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Jochen Jirmann, DB 1NV

A FM-Transceiver for 10 GHz
with dielelectrically-stabilized Oscillator

Transmit power:
Noise figure:

Frequency range:
Operating mode:

The GaAs-FET doubler module FO-OP1 2,
or FO-OP13 described in the previous edi
t ion of VHF COMMUNICATIONS (1) is espe
ciall y suitable for construct ion of a small
10 GHz transceiver for wideband FM. The
current drain of the d ielectrically-stabilized
oscillator is three to four ti mes less tha n
that of a Gunn oscillator wi th stra ight
through mi xer; this is a great advan tage fo r
portable operation ,

Table 1 gives the specifications of the trans
ceiver:

Microwave module: FD-DP12or
FO·DP13
10.25- 10-45 GHz
Wideband FM,
frequency shift
105 MHz or 30 MHz,
according to IF
4 - 5 rnW
Approx . 12- 15 dB
(comparable with a
Gunnplexer)

Operating voltage : 12 V /150 rnA

The dimensions of the compact, author's pro
totype(Figure 1) are 150 )( 120 x 55 mm; the
totatweight of 800 g also includes an accurnu
tater with a capacity of 225 mAh, which is sut n
clent for one hour's operation, without
external power sources.

2

The transceiver comprises the following
modules: A modified doubler module FO·
DP12KF, or FO-DP13KF, an IF/AF"module, the
voltage stabilizer for the FET--oscillator. and a
modulation amplifier complete with dot gene
rator.

1.
DO UB L ER MO DULE

As has already been described, the FET
oscillalor luned to 10,525 GHz is provided wilh
one or two mlxer diodes, which are used as
straight-Ihrough mixer. For amateur applica
tions, it is necessary fOf the frequency to be
pulled into the amateur band and for the fixed
tuning to be made variable. This is achievedby
mOdifying the module as follows:

The cover complete with the tuning screwcan
be removed after carefully bending up the
tabs. The ceramic laminate on which the
microwave circuit is built up shou ld not be tou
Ched! It is now possible lor the tuning screwto
be replaced by a miniature micrometer. or by a
M5-screw with a fine thread together with a
matching bushing.

Attenlion should be paid that no play is pre
sent; this is also valid when using a Gunn
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Fig . 1: Th~ 10 GHz FM",ransc~l~r d~S(: ribed by l hc au thor

oscilla tor, The cover then is replaced and
soldered around the edge with the aid of a
large soldering iron (Figure 2) . The tuning
can now be made with Ihe aid 01 an absorption
waverneter (Figure 3).

Finally,a l ip : Since FETsand mixer diodes are
very sensitive 10 static charge. it is impo rtant
that all connections 01 the module are con
nected to the case until they are installed into
place

2.
IF-AM PLIFIER

A large number 01 IF-circuits have been des
cribed for 10 GHz transceivers. These, now-

ever, have al l required addit ional modules
such as preampli fiers, squelches, AFC
modules, etc. The tF-circuit to be described
does not require any external modules, only
the external controls, and its dimensions are
very compact (72 mm x 145 mm), The module
can also be used as 144 MHz FM-receiver by
changing a few components.

The tF-module is designed for a frequency of
105 MHz, but can a lso be modified lor30 MHz.
However, in this case one must expect a 1 to
2 dB inferior system noise figure, since part 01
the noise sidebands of the microwave oscilla
tor will be converted back 10 IF-level. Conside
ring the large numbe r of 30 Muz-systems
operating in coruunction with Gunn oscil la
tors, it is surprising that this is not common
knowledge.

3
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Fig. 2: Voltage sta bililer tor the oscil lator, as we ll al>the modulato r are bu ilt up on Vero bo ards in t he
author ', prototype

Fig . 3: The calibrated scale 01the transceiver

4

2.1. Concept

The modu le operates at an intermediate Ire
quancy of 105 MH z, and can be tuned electro
nically by ±t MHz. The input is designed for
direct connection to a conventional mixer
diode (IF.impedance ap prox. 300 n j. The
noise figure of the IF-circuit is be tte r than 2 dB.
In order to increase the sensitivity of the recei
ver furth er, the IF·bandwidth was reduced to
100 kHz. and a lowp ass filter having a cutoff
frequency of 3 kHz, and a slope of t8 dB/
octave was provided in the audio amplifier.

The automatic fine tuning operates at the in
iermedeie frequency at 105MHz. This solves
a ll problems wnn respect 10 Ihe conlrol cnec
lion of lhe AFC, which is required when con
Irolling the microwaveoscmaior.
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The tuning range 01max. 1 MH z is sutncrent II
the miCrowave osc illators are relativt!ly stable.
The CircUit possesses a squek:h using lhe
ccrwe nncoat 8 kHz method. and is provided
with an eff icient A~plifier (Fig ure 4)

2.2 . Circuit Descripti on

The mixer diode 01 the microwave Circu it is
connected with the aid of a short piece of
coaxial cable (max. 10 cm) to the input 01(he
IF.ampli fier. The vari able network comprising
L 1 and the two trimmers eland C 2 trans
torms the impedance 01 the diode (appn»:;.
300 U) to the input impedance ot the preampli 
fier transistor T 1 (8FT 66). The real compo
nunt of the input impedance is approximately
80 n. A meier for mon itoring the diode current
can be connected to Pt 2. II this is not raquir
ed, Pt 2 should be grounded . The operating
po int 01the BFT 66 is stabilized wllh Ihe aid 01
a zener diode to Uet. .. 6 VII.;; .. 3 rnA.

The prearnpfrtrer is followed by a two-stage
bandpass fille r. The bandwidth 01the lil ler is in
the order of 2 MHz. and the coupling is slightly
overcritica l The subsequent mixer stage
equipped with a dualqate MQSFET BF 905
converts the 105 MHz :t 1 MHz-s~na l to the
second interrr.ed iate freq uency of 10.7 MHz.
The local osc illator equipped wit h a SF 199,
cscmates at 115.7 ± 1 MH z and is tuned with
the aid 01a varactor diode BB 505. A voltage 01
, to 8 V at Pt 3 is necessary to cover the who le
tuning range. VHF-p reamplil ier, mixer, and os
cillator are operated t-om a stabilized vollage
of 8 V from a 7B LOa Th is voltage is available
at pin 12 for further ap plicat ions (e.g . transmit
modulator).

Til e m ain selectivi ty 01the IF<ircuit is made in
the LC-fil ter fo llowing the mixer. This three
stage fi lte r is undercrltic ally co upled , and pos
sesses a bandwidth of approximately 100
kHz, which is Ihe ideal bandwidth for a wide
band FM -signal having a frequency deviation
0140 to 50 kHz , and a maximum modu lation
freq uen cy of:3 KHz. The PC-board is designed
so that a 10.7 MHz crystal l ilter (SUch as QF
10.7-30) ca n be installed instead of L 6 and
l 7. Th is al lows the mod ule to also be used tor
narfOW.band FM.systems, and as a FM·

6
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receiver for 144 MHz.

The matd1ing ampli'ler equ ipped with T 4
tSF 245) and T 51 8 F 199) amplifies the 10.7
MHz-level 10a Ievet Oo'ef thai 01 the wideband
noise generated in the FM-demodulator. An
integ rated circuit TDA 1047 is used for Ft.4
oe moo uraton. generatiOn 01 the con trol w it
age and tuning voltage.

The internal squel ch 01this integrated ci rcuit
is designed lor broadca st appl icahons and will
not open urml the signal is in excess 01 59
when receiving amateur transmesjons. For
this reason, il was switched oU by grounding
pin 13. Th e internal AFC·switching is also not
used (pin 2 remains disconnected). The
phase -shift c ircuit for the FM-demOdulator is
tuned with the aid of L 9. An s- meter with a
dynamic range 01SO dB can be connected to
Pt 4. The AFC-output of the TOA 1047, pin S. is
a push-pull current source, which can supply
or accept a maximum of 150 JtA. Thrs enoes
the AFC-circuit to be connected in paralle l
with !he normal tun ing \/Ol lage. As long as no
frequency shift is present, !he AFC-output will
"uoat'' together witll the tuning voltage. The
max imum hold range of the M C is determin
ed by the imp edance 01 the tuning voltage
source. In the eucuu used here, the AFC
current is fed via the ce nter-reroreter
(±50 pA) either to the tuning diode of the cscs
lator, or when the AFC is swilched off, to a von
age divider thai is provided to ensure the
correct operating poi nt for the center-zero
meter Since many 10 GHz-static)(ls onl y pos
sess one meter which is switmable to s-eerer
and center-zero indication, two antiphase dio
des are con nected between Pt 5 and Pt 6;
these secu re the AFC-currant path when the
center-zerorneter is switched off.

The demodulated signal from pin 7 01the TOA
1047 is passed through a Icwpass filter (cutoff
frequency • 12 kHz) lor suppression of any
residual IF, and is fed via a 33 kO resistor to the
active Af.fil ter, and via a highpass fi lter (cutoff
frequency '" 6 KHz) to the noise amplifier T 6,
whim is equipped with a BC 2':Il . Alter recnn
cation of the noise, the resul ting \/Ohage is fed
via a swit Ch ing tranSiStor (T 7) which controls
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the AF-swit ch T 8 (BC 237). The co upling from
the co llector of the switch ing trans istor to the
squelch potentiometer ge nerates the neces
sary hysteris fo r op timum switching characte
ristics.

The ope rational amp lifier 12 (LM 741). and the
Ar-power amplifier 1 3 (TOA 2002) for m a
Butterworth-Iowpass fi lter w ith a cutoff fre
quency of 3 kHz and a s lope of 18 dB/octave
wi th the aid of th eir associated components.
Any loudspeaker of at least 2 n impedance
can be conn ected to the ou tput.

L 5 - L 7: 20 turns of 0.25 mm dia.
enamelled cop per wire in a
spec ial co il set, 10x 10x15 mm ;
ye llow or blu e core

L 8 ' 20 turns + 6 tu rns, othe rwise
as L 5

L 9: 9 turns, other wise as L 5
RFC: 2 miniatu re chokes 1 pH

C 1: 30 pF plastic fo il trimmer,
7,5 mm ora. (Phi lips, red)

C 2: 90 pF plastic foil tr immer,
10 mm dia. (Philips , red)
Other capaci to rs: Ceramic
capacitors, min.5 mm spac ing.

Exceptions: 5 plastic fo il capacitors, 1 2 nF,
spacing 7.5 mm
1 plastic foil capaci tor of
0,15 /-IFand 0.33 ,uF resp..
spacing 7.5 mm.

Other bypass capacitors (22 nF, and 0 111 ):
Ce ram ic tubular or multilayer capacito rs.

Small electrolytics: Tantalum , or aluminium .
Loudspeaker coupling electro lyt ic and bypass
electrolytic for the ope ratin g voltage: A lum i
n ium electroly tics. for horizontal mounting ,
16 V, spacing 22.5 or 30 mm.

All res istors tor 10 mm spacing ,

2.5 Construc t ion and Alignment

The circuit is accommodated on a double
coate d PC-board (see Figu re 5) wh ose
dimensions are 70 mm x 144 mm . The PC
bo ard has been desig nated DB1NVOO1. It is
designed to be accommodated in a metal box
of 72x 145 x 25 mm . The upper sid e ott he PC
board is in the term of a grou nd surface, and
those components holes that are not ground
ed shou ld be dril led out in the convent ional
manner (Fig. 6), Attent ion should be paid to
the manufacturing tolera nces of the FETs T 4
(BF 245) during constructio n. A voltage of
approx imately 0.7 to 1.5 V must be presen t at
the emitter of the BF 199 (T 5), otherw ise it wi l l
be necessary to t ry another FET.

