitors.

No components are required that are expensive or difficult to obtain. Further
more, hardly any metal work is required. The dimensifns of the converter are
110 mm x 68 mm x 43 mm and the weight is only 1(j0 g. This means that it
is extremely suitable for mountain top field days where compact dimensions and
light weight are extremely important.

The sensitivity of this converter is mainly dependent on the diodes used in the
mixer and on the first intermediate frequency amplifier. The author was not
able to measure the noise figure, but comparison to another converter equipped
with a BFR 14 transistor in the preamplifier shows that the described converter
was inferior by approximately 3 dB.

1. CIRCUIT DESCRIPTION

The circuit diagram of the converter is given in Figure 1. The local oscillator
frequency uses a 40 MHz crystal since crystal oscillators using the third over
tone operate more stably and are easier to align than those using the fifth or
even seventh overtone. It is often very time-consuming to find the required
neutralization inductance to compensate forthe capacitance of the crystal holder.
The frequency ( 40 MHz) of the crystal oscillator is multiplied by nine in two
tripler stages. A high-quality UHF preamplifier transistor in a TO 72 metal
case is used for the first three stages. The author used transistors BFX 89
( Siemens), but similar types with a transit frequency of 1 GHz from other
manufacturers can be used. It is possible that the circuit will also operate with
cheaper transistors, however, considerable time can be saved when high-quality
transistors are used, especially where little measuring equipment is available,
and the constructor does not have a great deal of experience at SHF.

The 360 MHz signal is fed via a bandpass filter to transistor T 4, which am
plifies the signal to approximately 60 m W. A wellknown transistor type 2 N 3866
is used here which should be soldered into place with the shortest possible con
nection leads. This transistor operates in class AB with a quiescent current
of approximately 4 rnA. Editorial note: Transistors are obtained under the de
signation 2 N 3866 from a large number of semiconductor manufacturers which
differ so greatly from another that they can hardly be classed as the same
t'ransistor type. Some of these transistors hardly provide any gain, whereas
others oscillate wildly even in the DC -test circuit. This means that attention
must be paid that these or other standard transistor types are obtained from
wellknown manufacturers and not from third", fourth or even lower quality
sources.
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The frequency of 360 MHz must now multiplied by six. This is obtained in
two varactor multipliers: The first multiplier uses a diode BA 138 or BB 105
for D 2 and triples the frequency to 1080 MHz; the second multiplier uses a
diode BA 149 or BB 105 as D 3 which doubles the signal to the required output
frequency of 2160 MHz. T"his frequency plan allows the alignment to be made
step by step. Furthermore, the large frequency spacings improve the selecti
vity of the lower frequency, intermediate stages of the local oscillator. A "A/4
air-spaced stripline is used at 1080 MHz, and a similar stripline of "A/2 in
length at 2160 MHz.

The 2304 MHz input circuit comprises a )",/2 line which is capacitively shortened
at the centre (max. voltage) with the aid of a home-made trimmer with which
it is aligned. The input socket is galvanically connected near to one end of the
line; and the mixer diode is connected to the other end of the stripline circuit
with the aid of a clamp. This can be seen clearly in the photograph of the
authors prototype given in Figure 2. It will be seen that the diode is mounted
to one end of the 2160 MHz stripline circuit and is thus coupled to the local
oscillator. The IF-side of the mixer diode is also held in a clamp which is
soldered to a small metal disc which forms an SHF bypass capacitor of a few
pF using a PTFE ( teflon) foil between it and the ground surface.

Fig.2: Upper view of the author's prototype

The author uses a point-contact diode type 1 N 416 (which is equivalent to type
1 N 21 ) as mixer diode. The last letter of the designation ( "E" in the proto
type) indicates the maximum noise figure of the diode, which decreases in al
phabetical sequence: E = 7 dB at 3 GHz; G = 5.5 dB at 3 GHz, etc. These spe
cifications are valid for a local oscillator power of 0.5 mW. If a letter "R"
is given at the end of the designation, this will indicate that the polarity of the
diode is reversed. For amateur application, this will only mean that the meter
for monitoring the diode current should also be reversed. Of course, a SHF
Schottky diode could also be used instead of the point-contact diode ( for ex
ample HP 2817). In this case, no clamps are required and the diode can be
soldered into place using extremely short connections.
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The author did not use a built-in meter for monitoring the diode current. An
external meter was connected via a connector during the alignment process. At
one time, it was necessary to monitor the diode current on switching on a SHF
converter, however, this is no longer necessary when using modern techniques.
Nowadays, it is relatively easy to design the local oscillator circuit so that it
will operate reliably under fluctuations of the operating voltage and tempera
ture, as well as under shock conditions.

A dual s gat e MOSFET transistor ( T 5 ) is used as IF preamplifier. It is con
nected to the SHF bypass capacitor of the mixer diode. The input and output
circuits of this stage are tuned to 145 MHz. Neutralization is not required. The
author used a transistor type BFS 28 ( Philips ), however, the well known RCA
types 40673 or 40841 are just as suitable.

Fig.3: Lower view of the author's prototype

2. CONSTRUCTION

The described 13 ern converter is built up on a 107 mm x 65 mm double-coated
PC -board. A framework of 40 m rn high panels of single -coated PC -board ma
terial are soldered to the board. Upper and lower panels of the same material
are screwed into place after completion. A lower view of the author's prototype
can be seen in the photograph given in Figure 3. It will be seen that only a
few printed conductors are present for the first oscillator stages and for the
IF preamplifier. The upper side of the PC -board ( Figure 2 ) is not etched; it
is only necessary for a small area around the holes to be removed so that the
components are not shorted to the ground surface. The ground connections of the
bypass capacitors, the cold ends of the inductances, striplines, trimmers and
the emitter of transistor T 4 are directly soldered to the copper surface on the
component side of the board ( Fig. 2 ). Figures 4 to 8 give the dimensions of
the individual parts of the converter including the striplines and trimmers.
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L 1 :

L 2:

L 5:
L 6:
L 7 :
L 8:

2 . 1. INDUCTANCES

19 turns o f 0.3 rn rn d ia . ( 29 AWG) e namelled c o ppe r wi re wo und on a
5 m rn coilfo r me r wi th core ( r ed)
5. 25 turn s of 1 m rn d ia. ( 18 AWG ) s ilve r -plated coppe r w i re wo und on
a coilfo r m e r an d core a s L 1

L 3, L 4 : 2. 5 tu r ns 01' 1 mrn dia . (1 8 AWG) silver -plated copper wire wo und
on a 4 rnrn fo rme r , s elf-suppo r ti ng
3 turn s , oth e rwi s e a s L 3
1 t u r n , oth e rwi s e a s L 3
Striplin e s ee F igure 6
28 mrn l e ngt h o f 1. 5 mm dia . (1 5 AWG ) silve r -plated co ppe r wi r e
spaced 3.5 m m from th e g r ou nd surfac e

L 9 , L 10 : Striplines s ee F igure 8
L 11: 4 turns of 1 mm dia. (18 AWG) s ilve r - plated coppe r wi re wo und on a

5 m m former, s elf- support in g
L 12: 3. 75 turns of 1 rn m dia. ( 18 AWG) s ilver - plat ed coppe r wi r e wound on

a 5 rnrn coilform er with c ore ( red)
L 1 3: 20 turns of 0.3 m m ( 29 AWG) enamelled copper wire wound on a ferrit e

pin of 3.5 x 13 rn m
L 14, L 16 - L 19: 20 turns of 0. 3 mrn dia. (29 AWG) wound on a ferrite pin

o f 2.5 x 12 mrn
L 15: 5 turns of 0.5 m rn di a, (24 AWG ) enamelled co ppe r wire wound on a

2.5 mrn former, s elf-supporting

3. ALIGNMENT

The alignment of oscillators and frequency multipliers has be en describe d s o
o ft e n in this magazine that this need n ot be described in de tail here . Ho wever,
a dip-mete r for f re quenc ies up t o 180 MH z and an abs orption wavem e ter up t o
2. 5 GH z (2) should be available. It i s important that all sta ge s are not connect 
e d to the operating voltage during th e alignment proc e ss but a re connecte d one
a fter the othe r (comm en cing a t the c rys t a l osc illato r ) dur in g t h e a lignm e nt
process. The alignm ent c a n be classe d as satis fa ctory wh en no j um ps o f th e
c u rrent flow or oscillator power are n oticed when va ry in g th e o pe r a t ing volt 
age in th e o r de r of 7 V to at lea s t 14 V.

...J....1,7.1,167

~ BFX 89

F ig.9 : Block diagram of the local oscillator showing the
frequency plan for an IF of 28 - 30 MHz

4 . INTERMEDIATE FREQUENCY OF 28 - 30 MHz

The local oscillator circuit used in the described converter has been construct
ed se veral times, also for an intermediate frequency of 28 to 30 MHz. In the
latter case, a crystal of 47.4167 MHz is used and the frequency plan is as
given in Figure 9. It is only necessary for the inductances to be altered; no
modifications to the transistor c omplement have be en made. Of c ou r s e , the
image fr equency is passed vi r t ua lly unattenuated when this low IF is used. For
this reason, the measured noise figure should be in creased by 3 dB when the
measurement is made without using a narrow bandpass filter. This means that
it is advisable for a preamplifier s t a ge and a selective intermediate c ircuit to
be used.
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In t hi s Edition of VH F CO MMU NIC AT IONS.

NOTES AND MODIFICATIONS

1. MINI -MOSFET CONV E RT E R DJ 5 XA 001

This c on ve r ter, wh ich was desc ribed in Edition 4/73 can be overloaded by
st r ong medium o r s hortwave transmitt ers. This i s be c au s e th e con verte r in
put ci rcu it is only by pa ssed fo r VHF fre quenc ie s ( C 3 : 1 nF) . The provis ion
of tw o ca pacito rs of 100 nF and 2. 2 f.jF respectively wi ll ens ure that no R F
volta ge s are p r e s ent acros s the ga te volta ge divider. The circu it of the inp ut
s tage of the conve r ter given below shows where th e s e capac it ors should be
c onnect ed.

OJ 5 XA 001 leG
1n

2. SSB EXCITER WITH RF -CLIPPER DK 1 OF 018

The chea pe r Schottki r ing mixer IE -500 is often us ed in th is modu le in stead
of th e SRA -I. The only differen ces betwe en the data of these two mixers are
that the lower fr equency limit of the IE -500 is 5 MH z c om pa re d wit h 0.5 MHz
with the SM-I. How ev er, it has be en found that co nnec tions 2, 7, 5 and 6
are grounded to the case although this is not gi ven in the data she ets of th is
mixer. When using the IE-500 in the c i rcu it designed fo r the SRA-l, th ese
in ternal connections will short out th e RF-voltages if th e c ol ou red feedthrough
is connected to F 181 a s described. It is therefore necessa r y to rotat e th e IE
500 through 180 0 so that the c olou r ed fe edthrough is now co nnec te d t o th e c om
ponent s 470 r2/33 pF.
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A N T E N N A NOTEBOOK

ANT ENNAS FOR MOBILE TELECOMMUNICATION S

by T. Bittan, DJ ~ BQ / G 3 JVQ

1. TY PES OF ANTENNAS USE D FOR MOBILE CO MM UNICA T IO NS
1. 1. VE RTICAL P OLA RIZA T IO N

Ve r t ica l po larization is th e m ost fa vou red pola rization for m o bil e t e l e c om m u 
ni cations. The main r ea s on s for this are t hat vertical antennas are nonobtrusi ve
a nd offer omnidirection al radiation. Sinc e most m obile communications a r e
made by reflection, and sinc e most of th e r efl ecting surfaces (lampposts, TV
m asts etc . ) are ve r t ic a l , t hi s pola r i za t ion does s e em to offer a number of
advantages over ho r i zont al polari zation .

The d isadvantage of vertica l po lariza t io n is main ly th e h igh e r atte nuation on
some paths such as in wood ed areas, fo rests, bui lt- up areas withou t s uitable
refle ctio ns , e tc . Another d isadvantage o f ve r t i cal po la rizat io n is th e large va 
ria t ion in signal s trength whilst in motion. T his i s due t o th e mult ipl e path
p r opa gation which ca u se t he tw o or more signal s t o a dd wh en in phase, and
c a nc e l another out wh en 18 00 out - of -phase. This c a n cause flu ctuation s of the
fie l d strength of more t han 70 dB.

1. 1. 1. VE R T ICALLY P O L A RI Z ED MOBILE A NT ENNAS

T he fi r s t fac t that m ust be considered i s t hat th e c ha r act e r i s tic s o f th e verti 
ca lly polarized mobile a nt e nna a re m ore important than its li s ted gain . In the
case of an om nidi rectional antenna , a n in c r ease in gain can only be ob ta ined
when t he beamwidth in t he oth er plane is de c r ea sed. This dec r ea s e in bea m 
width, howe ver, ca n m ean that far l e s s r efle c tin g bodies ca n be " illum in a t ed"
by t he mob ile antenna, and in stead of in creasin g signal s t ren gt h , a r eduction
ca n take pl a c e.

The gain figures listed by the manufactu re rs for mob ile a nt ennas a r e usually
referred t o a A/ 4 groundplan e . The s e va lues c an be mea sured u nder line -of 
sight c on dit ion s . This is, of c ou r s e , ha rdly ever the ca se in p ractice where
th e effecti ve a nt enna he ight · is l ow. Gain fi gu r es of 0 dB for a A/4 whip, 3 dB
for 5/ 8 A, 4 dB fo r a sta c ke d c ol in ea r of A/4 and 5/8 A, and 5 dB for a stacked
5/8 A c olinea r are r eas onabl e va lues that are obtained under line- of- sight con
d it ion s.

The ve r tica l beamwidths of various lengths of m obile whips a re gi ven in Figu
r e s 1 to 4 . It will be s e en that th e gain is not only a chieved by narrowing the
vertical bearnw idth, but by also lowering the angle of radiation. This i s , of
cou rse, an ad vantage when in flat c ount r y wh ere no obstructions are present
in th e signa l path. Wh en the ve hicle i s, how eve r, su r r ou nde d by high bu ildings ,
lamppost s , e tc , , o r in a va lley su r r ounded by hills or mountains , this de 
c r ease in beamwidth wi ll p r obabl y brin g more di sadvantages than advantages.

E xp e riments m ad e usin g t he va r ious types of ve r tica lly polari z ed antennas
s ho we d that althou gh the 5 / 8 A whip ant enna in the c entre of th e c a r roo f usual
ly r e p r esent ed t he best a ntenna fo r s tatio na ry o pe r a tio n , the a dvantages we r e
soon lost whilst in m otion. Si nc e th e 5/ 8 A Whip only "illumina t es" a smaller
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Fig. 1 - 4: Vertical radiation patterns of ve r tic a lly
polarized mobile antennas

area liable to r e fl ect th e s i gn al, the a mount of fa di ng i s far g reate r. Fading
swings of 70 dB at s pac in gs of ">.../4 are not un common un der refl ection c ond i 
tions. A ">.../4 wh ip a nte nna on the roof wa s measured to be 2 dB to 3 dB down
on a 5/8 ">... whi p a t the same pos it io n under line - of - sight c onditions. Unde r nor
mal c ondit io ns , the ">... /4 provi de d a fa r m ore c ons tant signa l strengt h a nd the
fad in g swin g was fa r l ow er. A ">... /4 whi p in th e cent re of th e r oof wa s always
s up e r i o r to a 5 / 8 ">... whi p m ou nt ed on th e fr ont or bac k w ing of th e c a r whilst
in motion, wh erea s th ey p r ovided vi r tu a lly the sam e s ignal s t r ength un der sta
tionary, line-of- sight cond itions .