10-1 6 V
approx. 80 mA
2 MHz
approx 100 kHz
< 2 dB
rnax.b w

L 2 -L 4:

D 1:

L 1:

2.4. Components

T 1 BFT 66 (S iemens) possibly
BFT97
(pay attention to ease l)
BF 199, BF 241
BF 900 , BF 905 (Texas Instr.)
SF 245 A (Texas Instr., Siemens)
BC 237, BC 413, BC 560.
or sim ilar
ZPD 4. 7 or C4V7 or similar
zener d iode
BB 105, SS 505
1 N 4148 or similar
TDA t0 47 (S iemens)
741,OIP8
TOA 2002 (SGS, Telefunken)
LM 78 L08 (National),
possibly 7808
4,5 turns ot t mm dia. silver
plated copper wi re wound on a
5 mm former, self-supporting
4.5 turns of 0,5 mm dia.
enamelled copper w ire in a
special co il set, lOx 10 x 15 mm ;
ye llow core

D 2:
03 - D 6'
11:
12:
13
14

T 2, T5:
T3:
T 4:
T 6 . .T 8:

2.3. Measured Results

O perating voltage range :
Cu rrent drain :
VHF·bandw idth
IF-bandwidth:
No ise figu re:
Ar -outo ut:

7



·- - " Fig . 5 :
Compof>(!nl lo eill'QflI o n lhe
double-eoaled PCob08rd DBINV 001

Point marked _ are to be l oldenod
at bOlh s ides.

The Integrated AF-amplifier is very advant
ageous due 10 Its internal shortclrc uit , over
load, and over-iernpereture protect ion, as well
as due to the lo-v number of e..temal compo
nents required : however, it possesses large
manufacturing toleranc es with respect to its

•

quiescent current. One should select one
having the lowest currem drain. II the AF
amplilier oscillates, try and change the
BouCherol.Jink (3.3 Q/Q.15 JIF). The TOA2002
need not be provided with a heat sink. tor
normal output power levels
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Fig . 6:
Photograph of the comp leted module D81NV DOl
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The fOllowing are required for alignment: Mul
timeter, frequency meter, and a signal source
lor 105 MHz and 10.7 MHz.

Firstly check the voltage, direct ly after switch
ing on, at Pt 12 (+8 V), as well as at the em itter
of T 5 (+ 0.7 to 1.5V). and at the co llector of T 1
(+ 6V).

PI 4 is now connected to a suitable a -meter
(e.q. 100 JIA full scale), and a 10.7 MHz signal
is led to the gate of T 4. Inductances L 8 and
L 9 are now aligned for maximum s-meter
reading (tha demodulator circui t including L 9
has a greal enect on the S-meter).

The 10,7MHz·sign al is now fed to gate 10f T 3:
align l 5, l 6, and l 7 for maximu m reading,
A center-zero meter can now be connected
between point 5 and 7, and inductance l 9 is
aligned lor zero.

This is followed by aligning the oscil lator wi th
the aid 01 L 4 to a center Irequen cy 01
115,7 MHz. The tuning range should amount
to approxima tely 2 MHz when varying the volt
ageat Pt3 1rom 1 Vl0 8V.

The output 01 the 105 MHz signal source is
now connec ted to Ihe input via a resistor 01
270 n , The signal generator should be termi
nated With 68 n. Align L 2, L 3, C 1, and C 2 lor
maximum S-meter reading. The trimm ers C 1
and C 2 should be aligned rater for best signal
to-noise rauo 01 the 10 GHz signal. If a swept
frequency gene rator is available. it is possible
to SUbsequently align the filter comprising l 2/
L 3 to obtain a balanced passband curve.

No alignments are requir ed in conjunction
with the audio circuit, and it should operate
immediately. The completed board is shown in
Fig ure 7.

2.6 Modif ications

II module DB1NV 001 is to be used in conjunc
tion with a lower input frequency than 105
MHz. the capacitance range 01 trimmers C 1
and C 2 of the input filter Will not be large
enough. For this reason, space has been pro
vided lor connecting two parallel capacitors,

10
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DB1NV

j

Fig. 7:
Circu it mo difi ca tion when usi"'ll " crystal filter in
l he 10.7 MH2 IF. The l WO components marked w ith* are mounted on the lower siee ol l he board .

which are designated C, and C~ in the compo
nent location plan.

II a tendency to oscillation is notice d in the in
put stage. it is possible tor a capacitor (C, in
the component location plan) to be connected
from the collector 01 T 1 to ground. The re
quired value (a tew pF) should be lound
experimen tally.

It is also possible tor the IF-filler comprising
l 6 and l 7 to be replaced by a crystal filler
such astheOF 10.7- 30. when the modu le is to
be used as a narrow-band FM-receiver Some
slight mod ifications must be made to the
circuit:

The drain circuit of the mixer (L 5) transforms
the output impedance ot the OG-FET to the in
put impedance 01the crystal l ilter of approx.
2.2 kf.L The output 01 the crystal filter is also
term inated with 2.2 kill30 pF. If the passband
curve can be swept, a 30 pF trimmer should be
used instead of the filted 22 pF capacitor. and
aligned for minimum ripple in the passband
range Fig ure 8 shows the required modifica
tions when using a crystal filter.

When using the previously mentioned 30 kHz
crystal Ii Iter in the IF, it is possible for module
OB1NV001 to be used as miniature receiver
lor 145 MHz, if the input circuits are modili ed
to this frequency. li the audio output is to be in
creased when rece iving narrowband FM. the
demodu lator circuu ot the TOA 1047/1 9 can be
modified as descr ibed in (2).
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~ig . 8:
Block diagram of the
complete 10 GHz t ransceive r•
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3.
OT HER MODULES REQUIRED
FOR TRANSCEIVE O PER AT ION

3.1. Voltage Stabilizer for th e Osci ll ator

The FET-oscill ator does not place any great
dema nds on the supply voltage source. Any
control circuit can be used that can supply 6 V
at 50 mA The simpl est method is to use a
fixed voltage stabilizer 7806. or 78L06.

3.2 . Modulator

No reproducib le results are obtained when
mod ulating the frequency with the aid of the
operating voltage, as is often tne case with
Gun n osci llators. Furthermore, the AM
component is very high . A far better solution is
to modulate the externally impressed bias cur
rent lor the mixer diode (0.5- 1 mAl; in mrs
manner, it is poss ible to obtain a maximum fre
quency deviation Of 200 kHz with a negligible
AM <:omponent. Any aud io amp lifier can be
used as modulator, that can provide a voltage

of 1 Vrop into 200 Q The author used a simple,
two-staqe audio amplifier with diode clipper,
and a CMOS-oscill ator as keyed sinewave os
ci llator (dot generator).

It is also poss ible to use module DL6MHOO3.
The voltage stabi lizer provided on Ihis board
can be adjusled 10 6 V. and will provide me
suppty vollage lor Ihe FEr: Acapacitor of 0.22
JlF should be connected from pin 1 and pin 3
of the 7805 to ground in order to suppress any
tende ncy 10 oscillation of this integrated volt
age stabil izer.

4.
INT ERCO NNECTIO N
OF THE MODULES

The individual modul es are interconnected as
shown in Figure 9. Attenlion should be paid to
the following: The IF-cable from the micro
wave module to the rs-empuner should be kept
as short as possible (max. 5 em), otherw ise, it

11
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w ill not be pos sible to match it 10 the mixer
d iode Wh en using mod ule FO-DP12 KF, one
selects the diode th aI provid es the high est IF
level , and the other d iode is left open-ci rcu it. II
voltage pea ks appear at the out put of the AF
amp lif ie r on switching on and off , it is neces
sa ry to provide the protection diodes shown in
the circuit diaq ram These are provided to limit
the voltages appearing across the mixer d iode
to per missible value s.

After completing the construction, align the
FET-supply vo ltage to 6 V It is possible with
the aid of a weak 10 GH z signal fo r the mat
ching to the mixer diode to be opt imized. Alter
th is, the transcei ver is read y for operati on .

5.
REFERENCES

(1) JirmannlKrug:
The Dielectr ic Resonator;
A Miniatu re Component for Realizing
Stable Microwave Oscillator and Micro
wave Filters
V H F COM M U NICAT IONS 15,

Edition 4/ 1983, pages 194~ 20 1

(2) A. Meier, De 7 MA:
Qua drature Demodulators
VHF COM M U N ICAT IONS 11,

Edition 3/1979 , pages 170 - 173

A system for Reception and Display of Weather-Satellite
Images using a digital scan converter/storage module

Kit designation Art .N o. Price
OM

Sct of 12 scgments OW" 180.00
Riv eting machine + rivets 0105 93.00
1.7 GHz Cavity radiator kil ()()9 1 90.00
3 radiator supports 010G 29.00
Mast·mounting parts 0107 85.00

DJ 6PI 01O fi",fi", 225.00

411981 DJ 1JZ 003 67O'; 189.00
111982 DJ 1J Z 004 67 14 185.00

411979 DC3 NT 003 6141 225.00
111980 DC 3NT 004 6145 80. 00

411 982 YU3UMV 001
673fi 675 .00

111983 YU 3UMV002

211983 YU 3UMV003 6739 150.00

Parabolic antenna . 1.1m diamete r, 311979
12 segments to be srrewed or riveted toge ther,
3 plastic supports 10f rad i~ l()f

m~st- mounting part s With elevation T1lcclwn i~",

Digital scan co nve rter
(256 x 256 x 6 Bit)

PAL-Color mo dule With VHF ", [)d u l~tor

Descr ip tion Edition

Low_noise amplifier for 1.7 GH7 111980
(Orig ina lly dosc ribed tor u~" at 2.4 G1l7,
this un,t is tuned to 1.7 GHL)

METEOSAT Converter, consisting at
two mod ules - Output first IF ~ 137,5 MHz)

VHF Rec eivcr, tr cq ue ,, ~y rnnq" 136 - 138 MH7,
Output: 2400 HL sub-carrier

k IIWiiTtberichte Teny O. B;tt"C . J""",Ie. 14 . Po,""," 80 ' 0 -8523 Ba;"",rt
Te l. West Germa ny 91 3 3 -855 . For Representatives see cove r page 2
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Horst Burfeindt, DC 9XG

A SSB Transmit Mixer and Linear Amplifier
for 3456 MHz

A 9 cm tr ansmitter is to be described that
converts SSB-signa ls f rom 144 MHz to
3.456 GHz with the aid of a varactor mi xer.
This is fo ll owed by two, ident ica l amplifier
stages equipped with YO 1060-tubes, and
provides an outpu t powe r of 12 W.A version
of this transmit mixer is under test fo r th e 6
cm band, and w ill be publ ished later .

1.
VARAKTOR POWER MIXER
EQUIPPED WITH BXY 28

Th is transmit mixe r equ ipped wit h a varactor
dio de uses an interd igita l filt er principle and

exhibits a simple construction (see Figure 1),
and a relatively high output power.One co ven
lage over wide band hybrid mixers is the sup
press ion of the loca l oscillator and image
frequencies. The output power of the mixer is
suitable for portable operat ion .

The low-impedance matching or the diode
using a thick center finger is deci sive for obtai
ning a high eff ic iency. This finger is bypassed
for higher freque ncies using a mica disk , as
shown in Fig . 2 (approx. 70 pF). The match ing
at 145 MHz is made with the aid of a Pi-filter.
This filter is constructed on silver-plated brass
plate wh ich is screwed 10 the base plate of the
mixer case (see Figure 3).