The greatest advantage s of th e ">... /4 whip over the 5/8">... wh ip were whilst tra
vell in g at higher spe e ds. Measurem ents made at 120 km /h show ed tha t the ">.../4
whip provided a m ean signal s tren gt h of approximately 20 - 25 dB m ore than
the 5 /8">... whip. T h is was mainly due to the bending of th e latt e r in th e wind,
whic h tilts th e an gl e of r ad ia t ion up in the direction th e car i s t r a velling. The
">.../4 whip hardly a ffe cted by th e wind du e to the l owe r wind s u rfa c e an d lever
age.

Measu r em en ts m ade with va r io us antennas on th e front a nd r ea r w in gs of the
car ha ve s how n th a t t he 5 /8 ">... wh ip is far superior to th e ">.../4 wh ip du e to the
higher e ffec tive h e i ght of th e cu rrent lob e.
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1. 1. 2. CONCLUSION ON VERTICALLY POLARIZED ANTENNAS

A A/4 whip located in the c ent r e of the roof represents the best antenna when
operation is usually made during motion. If the operation is mainly whilst sta
tionary, the 5/8 A at the centre of the car roof is approximately 2 - 3 dB su
perior but it may be necessary to drive the car A/4 backwards or forwards
to find the best position. If it is not possible to drill a hole in the roof of the
car, consider using a magnetic mount antenna, or making a magnetic mount
from an old loudspeaker magnet.

If the antenna can only be mounted on the front or rear wing, then a 5/8 A
whip should always be used. Several countries such as West Germany have for
bidden the use of the stainless steel 5/8 A whips except on the car roof due to
the danger of injuring pedestrians whilst making fast turns. The flexibility of
these whips makes them also very unsuitable electrically. The stiffer glass
fiber types such as those manufactured by HMP ( Jaybeam ) and Kathrein were
the most satisfactory types.

1. 2. HORIZONTAL POLARIZATION

For mobile applications, fieldstrength of a horizontally polarized signal is u sual
ly far more constant than with vertical polarization. This is because the direct
wave is far less attenuated, and because less multiple reflections are present.
Furthermore, the horizontally polarized antennas usually take up far more space
in the horizontal plane than the very thin whip of a vertically polarized antenna.
This, in itself, tends to provide a small amount of diversity. In other words
the fading swing of a horizontally polarized signal is far less than that of a
vertically polarized signal, assuming; of course, that each is received using
an antenna matching the polarization of the signal to be received.

1. 2. 1. HORIZONTALLY POLARIZED MOBILE ANTENNAS

The main problem with horizontally polarized mobile antennas is to obtain a
really omnidirectional characteristic. The actual radiation characteristics do
not vary as much as with vertical whips as long as the antennas are at least
),/2 above the car roof.

The following types of horizontally polarized antennas are suitable for mobile
operation: Halo, crossed dipole, canted dipole, big wheeL Each has advantages
and disadvantages which are to be discussed.

1. 2. 1. 1. HALO

This is without doubt the most popular mobile antenna for horizontal polariza
tion. It is compact and not very obtrusive. However, its radiation pattern is
not truly omnidirectional as can be seen in Figure 5. A square halo seems to
provide a better omnidirectional characteristic since the bend is usually made
at the centre of the current lobe. A gamma match is usually used which pos
sesses an inherent relatively low bandwidth in the order of 600 kHz to 800 kHz
( This is the reason why most amateur antennas from the USA have such a li
mited bandwidth, Editors). The antenna possesses a gain in the order of -2
to -3 dB ( Square Halo ).

- 170 -



270r++--H-+-+-HO=;

80

q,-+-+-+-+-t+r+---I90

350

280

270 H++----t-I--++-t-::J~

260

250

80

3--+-+-+-++-1++---1 90

100

Fig.5: Horizontal radiation pattern
of a Halo antenna

Fig.6: Horizontal radiation pattern
of a crossed dipole

1. 2. 1. 2. CROSSED DIPOLE ( TURNSTYLE )

When feeding a crossed dipole in quadrature ( 90 0 phase shift) using a phas
ing cable as described for circular polarization (2) it is possible for an ex
tremely good omnidirectional characteristic to be obtained. Once again, a gain
of -2 to -3 dB is exhibited. Since this type of antenna is far more obtrusive
than the halo and does not offer any great advantages over it, crossed dipoles
tend to be used more as omnidirectional antenna for fixed station use than for
mobile applications. The radiation pattern is given in Figure 6.

1. 2. 1. 3. CANTED DIPOLE

The canted dipole was very popular in West Germany several years ago. This
was probably due to the fact that it was the only mobile antenna manufactured
for horizontal polarization that was manufactured in West Germany at that time.
Although the canted dipole does not exhibit the deep notches to the side encoun
tered with a straight dipole, it is still far from being omnidirectional as can
be seen in Figure 7. This is not always a disadvantage since the station to be
worked may be in that direction. However, an omnidirectional antenna is re
quired for the described application, which means that the canted dipole is less
suitable than the halo.

o

270I----+~F--_I_---l 90

180

Fig.7: Horizontal radiation pattern
of a canted dipole
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1.2.1.4. BIG WHEEL

This antenna was quite popular a few years ago and fantastic gain figures were
given for it. The antenna actually comprises three endfed dipoles. Due to its
omnidirectional characteristics and no beamwidth reduction in the vertical plane
it se em s impossible to the author that any gain can be exhibited since gain can
only be a chieved with a reduction in beamwidth in one of the planes. It will be
seen, however, that the big wheel is not truly omnidirectional, and it is there
fore possible that a slight gain is provided in the three major lobes, and a
slight loss in between. The author is to carry out experiments for a later
project in the near future and will establish the actual gain values.

Horizontal radiation pattern
of a Big Wheel antenna

Radiat ion
pattern

Antenna

1. 2. 2. CONCLUSION ON HORIZONTAL POLARIZATION

The halo antenna seems to offer the most favourable characteristics since very
few mobile operators would be willing to mount such large arrays as crossed
dipoles and big wheels on their vehicles as a permanent installation. The halo
antenna can be mounted on one half of a ski rack, or possibly with a small
mast and one or two loudspeaker magnets. If more gain is required, two or
more halos could be stacked one above the other.

2. FINAL CONCLUSION

It has been found that horizontal polarization provides a far more homogeneous
field for mobile communications than vertical polarization. Of course, it is not
possible to change the polarization of the transmitting station, and one cannot
expect all repeater stations, for instance, the change over to horizontal polari
zation.

There are three main factors affecting the propagation in mobile communica
tions. These are firstly polarization shifts occuring during the reflection pro
cess. Secondly fading due to in-phase and out-of-phase signals in the case of
multiple reflections ( usually repeating themselves every >C/4 ). The third main
factor is the sc reening effect.
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The second part of this article is to describe how a few mobile antennas were
designed to obtain the advantages of various types of mobile antennas without
suffering the disadvantages. This is based on over two years of experiments
and development. To be described are a circular-polarized omnidirectional mo
bile antenna, as well as an electronically switched directional array for mobile
use.

The first antenna provides a very homogeneous reception of both vertical and
horizontally polarized signals and virtually solves the first two main problems
of polarization shift and fading due to multiple renections. This is obtained
using the inherent diversity effect between the two basic parts of the antenna
( = >"/4 diversity).

The second antenna was developed whilst studying the diversity problem and is
based on phasing principles. Details are to be given how this can be used to
advantage for both mobile and fixed station applications.

3. REFERENCES

(1) Karl Rothammel: Antennenbuch
Fourth Edition 1973

(2) T. Bittan: Antenna Notebook: Further Details on Circular Polarization
VHF COMMUNICATIONS 7, Edition 1/1975, Pages 21-25.

14 ELEMENT PARABEAM YAGI

for 2 Meters PBM 14/2 m

Jaybeam Limited

Gain: 15.2 dB/Dipole
Length: 595 em (234")
Weight: 6.4 kg (14 lbs)
Hor. beamwidth (-3 dB: 240

)

Long-yagi antennas are well-known fortheir high
gain characteristics. However, this high perfor
mance is only provided over a relatively low
bandwidth when the antenna has been designed
for maximum gain. The Parabeam type of antenna
combines the high gain of a long-yagi antenna
with the inherently wider bandwidth of skeleton
slot fed arrays.

The actual Parabeam unit comprising a skeleton
slot and similar reflector radiates similar to
two stacked two-element yagi antennas and will
therefore provide 3 dB gain over a single dipole
and reflector configuration, and about 2 dB gain
over a conventionally fed Iong-yagi. Heavy duty
construction with special quality aluminium.
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PRELIMINARY EVALUATION OF THE TELEMETRY
FROM OSCAR 7

by R. Niefind, DK 2 ZF

The following article is to give details and explanations regarding the teleme
try data transmitted by OSCAR 7. Various little-known relationships are to be
described with the aid of diagrams which are based on approximately 20 000
measured values, or approximately 830 data per channel. This data was gather
ed in the period from 15 November 1974 to 8 December 1974 and from 17 De
cember 1974 until 15 January 1975. The second period of observation was
made on board a ship during the voyage between the Persian Gulf via Cape
Town to Europe. This allows several comparisons to be made.

The measured values mainly referred to the operation of the 2 m/ 10m trans
ponder. When the 70 cm/2 m transponder was in operation, this was usually
used for communication. In this case, only one line of data was recorded at
the beginning and end of the pass. This is, of course, too little for evalua
tion.

Orbit 452 was· observed together with DL 3 SK in Flensburg and DL 3 00 in
Lubeck, West Germany. At this time, the author was in the Indian Ocean at
a position of 9 0 north and 54 0 east. The observation at three different loca
tions allowed data to be received over a period of 35 minutes. Since consider
able data on this orbit is available, it is to be discussed in detail. Unfortuna
tely, such multiple observations could only be made from time to time.

Monitoring of the 10 m beacon was sometimes very difficult in Europe since
several stations carried out communication on the beacon frequency. In addi
tion to this, it was impossible to monitor the beacon of OSCAR 7 during Ja
nuary 1975, since the noise generated in the OSCAR 6 transponder was stronger
than the 29.502 MHz beacon.

1. EXPLANATION OF THE INDIVIDUAL TELEMETRY CHANNELS

Since detailed .data with nominal and typical values were given in the AMSAT
Newsletter of December, 1974, it is only necessary for the most important
details to be summarized. Figure 1 shows a block diagram of the transponder.

Channell A gives the data on the total current of the four surfaces of solar
cells. Current values in the order of max. 2.3 A (telemetry number 78) are
possible. Typical values should, however, be between 1 A (34) and 2 A (68).
The total area of solar cells allow a maximum of 14.7 W to be generated.

Channels 1 B to 2 A indicate the individual current values from the four sepa
rate surfaces. The following maximum current values were determined before
launching:

+X : 1445 rnA; -X: 1452 rnA; +Y: 1445 rnA; -Y: 1499 rnA.

The battery voltage is given in channel 3 A. OSCAR 7 is equipped with a nickel
cadmium accumulator comprising ten cells. Since this accumulator is nearly
always fully charged, the voltage is usually between 13 V and 15 V. In contrast
to OSCAR 6, OSCAR 7 possesses a positive energy balance, in other words,
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it produces more energy than is required. If the voltage should drop to below
12.1 V ( telemetry number 57 ) for any reason, the satellite will automatically
switch to mode D ( battery charge, no transponder in operation ).

Half the battery voltage is indicated in channel 3 B. The probe for this chan
nel is to be found above the fifth cell. This measured value allows information
to be gained whether all cells are charged homogeneously. The half of the bat
tery voltage should coincide as exactly as possible to half the total voltage. If
these values do not coincide, this will mean that one or more of the battery
cells will have changed their characteristics.

In the case of OSCAR 6, 18 individual cells were selected from approximately
100 cells whose nominal voltages at full charge did not differ more than 0.5 mV
(1). This was made in more than 2000 hours of experiments.

Channel 5 D refers to the power-switching regulators and voltage converters.

The satellite contains several modules that generate various supply and refer
ence voltages from the battery source. A number of important voltages and
currents are monitored. With the exception of the un stabilized 28 V voltage
that varies together with the battery voltage, all other voltages should be con
stant.

The voltage values of 9 V and 28 V are only available in mode A. In all other
modes, they are switched-off. The current of the switching regulator should
remain constant and indicate values in the order of 54 m.A, In modes Band
C, this value should be in the order of 27 m A,

Channel 3 C gives data on the battery charge regulator. A critical part of the
satellite is the battery charge regulator ( BCR). This regulator converts the
voltage of 6.4 V obtained from the solar cells to 14 V required for charging
battery. This voltage conversion must be made at high efficiency in order to
ensure the lowest heat dissipation. The battery charge regulator must also en
sure that the battery is not overcharged since this would heat up the battery.

Since this unit is so important for the operation of OSCAR 7, two such modules
are provided. If one of these circuits should fail, it would automatically switch
over to the second. Under normal conditions, battery charge regulator No. 1 is
usually in operation since only this module can be monitored by the CW tele
metry data. The second regulator can be switched on by ground control. The
following represent typical data of the battery charge regulator, and the asso
ciated telemetry number is given in brackets:

Regulator 1 in operation, battery is charging
Regulator 2 standby, battery is charging
Regulator 1 in operation, battery charged
Regulator 2 standby, battery charged

sunlight
6.4 V (43)
4.8 V (32)
8.5 V (57)
5.0 V (33)

shadow
2. 5 V (17)
4.5 V (30)
2.5 V (17)
4.5 V (30)

Channels 3 D, 4 A, 4 B, 4 C, 4 D and 5 A indicate various temperatures. All
thermistors on board OSCAR 7 measure the temperature in an inverted man
ner: A high telemetry number indicates a -Iow temperature and vice-versa.
When comparing the formula for determining the temperature, it will be seen
that there is a difference between the RTTY - and CW -telemetry. This is caused
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by a lower input impedance of the RTTY decoder than was calculated previous
ly and this was established only a few days before the launch. On the other
hand, the equations for the RTTY telemetry are now very exact so that the
tolerance is in the order of + O. 15 °C.

All temperatures in OSCAR 7 are lower than have been measured with pre
vious amateur radio satellites. The average values of the electronic circuitry
are in the order of normal ambient temperatures, whereas the battery is slight
ly warmer. The temperature fluctuations of the +X and + Z surfaces is sur
prisingly small. It was assumed that a greater dependence would be shown
according to the position of the sun. The power amplifier of the 70 cm/2 m
transponder is somewhat warmer than the surrounding modules when in opera
tion. The temperature of the output stage of the 10 m transmitter obtained
values of 51 °C.

Channels 2 B, 6 A, 6 B, 6 C indicate the output power levels. These channels
indicate the output power levels and are the most difficult to calibrate since
the measured value is dependent on the load impedance. Since it is virtually
impossible to determine the impedance of antennas in space, no great accuracy
was possible. It is only the output power indication of the 10 m transmitter that
can be classed as being accurate. These channels indicate mean output power
levels and not PEP values. The peak-power levels are always higher, and chan
nel 2 B will indicate that the 70 cm/2 m transponder is fully driven, or already
overloaded at a telemetry indication of 00 ( 8 W ).

2. FURTHER DETAILS REGARDING THE MEASURED VALUES
OF CHANNEL 1 A

Only the UHF beacon was in operation during the first two days after launch
ing, and both transponders were switched off. During this period, channel 1 A
( total current) virtually always gave an indication. After several days, how
ever, only the value "00" was shown and no special attention was paid to this
at that time.