The operating point adjustment of the varactor
diode is made with the aid of a 100-kO-

Fig. 1: Varaclor tra nsmi t mixer 144 MHz l3456 MHz using an int~rdig itat fit ter prtnc lpt e

13
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potentiometer,The required value depends on
the local oscillator and 145 MHz dr ive levels.

A 6 dB-alte nuator should always be provided
between the 2 m-transmitter and the mixer.
The input impeda nce of the varactor is very
complex at the RF-side, and is very dependent
on the dr ive levels.

1.1.Measured Values

The output power at 3456 MHz amounted 10
0.8W at a local osci llato r powerof 1.6W at 3312
MHz, The 3 w-o otput signa l from the 144MHz
transmitter was passed through a 6 dB·
attenuato r where it was reduced 10 approx.
08 W The suppression of the local oscillator
signal amounted to 18dB; the image frequen
cy has a rejection of 24 dB

Tuning screws:

Conn ectors:

Trimmers:

Induc tances:

Mica disk"

Insulated feed
through :

Diode:

M5 x 18 mm, li ne thread
(O.5 mm)
SMA-square flange
with PTFE collar
Milled air-spaced
trimmers
6 mmdia.; 4 turns; 1 mm
silver-plated copper wire
12.5 mm dia .
(insul ating disk for
power diodes)

Nylon or PTFE
4 0r 6.4 mm dia.
Varactor BXY 28
(Philips)

1.2 . Components

Side pieces:

Cover:

Pi-tilter plate:

Resonators :

Flat brass (mm):
20x5x 120
2 mm brass plate:
34 x 120
0,5 mm silver-plated
brass plate, 30 x 95
Round brass: 10 and
12 mm dia

2.
3456 MHz AMPLIFI ER EQUIPPED
WIT H YD 1060

The power amplifier /or 3456 MHz is built up in
a coaxial manner (see Fig ure 4). The anode
cavity operates in a A '/4 mode at this fre
quency and the cathode circuit is operated in
a A<'/4 mode.

Fig . 4:
3456 MHz-amptifier with
the input facing down ,
and the output (aemirig id
cable) faci ng up wards



Fig. 5: Coaxial amplil ier for 3456 MHzusing a VO1060

The anode and grid circui ts are arranged on
the same sid e (Fig ure 5) , which results in a
shorter constructional length. The tuning is
also carried out on this side, which means that
the lube can be easily excnanqeo .

The coaxial resonato rs are made from thin
brass tube. Bent cornact mater ial is used for
the contact between these resonators and the
grid and anode. The grid is grounded. A
home-made cathode capacitor is used lor DC
blocking .

The drive power is injected galvanically in the
vicimty ofthe tuning plunger. Tho output coup
ling is made inductively with the aid 01a loop in
meupper pari .

The large-signal gain of this amplifier is qrea
tet than 10 dB (!), and provides an output
power of 12 W. However. the anode current
amounts to 140 mA at an operating voltage of
400 V, which is no longer permissible accor
ding me speci fications of the manu facturer.

It thi s stage is used as power-mixer, one will
obtain an output power of approximate ly 1 W
at 3456 MHz with a local osc illator power of
400 mW al 3312 MHz.

'6
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2 .1. Detail ed Construction

The anode and cathode plungers (15)and (17),
as well as sealing rings (13) and (18) for the
anode and cathode cavit ies are all lathed
components. These. and other parts, are
given together with all dimensions in Figures
6 and 7.

Anode Cavity

The anode plate (1) and anode support plate
(2) were cut by the author from 2 mm thick
brass plate using a metal circular saw.

The support plate (2) has been countersunk 10
a depth ct t mm in order to acceplthe 30 mm
anode tube (4) to which it is centered.

10 mm flat brass of 35 x 35 mm is suitable for
the anode output coupling mount.

The brass block is drilled through using the
30 mm counte rsink and then cut in a suitab le
manner so that the two output coup ling
mounts result .

Belore soldering together, the anode support
plate (2). tne output coupling mount (12), and
the anode tube (4) should be cleaned with
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SItH'tI-wooI,Paris (12) and (4) are provided with
a Ihin solder coaling and with a M5-screw
which is pushed through the output coupling
hole. The three parts are soldered togelher
using soh solder and a gasburner.

AnodePlale

The anode pate (1) and the 4.5 mm high col lar
(la). as wel l as the bent cootaC1 maler~ are
SOldered togetoor with 1 mm colophonium sol 
der on tho plate 01an eiecmc oven.

A 4.5 mm length 01brass- moe is required lor
the collar (l a). The aUlhor used a piece of
30 mm anode tube material. A piece can be
cut out using wire cutle rs. This open ring is
then formed so that it fits into the 19.5 mm hole
The inside 01 the collar. which has been sol
dcrptated . and me contact should be provided
with solder lacquer. A detect ive tube. or an
eleclrolytic capacitor with a diame ter of
15 mm. can be used during the solder ing pro
cess to ensure a constant pressure.

VHF'-COMMUNICATIONS 11&4

Grid Tube

The manutactcre of me grid tube (5) and input
coupting mount( 24) is made In the same mao
ne r as the anod e cavity.

The brass blOCk ol 3Ox 18 x 8 mm required lor
the inpul couphng mount. is dr illed through
using a 17 mm countersink. and Ihen cut. The
gr id tebe and lhe bent contact strips are pro
vided With a thin Iayef of solOer and subse
quently sprayed with soldering lacquer, A
defective YO·tube or a piece ollubing can be
used during me soldering process 10 ensure
the correct pressure.

Cathode Tube

A 7 mm dri ll is placed in the longest 01 the
8 mm lubes (7) for orientating the 24 mm long
cathode lube (6). A snort piece 01 8 mm
tubing. which is placed In the catnooe connec
tion, ensures an exact l it. Tho overlap between
(6) and (7) amounts to 5 mm.

~
N
N

J

' '1 4

®

- - 16 - •

-®

.-- 12 ~

==---18 --1 1)( 9 XG

Fig . I : C.thOde <;onnedion . c:. ttIOde up.llc:i!Qf". and RF'-inpll1c:oupllng

18



VHF-<::OMMUNIC ATIONS 1;84

Cathode Capacitor

AD.t mm thid<copper loil(9) is cui as shown in
Figure 8 and is wound around the cathode
shaft of the tube. Several layers of Kapton-,
PTFE, or similar foil (8) are used as dielectric
(maybe even Sellotape would be suitable).

The outer diameter of this capacito r should
just fit into the 9 mm cathode tube (6). For
those readers that would like to exchange the
tube easily. it is advisable for them to glue the
copper foil, dielectric, and brass tube with a
small amount of dual-component glue.

camoc e Feed

A 0.5 mm PTFE insulated copper wire (23) is
used lor the cathode supply. This wire is
soldered to the 4 mm wide connection tab of
the copper ron.The tab is provided with a layer
of Sellotape on both sides for insulation.

Heater Voltage Contact

The 4 mm diameter brass piece (21) is cut in
the torm of a cross and pulled out slightly. Two
insulated plexiglas pieces center the heating
contact. A continuous lit can be guaranteed by

pouring in warmed dualcomponent glue be
tween the cathode tube and healer voltage
contact.

Anode and Cathode Plungers (15) and (17)

The plunger and contact material are provided
with a thin layer 01 solder.The external part of
the contact material is pressed on using
severatnrms of wire.

A short piece of grid or cathode tubular male
rial is used to ensure a good pressure at the in
ternal contacts. The tubes are increased on
one side by providing several layers of 5 mm
wide Sellotape. The film side then depresses
the contact material onto the inside 01 the
ph.mgers.One must payattention that the con
tact fingers are protected when soldering with
the aid 01 a gas-burner.

Allernatively. it is possible lor the cemooc
plunger (17)to also be made without using ex
pensi vecontact material (see Figure 6).Using
a lathe, the front side of the plunger is pro
vided with grooves on the inside and outside,
and these areuuec with si lver-plated stranded
wire (such as the screening 01 thin coaxial
cable).

Fig . 9:
Individual parts of the
3456 MHz amplilier alter
so lderi ng together
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RF-Input and Output Coupling

Semirigid cable of 3.6 mm in diameter equ ip
ped with SMA-connectors is required for the
input and output coupling (25) and (11). Drilled
spacer bushing s (10) are soldered to the cop
per material in order to ensu re that the cable is
not bent by the clamping screws. The 2 mm
wide output cou pling loop is made from
0.5 mm brass plate.

The ga lvanic RF-injection (25) 10 the cathode
tube (7) is in the form of a contact (bronze
plate).

Figures 9 and 10 show the completed parts
for one amplifier stage SOldered together. or
part ly mounted.

2.2. Alig nment

Cathode Circuit

The cathode cavity is al igned with Ihe aid 01a

VHF-COMMUNICATIONS 1/84

signal SQUfC§to 3456 MHz. The shortci rcuit
plunger should be aligned for maximum
cathode current. With some tubes , it was
necessa ry lor the inp ut coup ling to be made
capacitively. The bronze plate 01 the contact is
then used as one plate of the capacitor.

Anode Circuit

The inductive output coupling is very critical!
It is made by turn ing and inserting the coup
ling loop into the anode cavity. There is 8.

directiona l characteristic. The maximum au
put power should he determined by rotating
the loop by 180°.

2.3. Interconnecti on and Measured Vafues

The author 's 3456 MHz-transmitter (Fig ure
11) has three stages . The descr ibed varactor
transmit mixer operates in its low-power range

20

Fig.10:
3456 MHz-PA together
with YD 1060 ready for
assembly
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Fig, II : 3456 MHz_! .a nsmitler wi t h dr iwer (tr onl ) and PA (rear). The bias wolt;lge circuIt and lhoe Ian <;an be
K e n pa rt ly in the background

and supplies an ou tput power alSO mw that is
amplified In the driver equipped with YO 1060
to 800 mW The power ampl ifier staqe then
supplies an output power of 12 W when drive n
WIth 800 mW The qu iescent anode current of
bot h stages amounts to 20 mAo

The ope rating poi nt ecjustmen t is made with a
ci rcui t similar to that described by LA 8 AK in
(1). The anode voltage 01400 V is ele ctronical
ly stabil ized. The ga in is dependent on the
anode quie scent current. No advantages were
found on increasing the anode voltage further
to 450 or 500 V.

Allstages operate very stabily, and no tende n
cy to OSCi llation was found. The high output
power rem ains con stant during ass-opera
tion . The alignment and the coupling need not
be retuned .

2.4. Part s Required for the 3455 MHz PA
equipped with YO 1060

1) Anode plate: 2 mm brass, 38 K 38 mm ,
hole 19.5 mm eta

2) Anod e Supper! plate: 2 mm brass, 42 x
42 mm . hol e 18.5 mmora.

3) Anode capacitor: Diel ect ric: Mica,
PTFE , Kapton, or similar foi140 K 40 mm

4) Anod e tube: Brass, 30 mm die , 0.5 mm
th ick, 74 mm long

5) Grid tube: Brass 17 mm dia., 0.5 mm
th ick , 108 mm long

6) Cathode tub e: Part 1, brass, 9 mm dia .,
0.5 mm thi ck, 24 mm long

7) Cathode tube: Part 2, brass , Bmm dia.,
0.5 mm thick , 94 mm long

8) Cathode capacitor : Die lectric : Kapto n.
or possi bly Setlotape

9) Copper foil , 0 .1 mm thick

21



10) Drilled spacer bushing lor the RF-output
coupling , 6 mm ore. 10 mm long

11) 3.6 mm semirigi d cable with coupling
loop

12) Anode output coupling: Material: 10 mm
brass, 35 K35 mm

13) Anode cavity sealing ring : Material:
brass

14) Rounded Ma-bress nuts
15) Anode plunge r: Round brass,

29 mm cna.
16) 2 threaded bolts - M3 K60mm
17) Cathode plunger : Round brass,

16 mm dia.
18) Cathode cavity sealing ring
19) Brass nuts: M2
20) Threaded bolt: M2 K30 mm
21) Heater voltage contact: Round brass,

4 mm ota. , 105 mm long
22) Insulating tube (plexiglass), 7 mm dia.,

10 mm long

VHF..cO\llMUMCATIONS 1/84

23) Galvanic cathode connection: PTFE
insulated wire, 0,5 mm ere.