The evaluation of approximately 500 data ( orbits 001 - 299 ) showed a depen
dance of channel 1 A on channel 3 A ( total battery voltage). Figure 2 shows
the data of the various orbits in the form of a diagram. The vertical axis
shows in how many cases an indication was made in channel 1 A at the given
battery voltage. It is given in percent. It will be clearly seen in the diagram
that at least in 50% of the observed cases that an indication of the total cur
rent took place at voltages of over 14.0 V. At voltages of less than 13.8 V,
however, it will be seen that channell A of the telemetry only brought an in
dication in three cases. The numbers given above the diagram show how often
the battery voltage was observed ( e. g. 14.9 V : 29 times ).

After observing this surprising fact, the dependence was checked during orbits
395 to 712. This shows clearly that the indication given in channell A is very
dependent on the battery voltage. Starting at 13.7 V, the indication is practi
cally always "00".

In addition to this, it will be seen that the battery voltage is usually higher.
The reason for this is probably that the observations were made during orbits
where the satellite was not above the horizon for European stations. Whilst
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sailing around the African continent, only three ZS6 -stations and one ZE7 -sta
tion were heard. The activity in this part of the world is therefore very low
which means that the satellite is operating under no-load conditions.

3. RELA TrONSHIP BETWEEN OUTPUT POWER OF THE TRANSPONDER
AND THE CURRENT SUPPLlED BY THE SOLAR CELLS

During the first days after launching when none of the transponders were in
operation, channell B to 2 A indicated either "00" or "99" when in the shadow
of the earth. After the transponders were switched into operation, numbers in
the order of 70 were indicated when orbiting the dark side of the earth. This
indicated that the indication was effected by the RF-power output of the trans
ponder.

The diagram given in Figure 3 possesses two curves: The upper curve shows
the average power provided by the solar cells. This value has been obtained
by adding the values given in channels 1 B to 2 A. The lower curve indicates
the output power of the 10m transponder. Only those orbits have been used in
this diagram where at least eight measured values per channel could be receiv
ed. Orbits 20 - 299 were observed in Europe, whereas the other orbits were
observed on board the ship.

Two relationships can also be seen in this diagram. It will be seen that the
solar cells produce power levels in the order of 10. to "1 W whilst passing
Europe. According to AMSAT -information, only 14.7 W could be generated and
the average value should even be less than this.

The higher power value indicated for these solar cells seems to be dependent
on the output power of the transponder. When not within the range of European
stations, considerably lower powers are indicated ( with one exception). Of
course, the output power is far lower when not in the range of European sta
tions and is usually in the order of 60 to 200 mW, and maximum 500 mW.

It is therefore assumed that a high output power level effects the indication of
the solar cell current. Up to approximately 500 mW power output, values are
indicated that coincide to the technical specifications. If the power output in
creases above this level, the current values of the solar cells do not seem to
be correct. This could be checked when switching off the receiver of the trans
ponder by ground control. In this case, the same characteristics would be pre
sent as when flying over the areas of the earth with low amateur activity. If
the current values of the solar cells then coincide to the specified values, this
would indicate that the above diagnosis is correct.

4. RELATIONSHIP BETWEEN TELEMETRY DATA
RECEIVED AT THREE DIFFERENT LOCATIONS

As has been previously mentioned, orbit 452 was observed at three different
locations. It will be clearly seen that the relationships in the satellite change
when it comes over the horizon for European stations, somewhat south of Cairo.

The· diagram given in Figu re 4 gives three cu rves: The emitter current of the
output transistor ( IEPA), the temperature of the power amplifier ( PA-temp. )
as well as the output power of the transponder ( Pout). The diagram clearly
shows the relationships between the increase of emitter current and resulting
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- 181 -

temperature increase on increasing the output power level. This behaviour could
also be observed with OSCAR 6.

The second diagram given in Figure 5 for this orbit also gives three curves
that run in an inverse manner. These are the values for the battery voltage,
half the battery voltage as well as the charge or discharge current. The battery
voltage starts off very high and drops as soon as it comes into the European
window. At the same time, the voltage indicated in telemetry channel 3 B also
drops. Since the satellite is still in the shadow of the earth at 18 : 10 UT, only
very little power is generated. The battery provides power from approximately
18.14 DT. This continues then until 18.30 DT. After this, the curve increases
rapidly since the battery charges for a short period of time. Finally, positive
and negative current values are indicated. It is assumed that the satellite has
left the night -side of the earth and that the solar cells will be in sunlight.

The third diagram of this orbit given in Figure 6 shows the curves for three
temperature values. There is very little difference in these values and little
information can be gained. The base-plate temperature increases at approxi
mately 18.20 DT from 17.5 °C to 25 0C. This happens at the same time as the
increase of output power in the transponder.

5. OBSERVING THE MOVEMENT OF THE SATELLITE IN SPACE

During orbit 608, it was observed whilst recording the telemetry data that one
of the solar cells possessed a regular maximum of current which repeated it
self at regular intervals. On evaluating this phenomena graphically, it could be
seen that OSCAR 7 was rotating around its own axis with great regularity. The
movement was such that the + Y -surface was firstly facing the sun followed by
the -X-surface, the +X-surface and finally the +Y-surface. The lowest curve
in Figure 7 shows the current values of the opposite surface, e. g. + Y to - Y,
+X to -X.

According to the expe rience of the author, this evaluation did not seem to be
possible if the output power of the transponder was low. If the output power
increases to values in excess of 500 mW, channels 1 B to 2 A will indicate
values that cannot be correct. This has been mentioned previously. This means
that if the rotation of the satellite in space is to be determined, attention should
be paid that the output power of the satellite is less than 500 mW; channel 6 A
should therefore indicate values of less than 28. Otherwise, it will be impos
sible to establish the position of the satellite with respect to the sun.

The diagram given in Figu re 8 shows the evaluation of orbit No. 171. The re
lationship between the currents of the solar cell su rfaces is also visible here.
It will be seen from the diagram that when the - Y and + X surfaces are facing
the sun, the +Y and - Y surfaces only produced a very low current. Further
more, it will be seen that only one of the X-surfaces can produce current,
either + X or - X, but not both at the same time. At very high output levels
from the transponder, it has been observed often that virtually equal currents
have been given for both the + X and - X surfaces. This is, however, physical
ly impossible.

AMSAT have planned the Wednesday for exper-imental use. No communication
over the satellite should be made on this day. This makes it ideally suitable
for making the given observations. Unfortunately, one always observes G, F,
and DL-stations communicating over the satellite on Wednesday.
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6. EQUATO RIA L F- P ROP AGAT ION

T his intere sting ph en omena wa s obse rve d by the a ut hor s i x times in co nj un ct io n
with t he 29.5 MH z be acon of OSCAR 7. The l ocation at wh ich th ese observa 
ti on s were made, were always in the vi cinity of th e equator, e. g. be tween
260 no rth and 180 sou th . It i s not known that th is type of propagation ha s been
ob s e rve d in E urope .

The sate llite path s by wh ic h this effec t has be en obse rve d ha ve been ma rked
on th e map gi ve n in F igure 9. A dot t ogether with a numeral ma rks the posi 
tion of observa t io n. The t im e of t h e e quator c r o s s ing was r e - calculated into
l oc al tim e s in ce a de viation o f on e or m ore hours i s p r e s en t from the uni versal
t im e , acco r ding to l ongitude . The portion of the s a tell ite pas s du rin g wh ic h
e qua to r ia l F-propagation t oo k plac e ( distorted signal), is marked wit h a thick
c onti nuous line . Thre e fact s a r e very inte r e s t ing:

This e ff ec t was only notic ed between 300 north and
30 0 s outh .

The tim e of th e e qua tor -c r o s s in g in th e c a se of these
passes was alway s betwe en 20.22 and 20.54 local time,
and is therefore always limited to a ve ry s ho r t period.

It wa s found that this time was always around two hours
after sunset .

Thi s e ffe c t c oul d only be observed by south-no rth passes, in other wo rds, in
th e evenin g. In the m orning, the beacon was always com pl e t e ly normal and of
good strength. During the even ing, the beacon signa l was always ext remely
weak during the whol e pass . The signal sounded as if two t ones of differen t
frequency were present whi ch indicates dual-path propagat ion. After the satel 
lite has left the z one of 300 north to 300 south, the signal strength in creased
and th e signal distortion disappeared.
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Similar distortion was observed in February 1974 in conjunction with the OSCAR
6 satellite. The observations were reported to DL 3 SK since the author assum
ed them to be caused by aurora. DL 3 SK was able to send back the data and
observations of February 1974 and they were compared with those of December
1974 and January 1975. We were then surprised to determine that the observa
tions made a year ago coincided well with the observations made at the present
location and time. DL 3 SK compared the observations with data of magnetic
instability. It was found that a geomagnetic instability appeared stronger than
was to be expected due to a repetitive interference. It was now necessary to
compare all observations with the data of the geometric instability in order to
see whether any relationships exist.

The author is to record further observations using a taperecorder at a speed
of 9.5 cmls in order to allow interested parties to evaluate the signal on a
spectrum analyzer.

It would also be interested to establish ove r which frequency range this can be
observed. Observation should be made in the 2 m band, and it would also be
favourable to transmit on the 70 ern band and to observe this signal with re
spect to distortion. Unfortunally, it is not permissible for amateur radio sta
tions to be operated from German merchant vessels, which means that the
author is only able to make passive observations.

7. EXPERIENCE GAINED WITH OSCAR 7
7. 1. 70 cm/2 m TRANSPONDER

The Doppler-effect was found to be far less troublesome than was expected.
It is only during the direct passes in the morning and evening where this effect
caused difficulties, and it was sometimes difficult to carry out a relatively
long QSO. One of the signals usually faded out so that it was no longer audible.
This was mainly caused at a fact that most of the ground stations used 70 cm
long yagi antennas with a very narrow vertical and horizontal beamwidth. This
meant that it was necessary for the antennas to track the satellite accurately
which was not always possible. The power required to work over the 70 em]
2 m transponder has been found to be in the order of 20 W.

Several days after launching, noise and bubbling sounds were observed from
the satellite which were assumed to be overload effects. However, shortly after
wards, it was found that this cannot be due to overload. After the satellite
came over the horizon on orbit No. 236, on December 4th, 1974, when the
satellite was above the northerh USSR, and no stations were working over the
transponder, it was established that the 145.973 MHz beacon was modulating
the whole transponder band. The noise in the required frequency band increased
in time with the CW -telemetry. Just after this, a CQ was made in CW with
the result that the CQ-call was to be heard over the whole transponder band.
The stations G 3 LQR and F 9 FT were observed over the satellite with at least
five spu riou s signals. The noise and bubbling effects disappeared completely
at 13.02 universal time and the stations working over the transponder could
only be heard on one discrete frequency.
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Several e xt r e m e ly loud signa l s ha ve be en ob s e rved from the USA. Stations
such as W ~ LER and W ~ PHD from Minnesota ha ve be en worked with 599 o r
56 over a distance of 7500 km . W 3 F J wrote on hi s QSL c a r d : " Karl Mein
ze r , DJ 4 Z C made a superb pe rforming tran sponder for OSCAR 7, cong r a ts
e s than ks from u s all" . This sums up everythin g.

7 . 2. 2 m/ l 0 m TRANSPONDER

In c ont r a s t to severa l ot he r r e po rts , the aut ho r ha s ne ver had diffic ulty in
workin g ove r this tran s ponder. Wh en usin g 10 W an d two 14-eleme nt cro ssed
y a gi ant ennas t ha t accu rately t r a ck the s atellit e, th e author's signal was hea rd
with 569 to 599 on a 3 - element y agi , MOSFET preamplifi e r and D rake R4B .
Unfo rtunately , hardly a ny QSOs r e sult e d s in c e it s e ems that mos t o f t he sta 
tions did not ha ve sat isfac tory a ntennas for th e 10 m ban d. Th i s m ean t that
th ey were not able to copy 559 signals . The AMSAT ha ve said a gain and a gain
that a transistor preamplifier s houl d alway s be used .

Us in g th e describ ed r ec eiving sy stem, the 29.50 2 MH z beacon was sometime s
h ea rd with 579 to 589.

7 . 3. THE 4 35. 1 MH z BEACO N

During th e first two da y s after launc hing wh en o nly thi s beaco n was in o pe r a 
t ion, it was possible to rec e ive it w it h a s e ven -turn helic a l antenna fo r ant i 
clockwis e c i r c ula r polariza t io n . The fi e l d stre ngth wa s betw e en 30 and 35 dB
abo ve nois e. The signal s t re ngth was approximately the sam e as th a t of the
OS CAR 6 beac on . Un fortunately, th e output powe r o f the beacon dropped to a
few mW o n November 28th , 1974 s o that it only c oul d be hea rd in th e noise .
Dur ing o r bit 198 on De cember l st, 1974 , the nominal ou t pu t power was again
pre sent and t he beac on coul d be heard at full s t ren gt h . After this, the bea 
con c on tin ued to tran smit with a fe w rn W,

Du e t o th e disappointin g r esult s u sing y a gis and a 48- elem ent c ol i nea r antenna
with OSCAR 6, it wa s decided t o use circular po la r izat ion with OS CAR 7. It
wa s n e ver possible t o r e c e i ve a s i gna l o f constant strength from OS CAR 6 in
o r de r t o r ec eive com plete s et s of t elem etry data.

By usin g c i rc u la r - polari zed a ntenna s , th e am ount of data received was in th e
order of 95 % to 98%, wh e r eas a maximum o f 70% of th e rad iated data could
be r e c ei ve d f r om OS CAR 6 u s ing linear pola ri z ed a nten na s .

In o r der t o allow com pa r isons between anti- clo ckwise and clockwise pol a r iza 
tion s , tw o he lical ante nn a s were const r uct e d and mou nted one be s id e th e other.
One antenna wa s design ed for cloc kw is e c i rc ula r polarization and th e oth e r for
anti- c lockw ise. A TR -44 r otat o r wa s used and t h e two antennas c oul d be tilted
ve r tic a lly up t o 80 0 • Us in g a coaxia l relay, eac h of the antennas cou ld be
s witch ed t o th e tran s mit t e r or rece ive r. Sinc e th e beac on s ignal rad ia te s an
anti -clockwise c ircular pola rizat ion, th e si gnal was s t r onge r with the anti 
clockwi se helical antenna as was to be e x pe c t e d. On switching betwe en th e tw o
antennas c on t inuou s ly eve ry fi ve s econd s, it was not iced that t he clockwise he
lical antenna wa s far m ore sensit ive to flu ctuations of signal strength. Some
times, th e signal was e qually strong on both antennas; a short time afterwa rds ,
th e signal on t h e anti- c l ockw ise helical antenna wa s stronger than on the c loc k 
wise helical. Sometim es, the signal was e xt r em ely stron g on the a nti -c loc kw ise
ant enna whe r ea s no s igna l wa s audible wh atsoever on the clockwis e a nt e nna .

- 186 -



The signal strength was recorded on a plotter during these experiments which
allowed them to be seen clearly. However, since the whole system was still
not calibrated, the first measurements were not recorded. Once a calibrated
plotter is available, extensive experiments will be made. Unfortunately, the
beacon is now no longer suitable for such experiments due to its loss of out
put power.