24) Cathode input coupling mount: Material:
8 mm brass. 30 K18 mm

25) RF.lnpul Coupling: 3.6 mm semirigid
cable, possibly provided with a drilled
out spacer bushing

Contact strips: Suitable contact strips for
the 2C39/YD range of tubes

3.
REFERENCES

(1) Jan M. Nadinq. LA8AK:
Bias Voltage Circuit lor Tubes of the
2C3913CX 100 Families
VHF COMMUNICATIONS 14,
Edition 311 982, pages 148 - 149

RECEIVER for 136-138 MHz
(Weath er-sate llite b and)

Th e rece iver described by Rudy Iellert .
OC3NT. in 4/1 979 and 1/1980 of VHF
COMMUNICATIONS is now available in
the form of reaov-to-oper ate modu les!

1. AF/IF modu le OC3NT 003:
comorete with special c rystal tuter,
demodulator and tiltering , Also
includes monito r ampli fier and sub
ca rrier output. OM 395.00

2. Oscill ato r module OC3NT 004 :
Enclosed in metal case Includes AFC
and scanning circuit. as well as a
3.5 MHz frequency shift c ircuit for
MET EOSAT cha nnels 1 and 2.

OM 168.00

3. VHFCOMM. 4f79 + 1/80 OM 9.00

k ~IOO?{berichte T."~ D. Bitt, n . J,hnst ' 14 . Pos""h 80 . 0·8523 B" . "do"
Tel westGermany 9133-855 For Representauves see cover page 2
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ErichStadler; DG7GK

Using Smith Diagrams

In RF-techno logy. o ne often displ ays real
and react ive impedances as a function of
frequency in the fo rm of a " focus". Figu re 1
shows a typica l example of this with an RF
t ransistor TOA 1087, and Figure 2 with a
HB 9CV-antenn a. This art ic le i s to descr ibe
how 10 read Smith d iagrams, and how to
use th em to advantage.

Every electronics tochmclun knows that a
se ries connection of real and reactive impe
dances can be sf-own graphically as two
arrows that are perpendicular to another
(Figure 3) . II this is to be displayt.'<! in a more
exact manner mathematically, these two vec
tors should be msened into a system of coordi
nares where the leal impedances arc inserted

",..' ,.. '

..
1° ·5 .'

S r r. R TF RE Q.. 13li1 "';HZ
Sl C· F-F P E O ,

' 6 0 MHZ

0

,-, 0

- j e

S' l

·) 0, 5 -p ,,,....
'.,,'..

l.;t <50 n
-j1 'e' '' ~.

'.....,-,. ..__.
Fag. I: Inputlmpedan ce of a TOA 1081 as locus

in a $ milh diagmm
Fig. 2: Impedan ce low s 01a HB9CV antenna

for Ihe 2 m ba nd
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Fi g. 3 : Rea l and reactive impedance

to the right, and the react ive impedances verti
cauv A vector pointing upwards (pos itive sign)
rep resents an " inductive reactive impe
dance", and a vector pointing downwards
(neg ative Sign) shows a "capac itive reactive
impedance" (Figure 4).

This impedance plane has the disadvantage
that it must be extended infin itely if it is to dis
play all poss ible impedance co nditions, such
as tne infinite impedance present under non
load conditions.

This problem can be sofvec by "bend ing" the
vertical coordi nates in the impedance plane
(Figure 5, left) to form circ les. Of course, the
vertical axis must form the oute r circle (Figu
re 5, ce nter); the reactive impedance values
+ DO and - DO are in the " finit e" then

This is where the outer circle (Fig ure 5, rig ht )
intersects the horizontal axis The ccnse
quence 01 th is is that the real-imp edance axis
is no longer linear ly scaled , Here, also the
impedanc e value "" comes into tinite values
and meets the other two infinite points at the
right.

The bending process also has an effect on the
horizontal coordinates wh ich are in the form of
sectors. With increasing inductive or capaci-

Reactive
impedance

Real and reacti ve impedances in a
coord inate syst em

R

Real

t:~!--;,--:__-+ impedan( e

.,
R ., ., .J .4. - , ,,

> ,
~ - 2 - Xc
8.
8 - 3

Fi g. 4:

- f--

,

" ,
,

u
l' ,

"
.' - - , -- --l,, ,

,- - J

s-,

'J ,

00- _1 ---------;',

--1- -

-'-'

Fi g. 5 : Tran sition f rom recta ng u lar co ord inate system to Sm ith d iagram
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"'
I
.~

h ,.---l·- .

Fig . 6&:
s.n.s connection of "'Ill an d reac:lm compo
1Mf'Il : Real compon.nt • 0.5;
rellCliYe componenl '" 1.G.
" +" means '· inductive".

Flg.6b:
Series con nec hon :
Aeal componen l '" 0.5:
, eac:llve compon enl = - I.
" - " mean s '·capac lllwt"'.

Fig . 6e:
Series connedion :
Real componen l = 1.0:
reaCliYeco mponent. +0.5

IW"' "•

."-

" . ' . Fig. 6d:
Series connec tion:
Real compo nent = 0.5:
rea ctive co mpo nent ", +2
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Fig . 7:
Rea l impedance " 20 [1 :

reactive impedance ", 40 Q
Stan dard ized: Real compone nt" 0.4 I

Rea ctive co mpo ne nt " 0,8 " '!:ts

\,

.>--~/ \,

,

!
~

1
\

- 1.0

Rea l co mponent " 0.2
Rea ctive component" 1.2
Real co mponent ", 10 n
Reactive component = 60 n

'~. \
'.\riL-,

,.5

nc. e.
'!!..6 is s tandard ized:

After
destandaedizatlon

")
I

- c~

II is advi sable to practis e by inserting the real
and reactive impeda nces in the left half of the
Sm ith diagram, belore attemplinq to ente r into
the area whe re the origina lly vertical coo rdina
tes transpose into the hori zontal and finally
reverse Ihe direct ion, or whe re the or igin ally
horizonl al coordina tes reverse thei r d irect ion .
Several points are given in Figure 6a to d (W 1 ,

""'b, "!'lJ and W~). The associated reactive and
real impedance comp onents must be taken
from Ihe bent coordina tes. '!l.4 has an extre
mely h igh reactiv e co mponent, which means
that this point has exceeded Ihe vertex otthe
circle. The insertion and extrac tion of data in
th is area is very co mplicated. In this range in
the vicinity of infinite valu es, the coo rdinates
are very close together. which mean s that only
a few can sti ll be inserted. Intermediate value s
mu st be read off or inserted by interpolation.

tive reactive impedanc e they beco me continu
ously shorter and are shifted more and more
to the infinite point. The whole rectangu lar
system of coordinates in the impedance plane
with its straight coo rdinates is th us trans
posed to a curved coo rdinate system that fills
the inside of a circ le. On ly the right angles
(intersections of original ly hori zontal and verti
ca l coordinates) remain intact dur ing the
"bending" process.

On studying Figu re 6a to d as well as 1 and 2,
one could assume that on ly impedances in
the order 01 0.1 n to approx imately 2 Q are
suitable for the diagram . This is. however, not
the case in practice , since only standard
values are inserted into the diagram. This
standard ization allows the same diag ram to
be used universally.

The standardization process is now to be
shown with the aid of an example : A series cir
cuit exh ibi ting a real impedance of 20 n and a
reactive imped ance of 40 Q is to be inserted
into the diag ram. II standardization were not
used, it would be necessa ry to insert the valu e
20 or 40 virtually at 00, whi ch would be useless
du e to the inaccuracies, Standa rdization on
the other han d means that it is necessary to
divide the given impedance values by a suit
ab le, so-called standardizing imped ance 2s:.
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nication technology. it is favorable 10 select
this impedance as standardizi nq impedance.
In Figure 1, an impedance z" = 50 n was
given by the manufacturer. This z" is the stan
dardizing impedance which we have desig 
nated Z"" in Ihis article. Fundamentally spea
king, it is always necessary to give the value of
the standardizing imped ance used when
displaying impedances in a Smith diagram!

Fina lly, a further example is to oemcn strate
once again the reading of Smith diagrams and
the de-standardiza tion process in conjunction
With me RF-transistor TDA 1087 (Figure 1),
This diagram is repeated in Figure 9 , The
qu esti on is: What is Ihe impedance (real and
reactive components) 01 the nan ststor at 50
MHz and 300 MHz?

So lution : The 50 MHz-point is to be found on
the locus at a real com ponent of "0.5", and a
react ive component of approximately "-2"
(the factor "l" only shows that it is a reactive
and not a real component). The minus-sign
means that il is a capacitive reactive com
ponent.

D~t~rmining tho input Impedance ola
trB naistor with respect to rea l and
reactive co mponent at 50 and 300 MHz

,7jO.5

Fig. 9:

In our case, we select a ZSl of 50 U. This
results in a standardized real component of
20 W5 0 Q '" 0.4; and a standardi zed reactive
component of 40 Qf50 n '" 0.8.

The standa rdized values 0.4 and 0.8 are inser
ted into the diagram (Fig ure 7), and it can be
seen that the resulting point W'5 is located
very lavourably_ln our example, 0.4 and 0.8are
numerical values representing the type of an
impedance. with I as unil.

It one reads such numerical values out of the
diagram, one must know the value of the stan
dardi zing impedance flpplied botore the entry
into the diagram. Another examp le : In Figu-'
re 8 one will see a point "!!..'6 which is 10 be
found on the real-impedance coo rdinate 0.2.
and on the react ive-imped ance coordinate
1,2. Since thc standardizing impedance ZSl =

50 U is marked on Ihe diagram , one knows
that these vaiues are casco on a standardized
impedance ot 50 Q . If one wishes to know the
actual impedance values. it is necessary to
"de-standardize" them,

This is carried out by multiplying them with
the standar dizing-impedance values: The
resul ting real-impedance value is

Z = 0.2 x 50 U '" 10 U .
and the actual reaclive-impedance is
X ", 1.2 x 50 H =- 600.

The values also recei ve their actual unit " U ".

In pri nciple, the selection of the standardizing"
impedance value can be made freely, howe
ver, in practice one is dealing with real and
reactive impedances that are to be matched to
a cer tain impedance, such as a source or load
impedance. Another application wou ld be 10
match the cnerectensuc impedance 01a trans
mit antenna 10 a certain impedance of Ihe fee
der cable. II one wishes to use the advantages
of the diagram - that is. reading out the value
01the return loss of the load or antenna impe
dance from the diagram, as a function of the
source or load impedance - it will be neces
sary to standardize the diagram to the impe
dance of the source, that is the source impe
dance or the imped ance 01the line, Since an
impedance of 50 Q is usually used in commu-
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':::H lP TF RE G
130 ['lHZ

S TOPFPEO
160 MHZ

Fig . 10:
tccus ot an
antenna
impedance:
Return loss circte
Ir l ;: 60%

.s

After de-standardi zing, the following results at
50 MHz : Heal impedance R = 0.5 x 50 0 =
250; reactive impedance Xc == - 2 x 50 0 ==
- 100 0 (" - " means "capacitive"). The
300 MHz-point is to be found on the locus at a
real component of "0.25 " (estim ated) and a
reactive com pone nt 01approx. " -0.3".