The author would like to underline that circular-polarized antennas are always
better than those with linear polarization. This is not a matter of gain, but
more a matter of reducing fading. Since the satellite is always within line-of
sight, the gain of an antenna is not so important as long as enough ERP is
available. In fact, crossed dipoles can be used to save tracking the satellite
with the antenna.

8. RTTY - TELEMETRY DATA

There were so many conflicting views on reception of the RTTY telemetry data.
The author, who had never had any experience with RTTY, was not able to re
ceive any data in this mode. After it was established a few days after launch
ing that the mark-signal was not to be radiated, no further experiments were
made since the available RTTY audio-converter was not suitable for this with
out modification.

In December and January, DK 4 LI was able to provide e xt vn s i ve data material
after modifying his RTTY converter.

Since considerable time is taken to evaluate the data with conventional means
( calculator, pencil and paper) only occasional checks have been made.

9. REFERENCES

(I) J. A. King: The Sixth Amateur Satellite - A Technical Report
QST, Volume 57 (1973) Edition 7, Pages 66-71

(2) J. A. Ratcliffe: Sonne, Erde, Radio
Die Erforschung der Iono sph ar'e , Page 212.

THIRD FRENCH EDITION OF VHF COMMUNICATIONS

Due to the great popularity of the f i r st and second French omnibus editions
we are now to publish a new third edition F Ill. This edition will be available
in April from our French representative:

Mlle. Christiane MICHEL - Les Pilles
F-891l7 PAR L Y (France)

Please inform your French speaking friends of these three French omnibus
sditions of VHF COMMUNICATIONS.
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MATERIAL PRICE LI ST OF EQUIPMENT

described in Edition 3/75 of VHF COMMUNIC ATIONS

OK I OF

OK 1 OF 020
PC- board
Minikit 1

Minikit 2

Kit

VHF- F M STERE O TU NER WITH SYNTHESIZER

VHF - MODULE
DK 1 OF 020 (with p r in te d plan) . . . . . . . . . . .. . . . . • . . . .
DK I OF 020 (3 transisto r s, 4 di ode s, 4 coilformers w/co re ,

I s pec ia l coil se t, 2 fer r it e chokes) .
DK I OF 020 ( 17 ce ram ic , 3 fe e dthrou gh capacitors ,

18 r e s is to r s ) .
DK I OF 020 com pl e te with above parts .

Ed. 2+3/75

Ed . 3 / 1975
DM 10 .--

DM 52. --

DM 17 .-
DM 78 . - -

OK I0F02 1

PC-board
Mi nikit I
Minikit 2
Crystal filt er set
Kit

IF- MO DULE

DK 1 OF 021
DK I OF 02 1
DK I O F 02 1
TQF- 2599
DK 1 OF 02 1

(with pri nt e d plan) .
(3 IC s , I tran sis tor , 1 diode, 5 coil s e t s) .
(22 capacitor s , 17 re s i s to r s ) .
(two filt ers) .
c ompl ete wit h above part s .

E d . 3 / 19 75

DM 10 . - 
DM 3 8 . 50
DM 20 .40
DM 70 .- 
DM 13 8 . - -

DK 1 OF 022

PC-board
Semicon duc to r s
Mini k it
Di gital swi tches
Kit

OK 1 OF 023
PC-boa r d
Semiconductors
Minikit
Kit

DK 1 OF 024
PC-boar d
Semiconduc to r s
Minikit
Kit

DK I OF - FM
DK 1 OF - FM

S Y N T H E S I ZER

DK I OF 022 (dou ble c oated , th rou gh-contact s )
DK 1 OF 02 2 (14 ICs , 8 t r a ns i s to r s , 10 diodes)
DK I OF 022 (4 3 capa c it o rs, 47 r e si s to r s )
DK I OF 022 (3 pes . i nv er ted BCD r ode wi t h acc , )
DK I OF 022 c omple te with above parts

Ace A MPLIFIER. SQU ELCH, T UNI NG INDICATOR
DK I OF 023 (w i t h p r inted pl an) . . • .. .. . •. •. . •.. . . .. .
DK I OF 02 3 (5 IC s , 4 t r a nsis to r s . 8 di o des) . . .•. .. .
DK I OF 023 (7 capac ito r s , 20 resistors, 4 t r im m er pot , )
DK I OF 023 complete wit h abov e parts .

S TE R EO DE CO D ER

DK 1 OF 024 (with print ed plan) . . . . . . . . . . • .. . .. . . . .•
DK 1 OF 024 (I IC , I LE D) .
DK I OF 024 (l potted core , 12 capac i tor s , 8 resisto r s ) . .. •
DK I OF 024 com pl e te with above parts .... ... •

ADDITIONAL PARTS F O R TUNER
(On e drill each: 0 . 7 mm , 1 m m , 1. 3 mrn ,
I m m dia , silve r pla t ed c opper wire,
0.3 mm enamelled copper wi re) . .... .. ...... .. • .....

Ed. 3 / 19 75

OM 2 9. -
DM 174. - 
DM 48 . - 
OM 72. - 
DM 348 . - -

E d . 3/1975
DM 9 . -
DM 54.50
DM 20 .50
DM 84.- -

Ed. 3/1 975
DM 6. - 
OM 35 . - 
DM 26 . 30
DM 73 . --

Ed . 3 / 19 75

DM 11. - -

COMPLETE KIT fo r STE REO TUN ER DK I OF 020 - 024 a nd FM .•.. . ... DM 72 1. -

P C-boar ds DK 1 OF 020 - 024 . . . . . • • • . . . . . . . . . . • . . O M 60. --

Verlag UKW·BERICHTE, H. Dohlus oHG
D-8521 RATHSBERG/ERLANGEN, Zum Aussichtsturm 17

West-Germany - Telephone (091 91) 91 57 or (091 33) 33 40
Bank ac count s : Ra iffe is en ban k Erlang en 22411. Postscheckkonto Nurnberq 3045!>-858
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CRY S TAL Sand CRY S TAL F I L T E R S
for equipment described in VHF COMMUNICATIONS

CR YST ALS and CR YST AL FILTERS

Cr ys t al filt er
Crystal filter
Crys tal filt er
Crys tal filt er
Crystal filt er
Crystal filter
Crystal filt er

Crystal
Crys tal
Crys tal

Crys tal
Crys tal
Cr ystal
Crystal
Crystal
Cr ystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crystal
Crystal

XF-9A (for SSB) with bo th s ideband crystals OM 110. --
XF-9B (for SSB) with both sideband crystals OM 148. --
XF-9C (for AM; 3. 75 kHz ) OM 150. --
XF-90 (for AM; 5. 00 kHz) OM 150.--
XF-9E (for FM; 12.00 kHz) OM 150. - -
XF-9M (tor CW; 0 .5 0 kHz ) with carrier c r ys t. OM 110. --
QF-9 FO as XF-9E but 15 kHz .. . . . . . . . . . OM 160.--

96.0000 MHz (HC- 6/U) for 70 em converters OM 26. - -
96.0000 MHz (HC -25/U) for 70 e m converters OM 34. --
95. 8333 MHz (HC-25/U) for 70 em converters OM 34. - -

78.8580 MHz for ATV TX (OJ 4 i.,B) OM 26.--
67 .333 3 MHz (HC - 6/ U) for 70 cm / 10 m conv ert . OM 22. --
66 . 5000 MHz (HC - 6: U) for synthes is VFO (OJ 5 HO) OM 22.--
65.7500 MHz (HC - 6/U) ) for TX + RX COIl- OM 22.--
65.5000 MHz (HC- 6/ U) ) ve r te r s 130 /1 30 ,5 / OM 22.--
65.2500 MHz (HC- 6/ U) ) 131 / 131,5 MHz OM 22.- -
65. 0000 MHz (HC - 6/ U) OM 22, --
64.3333 MHz (HC- 6/ U) for ATV converter(OJ5XA) OM 22.-
62. 0000 MHz (HC- 6/ U) for s ynthes is VFO(OJ5 HO) OM 22,--
57.6000 MHz (HC -25 / U) OM 33 . 50
57.6000 MHz (HC-6/U) OM 22.--
38.9000 MHz (HC - 6/ U) for OJ 4 LB 001 ATV -TX OM 25.--
38 . 6667 MHz (HC - 6/U) for 2-m-converters . . OM 17. --
I. 44 00 MHz (HC - 6/ U) for s ynt hes izer . . . . . OM 22.5 0