After de-standardization, this results at 300
MHz in the following '

Real impe dance R = 0.25 x 50 n = 12.5 Cl ;
reactive imp. Xc = - 0.3 x 50 n = - 15 n .

The advantage of the return loss diag ram is to
be shown fogethor with a HB9CV-antenna
The locus of Ihe impedance of th is antenna
(Figure 2) is repeated in Figu re 10. The dia
gram is standardized to 50 0 and the antenna
is to be connected to a feeder cable of also 50
0. , which means Ihat it is not necessary to re
standardize the locus , It is now possib le to
simply determine in wh ich range Ihe antenna
does nol excee d a certain return loss! How
ever, Ihi s req uires one more curve in addition
to the many other curves already exist ing in
the diag ram.

The return-loss limits are indicated by the
radial length of a circle whose center is the
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geom etric cente r 01the diagram, The radius
of the outer circle is used as a reference value,
since all impedance values on the outer circle
possess a return loss of 1000/0 with respect to
the standa rdiz ing impedance, If one wishes 10
mark the range in which the locus contains
impedances having a certain return loss with
respect 10 Ihe standardizing impedance of 50
n, for instance a return loss for 60%. it is only
necessary to form a circle around point 1 (cen
ter of the diagram) which has a radius of 60%
that of the outer circle,

All impedances that are to be found wit hin this
circle will have a return loss of less tha n 60%
with respect to the standardizing impedanc e,
and thus wif h respect to Ihe impedance of the
feeder cable It wi ll be seen that Ihe antenna is
matched to the cable with a return loss of less
than 60% in a frequency range of 141 MHz to
145 MHz. If the vo ltage stand ing wave rati o
VSWR is to be read off, th is is possible by rea
ding it out of the diagram between 1 and w at
Ihe intersection between the appropriate
return loss curve and the horizontal axis.

It wil l be seen that one is able to solve many
problems encountered with return loss. stan
ding wave ratio, and matching, without having
to carry out complex calculations,
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Editors

A 2400 Hz Generator for Synchronization
of the METEOR Satellites

The digi tal storage de scribed by YU 3 UMV
in (1) derives its syn chronization from the
2400 Hz subc arr ier which is provided by
the weather satell ites METE QSAT, GOES,
and NOAA. Th is is also supposed to be the
case with the Russi an METEO R weather
satelli tes, however, on ly o ne of the ir sate ll i
tes is now tran smitting wit h the standard
subcarr ie r fre quency of 2400 Hz. Th is is
the 240 lines/m in. sate ll ite operat in g on
137.1 20 MHz (orig inally 137.150 MHz) . Th e
su bcarriers of the ot her satell ites o perat
ing on 137.30 an d 137.85 MHz (120

lines/m in.) are using a subcarr ier of appro
ximate ly 2500 Hz, which means that they
ca nn ot be synchro ni zed correctly by the
YU 3UM V module and are displayed diago
nally across the screen . The following
art ic le is to describe an extern al synchroni
zati on source that can be added to the
vid eo storage module and connected to
th e synchro nizing input .

There are several ways of obtaining a fre
que ncy of 2400 Hz from a crystal-controlle d
frequency in the MHz-range by using digital
frequency dividers. Two such circuits are
shown in Figure 1-

DF9 RL uses two standard CMOS-Ies: I 1, a
4060 , comp rises an oscilla tor and a 512 divi
der, and 12 (4518) is a divider that can be pro
grammed by diodes. The latter is set for a divi
sion rat io 01 three so that an overall division
ratio of 1536 resul ts. A crys tal of 3686.40 kHz is
thus requ ired. This sma ll module can also be
used for other app lications by using other cry
stal frequencies and/or a di fferent pro gram-

Fig . 1:
Two simple circuits for generati ng
a crystat-contrclted frequency of
2400 Hz
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ming of I 2. The techn ical specifications ale:
Ope rating vol tage Ub - 5 to 15 V
Current drain 10 _ 1.5 rnA at 5 V
Crystal freq uency _ O utp ut frequency x 1536
Keying ratio ", 1:2
Crystal: Paralle l resonance with 30 pF load

DL3 WA uses an Ie th ai was used as drive Cir 

cu it in the OK 1OF 04410451req uency cou nter
(2). This c trcun comprises an oscilla tor and a
divrder of 2 12 (4096) . This circuit is very com 
pact and uses a mi nimum of components. The
requi red crystal operates at a frequency of
9830.40 kHz. Th e Ie has a number 01 ether
outputs that are nul reqcrred for our applica
tion . The tecn mcar specmc ations of the cncurt
described by DL3WA arc:

Operating vol tage U~ ... 5 V (max. 5.5 V!)
C urrent d ra in Ih _ 026 mA (typ.)
Crystal l req uency ... Output frequency x 4096
Keying ratio ", t : 1

Crysls!: P<:rallel resonance with 15 pF load

A small , smqle-cca ted PC-board 0155 mm x
45 mm was deSigned IOf eccommocannq the
universal cncun DF9RL 002 (Figure 2). No
PC-boa rd was dQSlgned lor the DL3WR·
circun. wh ich can be buil! up on a piece of
verotoard. as show n in Figu re 3.

Fig. 2: Single--coale-d PC-board DF9Rl 002

REFERENCES
(I) Matjaz Vidmar, YU3UMV:

A Digilal Siorage and Scan Convener
lor w eemer Seteune Images
VHF COMMUNICATIONS 14 (1982),
Ed ition 4, pages 194-208

(2) J. Kesller; DK10 F:
A Sell able Up-Down Frequency Counter
VHF CO MMUNICATIONS 13 (1981),
Ed ition 2, pages 63·94

Fig. 3: Twodifferftnl 2400 Hz eeurcee for $)'nehronlzln'il lhe YU3UNVvideo Sloragft lo, the reeepiion 01
METE OR _ atheof' n tfllil t"
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Dragoslav DobriCi6, YU 1AW

Determining the Parameters of a
Receive System in Conjunction with
Cosmic Radio Sources

,.

The editors would like to point out that the
article (1) written by Guenther Hoch,
OL6 WU, provides an excell ent basis for the
foll ow ing considerations. The fo llowing
article Is to desc ri be antenna noi se tempe 
rature and the "hot-cold noise 1igure mea
suring method", to discuss inaccuracies 01
sun-noise measurements , to int roduce
cosmic radio sources, and finally to de
scribe measuring methods with tne aid 01
these sources. The di agrams with mea
sured valuesof the stro ngest radi o so urces
at 144 MHz and 432 MHl: form valuabl e refe
rence information. A fu rth er diagram gives
the data for the wider f requency range of
30 MHz to over 10 GHl:,

t .
ANT ENNA NOISE TEMPERATURE

, Oneof the criteria 01a receive system is its ata
lily to receive very weak signals: its sensitivity.
The sensivity is determined by only lwo
tactors:

Antenna gain (G)
System noise temperature (Tsy;)

The system noise temperature comprises the
antenna noise temperature (Ta), the cable los
ses convened into noise temperature (Tcabl").
and the intrinsic noise of the receiver, or pre
amplil ier (T,x). The latter can be calculated
easily according 10equation 1Irom the known
noise ligure F:

r., '" (F - 1) x 290 K (Eq. l)

In this case, F is used as racror jnot in dB). The
equivalent antenna noise temperature
(antenna temperature) is the noise power
received by the antenna, convertedto the tem
perature of a resistor, whose value is equiva
lent to the radiation impedance of the
antenna.

All objects with a temperature higher man
absolute zero (OK). radiale electromaqoeuc
waves due 10 this temperature. Ttus radiation
is well knovm in physics and can beexpressed
mathematically as "black-body radiation"
according to Planck's law

The antenna temperature is mainly determin
ed by the noise temperature of objects within
its beamwidth II an object raotates noise due
to its intrinsic temperature of due to ether
noise-generating mechanisms, the antenna
will receive this noise and a certain noise
power will be present at its connections. Since
noise power and equivalent noise tempera
lure are dependent on another according to
Boltzman's constant. it is possible to express
the received noise power as in increase in
antenna noise temperature.

The antenna noi se temperature has very
little dependence on the physical tempera
ture of the antenna itself that can be mea
sured with the aid of a thermometer! The
higher the effic iency of the antenna, that is
the greater the rat io 01rad iation resistance
to loss resis tance, the less will be the
depe ndence,
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The received noise power, or the noise tempe
rat ure ott he antenna, does not only depend
on the tempe ratu re T ol the object , but also on
how much th is object is present in the antenna
diag ram. In order to calcu late this, it is neces
sary to ope rate with the space angles 01 the
object (H ), and the antenna diagram (0,,).
This is given in equation 2:

c
T. = - T (Eq, 2)

0 ,

11 11 is equal to 0 " , or is greater, thls will mean
that the antenna will only "see" the object
radiatinq with tempe rature 1; and the antenna
noise tempe rature will be equal to the tempe
rature 01 the object:

Ta '" T

However, all practical antennas have unwant
ed lobes and a nnne front-to -back ratio. II
these are not suppressed cons ide rably, the
antenna will receive additional noise power
with them. In the case of conventional anten
nas with beamwid ths of less than 250 in both
planes, a rule of thumb is given in (2) that
takes the effect o f unwanted side and back
lobes into considera tion:

T. .. 0,82 T""Y + 0.13 (1'''''v + T..) (Eq.3)

T 5~V: Mean value or the equivalent noise tem-
perature of space within the main beam .

1'$I<Y: Mean value of the equi valent noise tem
perature of space with in the side lobes.

T~ : Effective no ise temperatu re 01the earth
(290 K).

Equation 3 is only valid for antennas that are
lacing towards the sky: it then provides good
results.

2.
THE HOT-COLD METHOD

On e of the most accurate methods of deter
mining the noise temperature of a receiver is
the so-ca lled hot-cold method . This is ach iev
ed by connect ing a resistor to the input of me
receiver that has an identical value to Ihe
(transformed ) rad iation imped ance of the
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antenna (usually 50 0). and varying its tempe ,
rature over the widest possible ranqe. The
intr insic room temperature of 290 K is usua lly
used as " hot" temperature, and the "co ld"
temperature is that of liquid nitrogen (77 K),
into which the resistor is placed.

lithe noise power rat io Y that occurs between
these two temperatur es is measured at the
receiv er output. it is easily possible to calc u
late the equivalent noise temperature of tne
receiver in a very accurate manner:

y", Tn + T"
To + T"

(Eq.4)

Y '"' Noise power ratio
T" '"' " Hot" temperature
Tc '"' "Cold" tempe rature

The described hot-cold melhod can be varied
by changing the noise temperature of the
antenn a instead of the tempe rature of the con
nected resistor. This is achieved by pointing
the antenna towards the hot sun, and then to a
cold point In the sky. The tactcr Y at the recei·
ver output is measured tor these two posi
tions. II the antenna noise temperature Ta is
known lor these two positions, it is possible
togethe r with the antenna gain to calculate the
noise temperature of the receive system T"% ,
or vice versa . The prob lems involved herewith
are to be discussed in the lollowing sect ions.
This is desc ribed in detail in (1).

2.1. Ac curacy Problems in Conjunctio n
w ith Solar No ise Measu rem ents

If solar noise is to be used lo r measurem ents,
it it necessary to know the solar Ilux S 01 the
Sun This possesses large fluctuations in
dependence of solar activity (1).

On the other hand , the influence of the sky
around the sun that is stil l " seen" by the
antenna, is very low since sola r noise is so
high in comparison. 11 is only in December
and January when the sun is located in front 01
the galactic center that the noise rad iation
aroun d the sun can falsify the measurement.
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Fig _1: Nois e f lux S (x 10-26) of the strongest rad io sources (excl uding the sun) over the freq uency rang e
of 40 to 10000 MHz

Galactic radio sources on the other hand, pro
vide a very much lower, but considerab ly more
constant flux. This means that they can be
used instead of the sun to solve problems of
inaccuracy. However, their size is so minute in
comparison to the beamwidth of conventional
antennas, that they represent point sources.
The noise temperature of the sky around the
radio sources therefore allen has a cons ider-

able effect on the noise temperature of the
antenna. In order to avoid considerable
measuring errors, it is necessary to con
sider the sky noise around the radio
source. Thi s is th e reason why one will
obtain such inaccurate - or even false 
results when the sol ar noi se measuring
method is used unchanged with othe r
cosmic noise sources!
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3.
GALACT IC RADIO SOURCES

We know the galaxy to which OlJr solar system
belongs as " M ilky Way". II co mprises an
immense numbe r 0 1 stars. and neY\' stars
appear and old stars disappear all tho time.
These processes are especially l requent in
the ce ntral regions of the approximately lens
shaped Milky way and 101" th is reason a relati
velyvery strong noise arr ives at the ea rth Irom
this direct ion that covers virtually Ihe whole
radio spectrum. In add ition to Ihis dutuse
recetc n. Ihere are cescrote sources, so
ca lled radIOstars, with very strong radio radia
lion Tho shongest are Cassiopeia-A and
Taurus-A These two radio sou rces are the
remains 0/ Supernova explosions. When
viewed Ihrough an ocnceueiesccce. they are
seen as foggy areas, and are therc jore called
"Nebutars';

There IS an infin ite number 0 1 other galaxies
outside our Mllky Way, in which enormous pro
cesses arc taking p lace, and tner ejore nans
m it considerable radiation These are know n
as " Radio-Galaxies" and the stronqest in the
northern hemisphere are Cygnus-A und
VrrgcM.

A very stron g radio source is located In the
core of the Mllky WJoI: It IS Sagi llarius-A. and is
possib ly the active core of our galaxy

Figu re 1 shows the noise flux S 01 the pre
viously mentioned , strong rildio sources as a
function 0 1 the frequency, The curve shows
the astropnvstafa ts that Ihe nature of Ihe radia
tion is not thermal, but is dependent on syn
chrotron processes (spira l·shaped move
monts 0 1very fast erectrons in suonq magn e
tic field s),

4.
SKY TEMPERATURE AROUND THE
RADIO SOURCES

As was previously mento ned . the accuracy of
the hot-cold method using cosmic radio sour

3.
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ces is dependent on the exact knowledge 01
the mean noise temperature around these
radio sources , For this reason, noise power
profiles were measured around all the pre '
viously ment ioned strong radio sources. and a
svstemeuccatcurauon of the mean values was
made.

During this process. 'toe soon found Ihat the
beamwidth of the main lobe mltSl be taken into
consideration, since a cmeren t temperature
mea n value will resenfor eacn beamwiftth duo
to the r on-constant crsmcunon of the tempe
rature around the sources.

There fore. the sky temperalure wasdelermln
ed as a funct ion of the antenna beamwl(lth . in
steps 0/ 1 dB antenna gain. In the case at the
144 MHz amateur band, a bearnwidth ranged
25" to 10" was selected whictl cor responds 10
gain values of 1B to 26 dB,. Measured values
of the sky temperature were available lo r
136 MHz and 160 MHz. They were irnerpotal
eo to obtain values lor 144 MHz.

We then noticed that smal l sky areas. spaced
several 10 degrees, are present in the vicin ity
of the raco sources Cassiopeia aed Cygnus.
and partly also nea r Taurus. that have a higher
temperature than the direct vicinity of these
sou rces. If one points his antenna simply to
the highest noise amplitude. one will obta in
false results since one will then be poin ting to
a position somewhere between the redo
sou rce and the " hal" part of the sky. Logically,
antennas 0 1diflering gain (beamwidth) will be
pointing 10 shghlly differenl di rections when
aligned for maxim um noise level. We have
ag reed 10 accept this directiona l error

Alter taking all these things into coostoeea
tio n, very accurate data was obtained for ttre
mean Sky temperature around the previously
mentioned radio sources, and for the various
beamwidths of the antennas. The diag ram for
Toky at 144 MHz is given in Figure 2. In order
10 make the diagram more usable, the anten
nas ga in in dB, (isotropic radiator) is also
given .
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With the aid of the Tailor-equat ion (Eq. 3) we
determ ined the temperature of a directional
antenna (Tacs), pointing towards this pos ition,
from the temperature of the cold sky (Tool · In
this case, the mean value of the noise tempe
rature of the visible half of the sky T' S!lv is 400
K at 144 MHz, and 40 K at432 MHz. A value of
290 K is assum ed for Te. It is interesting to
find that the values of Taes obtained using the
Tailor-equation virtually co inc ide with the
values obtained from practical measure
ments.

The knowledge of the temperature of the
"cold" points in the sky are just as important
as the temperature of the sky around (he radio
sou rces Careful interpolations had been car
ried out for this , especial ly for two different
"cold" areas of the sky:
In constellat ion Leo (u = 09:30; ,I = 40" ) and
in constellatio n Aquar ius (u = 22 :30; II = 0" )

The cold est point s in these areas have tempe
ratures of 195 K, or 275 K at 144 MHz, Mean
temperature values as a function of the
various antenna bea mwidths were found for
both "cold" areas, In the case of -132 MHz, the
diffe rence between leo and Aquarius is only
5 K. which means that both areas can be
classed as being equally cold, namely 20 K.

5.
DETERMINING THE TEMPERATURE
OF THE " COLD" SKY

The same process was also made lor the
70 em band, only that the beamwidths were in
the order ct 10° to 5°, co rresponding to a gain
of 26 to 32 dB,. The interpolation for 432 MHz
is based on measured values for 400 and
480 MHz. The results are shown in Figure 3.
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Mean sky temperatur e T'I<Iaroun d
ji ve radio sources at 432 MHz
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6.
TE MPERATURE CALCULATI ON FOR
AN ANTENNA POI NTING TO A RADIO
SOURCE

Based on the TlIl<:y-data, it is possib le using
equation a te obtain Ta',kY ' which is the tempe
rature of an antenna that is pointed to the sky
around a radio source but without the radio
source itself. In order 10 obta in the total
antenna temperatu re Ta wi th rad io source, it
is necessary to add Ta" y and the temperature

VHF-CQMMUNICATIONS 1164

increase caused by the radio source.

The intensity of a rad io source, lhat is its nux.
is determined from the equivalent noise tem
perature T of Ihe source, its spatial angle 0,,;,
and tho wavelength 01the radiation:

S '" (2kH l s)/A. ? in Wfm2Hz (Eq , 5)

The flux dens ity-values (5) of certa in rad io
sources were measured at various frequen
cies Figure 1 is the result at these values.

The noise power that an antenna receives
from a radio source is 10 be designated P"",

G(dB) 18 19 20 21 22 23 24 25 2. - -
CASSIOPEIA·A

Td.(K) 87 109 138 173 218 275 34B 435 550
Ta..y 68 '1 695 705 713 717 721 725 726 730
T.l.y 725 736 750 760 765 770 775 776 780
T" 771 804 843 686 935 996 1071 1163 1280.

CYGNUS-A

T.. B4 106 134 159 211 266 336 423 536
T", .y 852 873 889 895 902 906 908 910 910
T,.I< , 930 955 975 982 990 995 998 1000 1000
2· 936 979 1023 1064 1113 1174 t244 1333 1446

SAGITTAAIUS·A
T,. 28 35 45 56 70 69 112 141 178
T_ , 2238 2296 2349 2381 2418 2443 2_ 2476 2492
T. , 2620 2690 2755 2795 2840 2870 2690 29 10 2930
T. 2266 2331 2394 2437 2486 2532 2572 2617 2670

TAURUS-A

T.. 12 15 18 23 29 37 47 59 74
T....y 571 578 582 586 588 590 594 597 598
T_, 587 597 600 605 607 610 615 618 620
T. 583 593 600 609 617 627 641 656 672

VlnGO·A

T.. 9 12 15 19 23 30 37 47 59
T3• •) 329 326 324 321 319 317 316 315 315
T" , 292 288 285 282 279 277 276 275 275
T. 338 338 339 340 342 347 353 362 374

COLD SKY (LEO)

T,. 266 263 260 257 255 253 251 250 250

COLO SKY (AQUARIUS)

T= 331 328 325 322 320 318 316 315 315

Table 1: The temperatures of five radio sources and two "co ld " points at 144 MHz
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and is dependent on the flux density S of the
source, as well as on the effective aperture of
the antenna A. Furthermore, it is necessary
for a factor 1/2 to be inserted, since most
antennas only receive a certain polarizatio n,
whereas cosmic radio sources usually radiate
unpolarized waves.

n is now possible for us to make a formula lor
Tas,which is the increase of the antenna tem
perature due to the reception of noise power
from a radio source:

Pd, =kxT",

T _~"S A e
as - k uo

s x G X A~

Tag = 8 kn (Eq. 6)

26
97
66

123

33
98
67

13 1

CASSIOPEIA-A

41 52 65
98 99 99
67 6S 6S

139 151 164

82
100
69

182

103
100
69

203

130
100
70

230

SAGITTAI1IUS-A

20 25 32
235 237 238
234 236 238
255 262 270

25
104

"129

13
232
230
245

32
104

"136

16
233
232
249

40
104

"144

50
104

74
154

64
104
74

168

80
105

75
185

"239
239
279

101
105

"206

50
240
240
290

127
105

75
232

64
241
241
305

7
70
33
77

3
60
20
63

8
71
34
79

4
60
20
64

TAURUS-A

10 13 17
72 73 73
35 36 37
82 86 90

,
VIRGO-A

4 5 7
60 60 60
20 20 20
64 65 67

COLD SKY

T>." = 60

21
74
38
95

9
60
20
69

26
75
39

101

11
60
20
71

33
76
40

109

14
60
20
74

Table 2: The tempe rat ures of five radio sources and the co ld sky at 432 MHz
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Since the noise powers are add ed in the
an tenna, and after taking into consi deration
tha t the no ise power d ivided by the eonamen
co nstant resu lts in the eq uiva lent noise tem
pe rature, a s imple addition 01 T",ky and Tas
will result in Tw This is the tem perature of an
antenna point ing towa rds a cosm ic rad io
source toge the r w ith the "hot" sky around it ,
and includ ing a point ing error (see section 4),
as well as considering th e effect of sfoeiobes
lacing towards the "warm " earth, and to the
side. All these components we re determined
as a function of tile bea mwi dth of the ma in
lobe of the antenna. The results are g iven for
each radio sou rce separately in the tables.
Tab le 1 shows the tempera ture values for
144 MHz, and Table 2 the same for 432 MHL

The flux density values lor all sou rces were
obta ined by arranging the measuring results
g iven in the reterences. The va lues for Cassio
peia-A were obta ined from the values from
previous years calculated toqe thur wit h the
known reduction rate for 1982 . Th is red uction
of the flux dens ity of Cass iopeia-A is caused
by the rap id expansion, and thus coo ling of
th is residua l part or a Super-Nova of app roxi
matel y 400 years ago (Table 3).

Si nce the accuracy o f the who le meth od is
depend ent on exact flux density va lues, these
m ust be checked in several ways For
instance, the val ues for 144 MHz were obta in
ed from measu red values fo r 136 and 160 MHz
by interpo lation , however, this was not made in
a linear manner, but after taking the spectra l
d isl ribut ion of the rad io source in question into
coneo ereuon.