STANDARD FREQUENCY CRYSTALS

Cr ystal 1. 0000 MHz (XS 6002)
Crystal 1. 0000 MHz (XS 0605)

Crystal ove n XT-2 (12 V) 750C

Cer am ic filter 455 0 for FM IF-strip

Cryst al socket for HC- 6/U
Crystal s ocket for HC -25/ U
Crystal s ocket for HC -25/U

for 750 ovens

DC 6 HL 007

horizontal mounting
horizontal mounting
vertical mounting

OM 26.-
OM 50.- -

OM 82. - -

OM 70.--

OM 5.- 
OM 5. --
OM 1. 50

Crystal s 72 MHz (HC-25/U) OM 33. - -
Following frequencies avai lable as long as stock lasts :
72. 025 / 72.050 / 72. 075 / 72. 100 / 72 . 125 / 72. 150 / 72. 175 /
72 .200 / 72 .225 / 72.250 / 72.275 / 72.300 / 72.325 / 72.350 /
72.375 / 72. 400 /72 .425 / 72.450 /72 .475 / 72 .50Q MHz

Sideband crystal XF -901 8. 9985 MHz .
Sideb and crystal XF-902 9.0015 MHz .
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MICROWAVE MODULES LIMITED

MM C
1296

NEW READY-TO-OPERATE MODULES AVAILABLE IN
THE SALES PROGRAM OF VHF COMMUNICATIONS

1296 MHz CONVERTER
Microstripline, Sc hottky
diode mixer
IF : 28-30 MHz or 144-146 MHz
Noise figur e: typo 8. 5 dB
Overall gai n 25 dB

432 MHz CONVERTER
2 s ilico n preamplHier stages .
MOSFET mix er. All UHF circui ts
in microstrip technology.
Noise [igure: typo 3.8 dB
Overall gai n: typo 30 dB
IF: 28-30 MHz or 144-146 MHz
9--15 V / 30 mA

144 MHz MOSFET CONVERTER
Noise Iigure: typo 2. 8 dB
Overall gai n: typ o 30 dB
IF: 28-30 MHz , others on r equest.
9 - 15 V / 20 mA

VARACTOR TRIPLER 144/ 432 MHz
Max . input at 144 MHz : 20 W
(F M, CW ) - 10 W (AM).
Max. output at 432 MHz : 14 W

VARACTOR TRlPLER 432/1296 MHz
Max. input at 432 MHz : 24 W
(FM, CW) - 12 W (AM)
Max. output at 1296 MHz: 14 W

All modules are enclosed in black cast-aluminium cases of 13 ern by 6 ern
by 3 em and are fitted with BNC connectors. Input and output impedance
is 50 Ohms. Completely professional technol ogy, manufacture, and alignment.
Extremely suitable for op eration via OSCAR 7 or for normal VHF/UHF
communications.

Verlag UKW-BERICHTE, H. Dohlus oHG
0-8521 RATHSBERG/ER~ANGEN,Zum Aussichtsturm 17

West-Germany - Telephone (091 91) 91 57 for enquiries in English
Bank accounts: Deutsche Bank E rla~gen 76/40300. Postsc heck konto Niirnberg 30455-858



NEW

High-Performance VHF Equipment

2-m-SSB/FM-Transceiver SE 400 digital

Astounding that such a high-quality Braun product is available at such a fow
price.

There is no competition with respect to the sensitivity, cross modulation
rejection and selectivity of the Braun SE 400 digital. The required mode: CW,
USB, LSB, FM or FM-repeater is selected at the push of a button. Continuous
tuning from 144 MHz to 146 MHz. Digital frequency readout. Automatic fre
quency shift of 600 kHz in the FM-repeater mode. Automatic sideband rever
sal can be selected for satellite communications (OSCAR 7).

Fully solid state with silicon transistor complement. Output power 10 W.
12 V operating voltage, and built-in AC power supply.

Built-in loudspeaker, S meter, Wattmeter, receiver fine tuning (RIT), squelch,
and calling tone.

Write for full technical details

Karl Braun
Communications Equipment

D-85 Nurnberg
Deichslerstr. 13, W. Germany



mobile
antennas

Introducing the J-BEAM range of very high-quality mobile antennas for all
commercial frequencies and for the 2-m and 70-cm bands. Both stainless-steel
and glass-fibre types are available. Below a few examples from the wide range
of types from A/4 to stacked 5/8 A colinears for UHF.

Type TA Type TA-$ Type TA ..J Type U 3 Type U 4 'rype U 5

Model Type Frequency Gain Weight Features

TA 5/8 A 144-175 MHz 3 dB 275 g Glass-fibre whip
TA-S 5/8 A 144-175 MHz 3 dB 275 g Glass-fibre with 5 m cable
TA 4 1/4 A 144-175 MHz o dB 130 g Stainless steel (PH 17-7)

U 3 5/8 'A 400-470 MHz 3 dB 100 g Silver-plated, epoxy coated
U 4 Colinear 420-470 MHz 4 dB 150 g Stacked A/4 and 5/8 A
U 5 Colinear 420-470 MHz 5 dB 175 g Stacked 5/8 A and 5/8 A

Available via the representatives of VHF COMMUNICATIONS. Would professional
customers please contact the Antenna Dept of VHF COMMUNICATIONS direct.
Full catalogs of the wide range of professional antennas available on request.

Verlag UKW-BERICHTE, H. Dohlus oHG
0-8523 BAIERSOORF, JahnstraBe 14

West-Germany - Telephone (09191) 91 57 or (09133) 3340
Bank accounts, Baiffeisenbank Erlangen 22411, Postscheckkonto Nlirnberg 30455-858



SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

CRYSTAL FILTERS OSCILLATOR CRYSTALS

NEW STANDARD FILTERS

CW-FI LTER XE-9NB see table

SWITCHABLE SSB FILTERS
for a fixed carrier frequency of 9.000 MHz

XF-9B 01
8998.5 kHz for LSB

See XF-9B for all other specifications
The carrier crystal XF 900 is provided

XF-9802
9001.5 kHz for USB

Filter Type XF-9A XF-9B XF-9C XF-9D XF-9E XF-9NB

Application SSB SSB AM AM FM CW
Transmit

Number of crystals 5 8 8 8 8 8

3 dB bandwidth 2.4 kHz 2.3 kHz 3.6 kHz 4.8 kHz 11.5 kHz 0.4 kHz

6 dB bandwidth 2.5 kHz 2.4 kHz 3.75 kHz 5.0 kHz. 12.0 kHz 0.5 kHz

Ripple < 1 dB <2dB < 2dB < 2dB <2dB < 0.5dB

Insertion loss < 3dB < 3.5 dB < 3.5dB < 3.5dB < 3.5 dB < 6.5dB

Zt 500Q 500Q 500Q 500Q 1200 Q 500Q
Termination

Ct 30pF 30pF 30 pF 30pF 30pF 30pF

Shape factor
(6:50dB) 1.7 (6:60 dB) 1.8 (6:60 dB) 1.8 (6:60 dB) 1.8 (6:60 dB) 1.8 (6:60 dB) 2.2

(6:80dB) 2.2 (6:80 dB) 2.2 (6:80 dB) 2.2 (6:80 dB) 2.2 (6:80 dB) 4.0

Ultimate rejection >45dB > 100dB > 100dB > 100dB >90dB >90dB

XF-9A and XF-9B complete with XF 901, XF 902
XF-9NB complete with XF 903
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