VHF-COMMUNICATIONS 1/84

7.
USING THE TABULAR VALUES

Wit h the aid of the hot/cold method , it is cossr
ble to ca lculate the noise temperature of a
receiver T" very exactly, if one uses t he Ta of
a certain radi o source as hot, and Tocs as co ld
temperatu re. In ord er to do this, however, it is
necessary to know the ga in of the antenna.

(Eq.4a)

Firstly po int the antenna to one of the co ld
reg ions of th e sky, and the n to one of the radi o
so urces, after which the d ilference i ll the
noise power between both antenna sett ings is
me asu red. This is the factor Y for tho abo ve
equation. and must not be inserted in dB The
same preca utions (3) must be made when
measu ring Y, as w ith normal no ise figu re mea
sur ements

The value for Ta is taken from Tabl e 1, or
Table 2 for the se lected radio source, af ter
taking the ga in of th e antenna used into con
s ideration.

The rece iver no ise temperature T" in Kelvi n
can be converted easuy into the usua l no ise
fig ure afte r Imn sposi ng equation 1:

T"
F "" 1 + 290 (Eq. 1a)

and NF '" to log F

Rad io source Flux10 u (W/m'Hz)
144 MH z 432 MHz 1296MHz

CASSIOPE IA-A" 1.11 0.47 0.20
CYGNUS-A 1.08 0.46 0.17
SAG ITIARIUS-A 0.36 023 0.14
TA URUS-A 0. 15 0.12 0.095
VIRGO-A 0.12 0.05 0.02

" 1982

Table 3: Flux density values for five radio sources a1 144, 432, and 1296 MHz
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B.
USING THE DIAGRAMS

In order to lind T", with the aid of the tables, it
is necessary to know the gain of the antenna
used. It is possible, in the opposi te manner, to
calculate the antenna gain if T., is known 
calculated from the measured noise figure NF,
or the noise factor F.

In order to make this simpler lor the user, and
especially to allow the calculation with inter
mediate values of G and T" , diagrams have
been drawn. They show T'" as a functio n of Y
for the lour strongest radio sources , and for
the cold sky using the antenna gam as para
meter.

Since two cold points in the sky are available
for 144 MHz, namely in the vicinity ot ccnster-

tatron Leo and Aquarius, the diagram lines for
this frequency are plotted twice.

Fig ure 4 shows the values 01 the 'strongest
radio source, Cassiopeia-A, referred to the
cold sky in Leo, as well as lor Cygnus-A, refer
red to Taurus-A. (These lines lit into this dia
gram without interfering - see 8.1.)

Figure 5 shows the lines for Cassiopeia-A,
referred to the cold sky in Aquarius, as well as
Cassiopeia-A, referred to Taurus-A. The way to
work with these diagrams is 10 be described
later.

Figure 6 shows the lines for me other three
strong radio sources, Cygnus-A, Saqutarius 
A. and Taurus-A. referred to the cold sky in
Leo, <Ind. Figure 7 finally shows the same
three radio sources, referred to Aquarius.

,,,
[ <]

0 '
s
•

YU1A.W
~ CA 55ICPEIA- LEOI 1.. .. MHz

- .::.;1
~"""''''' - .,"'-.-- - -+-- +----.-

/
~ YG 'H; S 

TAURUS
1'- '- MHZ

" "',8 IJ , 0 21 21 II " " " G [dEl} " " " " " " ", , , , ,
t S , , .S a ;.S , ' .S S s.s e ,s

Y[dEl]

Fig . 4: Recelvtr l'Io i ~e te mperatu re T", in Kelvin at 144 MHz using the V.fac to r wil h the anten na gain as
parameter. For C&S8iope ialLeo a nd CygnuslTaurus
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The most important thing is mat one firstly
uses the cor rect diagram, and secondty the
cor rect sca le. It could have been arranged
more clearly if each group of parameters had
Its own diagram, but that would take too much
space in the magazine.

In the case of 432 MHz, the diagram given in
Figures 8, 9, and 10 are valid. They contain
lhe values lor the same lour radio sources,
referred to a cold sky at 432 MHz,

One uses these seven diagrams lirstly by
simply inserting Y in dB (measured with the
radio source in question as noise increase
with rosoecuc the appropr iate cold sky). If T"
is already known, it is possible for the antenna
gain to be read off direc tly, and vice versa,

VHF-COMMUNICATIONS 1/84

8.1. Ratio Measureme nt using Two Source s

If one compares the T. -values of the various
radio sources 10 another, one will see lhatlhey
can be split into I'M)groups : "hot" and "cole':
Cassiopeia-A, Cygnus-A, and Sagittarius-A
can be classed as "rot'; whereas Virgo-A and
Taurus-Aare relatively "cold", Considering the
import ance of T05 for the accuracy of the mea
surement, it is logical, not to point the antenna
towards a cold region or the sky (Leo, Aqua
rius), but to one of the relatively cold radio
sources. Figures '1and 5 therefore contain two
such pairs for 144 MHz.

8.2. Measuring Procedure

The most important thing is that no single

,..
[ ' j

.~ +lrlr\- '1--'1-+-\----1--1\c-==---=~,.-\
•

" , g " .. " " " " " G (~ B)

CASSI OP ( I A- TAURUS 144 MH, (l (dB] .. .. '" ..
.

rs , ,.s " •

11 II

•••
Fig . s: 8$ Fig . 4. bul lor CassiopeiafAquarius and CassiopeialTil urus
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Fig . 6: as Fig . 4, but fo r Sag ittarius/Leo and TaurUs/Leo

stage 01 the complete receive system includ
ing all preamplifiers and converters is operat
ing in a non-linear range. Once again, we
would like to draw your attention to the article
given in (3). The receiver is aligned to the
widest bandwidth, SSB-mode, and the auto
matic gain control switched 011. The noise volt
age is now measured at IF-level, or, if not pos
sible, at As-rever, according to the measuring

equipment available. The accuracy of the
measurements is dependent on the linearity
and stability of the receive system, as weil as
on the precision 01 the calibrated atrenuator
and reading, and also on the accuracy 01 the
antenna pointing system (rotators). The dia
grams and calculations are very accurate,
which means that any errors caused by them
will only amount 10 a few Kelvin.
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Fig . 7: as Fig . 4. bUl 10 ' Sagill~ .ju siAqua.ius. CygnlislAqlla.;us , a nd Taurus/Aquarius

In order 10 average the steueucet uuctuanons
of noise measurements, it is very necessary to
carry out several measurements, preferably
using various radio sources and "cold"
points. Finally, one should form a mean value
of all measurements.
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The given data allows exact measurements of
the receive system parameters 10 be carried
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Fig . 8: Aet civCl noise lempe .alu.e Tn in Kelvin 101432 MHz usi ng lhe Y·.acto ' with the antenna ga in
10$ pa ra mc lc r lor Cassiopcialcol d sl<y

out by using cosmic radio sources as referen
ces, TIle accuracy of this method is directly
dependent on lhe accuracy willl which one
measures the ratio of noise powers between
the hot anc cold points in the sky.

During Ihe preliminary phase, the assistance
and literature published by Mr. Aleksander
Ic rmk. Director of the Astronomic Observatory
in Belqrad. was very helplu l.

The pracucat application and checking of the
method was made by Mr. Teodor Mrksic,
YU 7AR, and others, He made his array of fOUf

vu oa-antennes (4 x 22 el.) available lor al l
measurements at 144 MHz. Also recently
published measured values together with
other EME·antennas were a great help in
order to check the method .
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Fig . 9 : .. Fig . ll, b ill for Cygnus/enid sky

Only the stronqest radio sources were consi
dered in Ih is art icle, since il is only possib le for
these to be used wllh relatively inexpensive
equ ipmen t. In Ihe relerences. it is possible for
data to be obtained for the nebula -s Omega
and Aquila. which were measured by several
owners 01 large EME-antennas, both al
144 MHz and at432 MHz. These twonebutars
generate. however,such a low Huxdensity that
(amateur) measured values for them are
actually measurements of the sky around
them, Since both are also in the vic inity of the
center of the Milky Way, the noise temperature
01 the sky around them is relatively high,
which means : Ta ., Tasl<y'

Special care is always nece ssary when carry.
ing our measurements in the sky in the vicinity
of the center of the galaKy. due 10the strong
radiauo n trom Ihis area . Th is is especially so

4.

wnen using antennas with relatNely low ga in
(large beamwidth).

In the frequency range in excess 011 GHz, the
flUll density 01most radio sources is very low
(Table 3), which means Ihat the measure
ments described in this art icle will provide
very inaccurate results mspiteof the very low
temp eratures of the cold points in the sky. For

Radio source Bectaecensicn " Decli nation ;;

CASSIOPEIA·A 23":'1'" -'- 5W 32'
CYG NUS-A 19' 57'" + 40 ' 36 '
SAGln ARIUS-A 17"44'" - 29 '
TAU RUS-A 05"3' '" .'"
VlRGO-A 12"28'" + 12"41)'

Tab le 4 : S ky coord inales fo r the
live radiO sou rce , uU'Cl
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Fig. 10 : .. FIg . 8. bUI tor Sag itt arius/cold sky. and Taurus/col d sky

higher frequencies. it is therefore adv isable to
use the earth as source of the "hot" tempera
tures (290 K) and to measure it against the
cold sky (Tel = 10 K: T;>Q; = 30 K)

Attention should be paid when pointing the
antenna to the earth surface thatlhis does not
deteriorate the matching. and that me
antenna only "sees" the warm earth.

Cola Sky 1 Aect&Scension I Ded,nal-.on T8mperal u~ Teo
ConSl8liation « b t44 W1l ea ...

L'" I 09'30" I + 40 ' 195 K OS K
Aquan u$ 22"30'" 0' 275 K 'O K

Tab~ 5: Sky coordinates for the two " cold· ' poin18
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Tab le s 4 and 5 finall y g ive th e sky coordinates
for the rad io sources and co ld po ints used
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The ATV· 701 1 is a pro fessional qu a:ily ATV trans
mitlet' ioI lhc 70 em band. It is only recossery 10
eonnecl a camera (monochrome OJ( colour). antema
and miel'ophone. Can be operated from 220 V AC OJ(
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Konrad Hupfer, OJ 1EE

A 10 W Linear Amplifier for the
23 em Band

Although SHF power ampli fiers for th e
23 em band are available on the mar ket , we
hope that the circui t described in this
art ic le will be attract ive to those readers
wi shing to constr uct their own equipment
for this freq uency rang e. The 10 W po wer
ou tput from this single-stag e amplilier
all ows co mmunicati ons to be made over
considerable di stances. Of course, one
can also use it to drive a hig h-power ampll
fl er equ lpped with tub es that is mo un ted at
the antenna, or at least just und er the roof ,
Th is is a great advantage for ope rat ion over
the Ltrans ponder of OSCAR 10!

The lransistor used in this amplifier has been
on the market for several years now, and
several experiments have been made with it.
However, at that time it seemed too expensive
for publication 01 an amateur linear amp lifier.
Although this transistor can still not be crass
ed as inexpensive. the author considers that
one cannot continue toweu until th is translsior
only costs a few OM. Finally, the ready-made
linear ampli lie rs available on the market lor
this frequency range are also not inexpensive.

In order to keep the Pc-board as inexpensive
as possible, the circuit is bui lt up in a semi·
pri nted construction. that is only the UHF·

lines use PTFEillass fibre material. The
tuning elements are also less expensive
types, although an improvement of gain and
efficiency could be achieved with air-spaced
microwave trimmers (Johnson, rekerec. etc)
as well as simpler alignment

1.
CIRCUIT DETAIL S

As can be seen in the circuit diagram given in
Figure 1, the lranslormation networks at input
and outp ut possess two trimmers each, in
order to compensate for all possible tore-an
ces of the transistors, and installation 
emitter solder ing. base and COllector connec
tions. This means that this cons truction can
also be used for experimentation; the " UHF
wiring" is not critical. and no accuracies of a
tenth of a millimeler are required.

As has ollen been discussed in conjunction
With UHF power amplifiers. a through ground
connection is necessa ry from the "base
ground side" via the emitter suppor t to the
"collector-ground side" . This is made with the
aid ot a thin copper foil (approx. 0.1 mm).
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Fig. 1:
Si ng le- s lage 10 W linear
am p. .... , tor 1296 MHz

T1
on
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-, bo - 7-J
R1 ; , ( 8 (7 [)r111f-{ 1 l'l1

~ ii - I
e1 • •~, .
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I
I
r
I
I
I
I
I
I
LDJ1EE 004 f6 K6 D1._.__. _ . ._._._._....J

IN

I 1:

T 1:

T 2:

C 12:

BLW 98 (Philips) or TH 598
(Thomson-CSF)
BD 135 or similar NPN silicon
transistor (45 VJ1.5 A)
l M 723 inlegrated 'IOhage
stabil izer
1N 4001 or similar 1A-Diode
Plastic loil trimmer 6 pF,
Phil ips: grey
Plastic foil trimmer 5 pF,
Selke: green

C 3, C 4: Cerami c disk capacitor, 0.5 pF
C7, c e,C 11: Feedthrough capacitors of

approx. 100 pF for solder
mounl ing
Alu . electrolytic 100 pF/6 V
Tantalum electrorvuc approx.
4.7 /-lF130V
Ceramic disk capacitor approx.
1 of

C 9:
C 10:

C 2, C 5:

0 1:
C 1, C 6:

2.
COMPONENTS

The collector voltage supply is made via an
approximately 15 mm long piece 01 0.8 mm
ote . ena mel led co pper wire.

Special attention has been paid \0 the gell€ra
non of the quiescent cur rent and its stabiliza
tion (1). An integrated voltage stabilizer
LM m generales a variab le base-b ias volt·
aqe (A 6) with an imped ance of approximately
50 rnU together with a power transistor (T 2).
An increase in temperature orme emitter sup
pori of T t (UHF-transistor) heats otooe (0 1),
whidt is mounted on this suppo rt; this diode
co ntro ls the voltage stabilizer so that Ihe base
b ias vonaqe is control led back .

Since th is linear amplif ier is designed as
power amplifier lor connection to conventional
transverters having an output power of be
tween 1 and 3 W, the UHF-connections are
made in the form of coa xial cable (preferably
thi s PTFE-cable) and are directly so ldered to
the input and output of the uansior mauon net
works. They can then be provided with the cor
rect length lor the applicat ion in qeesncn.
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Fig. 2:
The epoxy PC-board OJ 1EE 004
is equipped from the copper side

3.
CONSTRUCTION

The amplifier is acco mmodated on the copper
s ide of a single-coated epoxy PC-board,
whose dimensions are 72 mm x 72 mm. This

RFC 1:

RFC 2:

L 1. L 2:

R 1
R 2:
R 3
R 4:
R 5:
R 6
R 7:

Miniatu re ferr ite choke 0.22 I/H
(Delevan)
6-hole fe rrite core cho ke
(Ph ilips)
Stri ps of double-coat ed PTFE
Pc-board mate rial . 1.4 mrn
th ick , soldered as shown in
Figure 3 to th e grou nd su rface
of PC-board DJ 1EE 004
560

1 n
8.2 Q

18 kU
8.2 kD:

1 kQ trimm er po tentiometer
1 kLl

board, which has been des ign ated DJ 1EE
004, is shown in Figure 2. It can be accommo
da ted in a conven tional metal box of 74 x
74 mm The PC-board and case should be
mou nted on a sufficien tly large heat s ink wit h
the aid of sev eral screws and the transisto r
bolt.

The Pc .boaro is not etched in the area of the
UH F-amp lifie r. A hole is dri l led in the center 01
this part of the board into which transistor T 1
is mo unted so tha t its em itte r connect ions are
flat on the ground surface . Fig ure 3 shows
th e posit ions of stnpnnes L 1 and L 2, as well
as the trimmers, fixed capacitors, and chok es
at the base and collector. The intermediate
panel in th e center of the case screens the
UHF-portion from the DC-cir cuit , and th is is
not shown in Figu re 3.

Instal lation detai ls for th e UHF-transistor and
the diode used for temperature compensation
are shown in Figure 4. The prototype does
not look very professional (Figure 5), since
the board was cut by hand. Due to the reflec
tions on the surface of the solder, it is diff icu lt
to see the str ip lines, trimmers. and capaci-
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Fig . 3: Dimensions lin d con sTructi on ol The str iplin e ci rcuits comprising dcubte-ccstee PTFE PC-bo ard
materia l

lors. The holes in the heal sink have nolhin g
10 do with this article : lt was left over lrom a
previous project.

4.
CONNECTION AND ALIGNMENT

Alt er check ing the linear amplitier for incor
rect wiring and component faults, all trimmers
should be set 10 a central position. It is advis
able to firstly check the U..~ control circuit on
its own, and to connect a convent ional 1 A·
diode instead 01 the base of the UHF·tran
sister.

A voltage between 0.4 and 0.8 V should now
be selected with the aid of potentiometer R 6.
II this is the case, align the potentiometer to
exactly 0.5 V and remove the operating von
age . The base of T 1 is now connected.

For carrying out the next step. the output of
Ihe ernpuner must be terrranareo with a suita
ble 50 U load - preferably a power meter or
reuectometer.

The circuit is now provided with an operating
voltage 0125 V, and a collector-quiescent cur,
rent of 250-300 mA is adjusted with the aid of
R 6. The final UHF-alignment is made accord
ing to Figure 6 by slowly increasing the UHF·
drive as measured using a calib rated retlecto
meter.

54

......~ ,, ';!ro t sj-,k
Oi se.cer : ~y
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box mounted 01'1 an old heat sink
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f ~12'1~ 'Hz J

e1 t>/t>f-
I

DJ 1EE
-"'"

Fig. 6:
Measuring circuit alignment

The matching networks are align ed alte rna
tely lor ma ximum outpu t power (C 5, C 6) and
best matching anne inpul (C 1, C 2)_ rncoc r
pu t power shou ld amou nt to 10 W at a drive
power of 3 W. The co llec tor current should
inc rease from its quiescent value to approxi
mat ely 0. 9 - 1 A.

Operating vo ltage- 13 ,5 V
Ourescem current: 170 mA
Drive powe r: 4 W
Ou tput power : 17 W
Etticiency : apprQll . 45%

If the le is suffici ent in terest, a linea r amplifier
usi ng this trans istor could be described later .

Final ly, the author wou ld l ike to mention expe 
r iments that he has recently made wit h a new
NEG-transistor. type NEL 1320 81·12: When
usi ng a sim ilar circuit to that described. the
follo wing pre liminary values were measured:

5.
REFERENCES

( 1) MOTOROLA
RF-Dala Manu al, 1980

New Interdigital Bandpass Filters

Price: OM 166.-

a-staqe. seared bandpass liI ters for
1152 MHz, 1255 MHz, 1266 MHz or 1297 MHz
centre frequencies.

3 oa bandw idth: •._ ,..,,,. ,_ 12 MHz
Passband insertion icss: • 1.5 dl3
Attenuation at 1; 24 MHz: 40 dB
Allenualion at -t 33 MHz: 60 cB
Relurn loss: .•._..._. ................ . .._. __20 dB
DimcnsjOf'S (mm)' ...... 140 x 70 x 26

Please list required
centre frequency on
ordering.

k -el f.{,Ytechnik Teny D. Bina, . Jah~:', ~: :O:~:~h 80· D-8523Baie''''orl
rer.: West Germa ny 9133 / 855 . For representatives see cover page 2

Ideal lor installation between fIrst and second pre
amplifier or in front of the mixer for suppressionof
image noise, and interference from UHF·TV
transmitters and out-or-band Radar Stations. Also
very advisable at the output of a frequency muiti
plier chain. or behind a transmit mixer
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Knut Brennd6rler, DF8CA

A 5/50 W Power Meter with
Dummy Load for Operation up to 1.3 GHz

Many different types of power meters are
used by radi o amat eurs. Most 01 the power
meters available on the market do not cover
up to th is frequency range, and their accu
racy is much less than required by VHF
UHF rad io amateurs. In add ition to this.
many th ro ugh-li ne wattmeters show a
dependence of th e reading on the impe
dance of the antenna. This problem is solv
ed when using power meters equi pped
with a built-in terminating resistor (dummy
load)_

Thi s terminatin g resistor was the co mpo
nent thClt ca used prob lems in the past ,
however, nowadays one can purchase
industrial products having excellent speer
Iications, Clnd even amate ur prices.

age, which can be recaub-aieo into power,
since the resistance remains constant.

The required calibration causes great difficul 
ties to most home coesiruciors. The describ
ed circuit uses halfwave rectifiers using a
diode. The cons ideration was: why couldn't
this diode be used to rectify a frequency of
100 MHz in the same manner as a voltage
having a frequency 0150 Hz?

If rectifier diodes type 5082-2800, manutactur
eo by Hp, are used, one will see from the spe
cif ications of the diode that this assumption is
true. Of course. the switching timesand circuit
capacitances do have their eeecr. but an
experimental circuit showed that usable
results were provided up to 13 GHz, since the
capacitive shunt was within limits due to the

1.
PRINCIPLE OF OPERATION DF8CA

I ,,""p,I
~ (

i- -
Fig. 1: RF-power measurement maee by measurin g

the voltage acro ss a 50 U terminating
resistor

The various methods 01 RF-power measure
ments were already discussed in (1). For this
reason . we are only to discuss such power
measurements in conjunction with a terminat
ing resistor.

Figure 1 shows the basic circuit used. It will
be seen that the circuit does not allow a true
power measurement, but measures the volt-
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use 01uvee diodes. Since voltages with a fre
quency olSO Hz are usually availab le, and can
be measured exactly, these ca n be used tor
calibrating the wattmeter.

2.
SELECTION OF THE COMPONENTS

The heart of the circuit is the terrnin atmq resi
stor manufactured by CTC (ACRIAN). II com
pr ises a resistor layer, whi ch has been OKy
dized onto a bery llium-oxide plate. This is
provided with a Ilange that allows it to be
mounted on the heat sink. The most intere
sl ing models for rad io amateurs are the
following'

TA lSD-SO with a rat ing 01150 W and an upp er

frequency limi t of 2 GHz, and
Te 250-50 with a rali ng ot 250 Wand a
frequ ency range of up to 1 GHz.

Type TA 150-50 was selected for the author's
prototype. The excellent return -loss specifica
tions are given in Figure 2.

Before selecting tne rectifier diode, one
should know that it must be able to handle the
peak-to-peak vol1age present across Ihe 50 n
resistor. This voltage is calc ulated according
10 me following equalion:

U I'I'O "" 20 x ~!P
where : P in W tntc 50 n
In lhe case of a power of 50 W, th is amounts to
141 42 V. which would be rather too much lor a
diode having a maximum junction vottaqe 01
70 V.

:JIJ.. ..Y-LO~U .. ~TH..r TFR nFRr;~. I<~ JUI<N LO'.;:';

"
"

U2. 1l3 . uz :~. 2;ZJI ~·

4 2 ._ , _._ ~ . . _ , ~ '1easuCi ng i"nil s

" • - , ._ ~ . , --

N 0 • m • , • • • N 0 • "' • , • • N

• • • • • • • • • " " " " .- " " " " " "
,..

Rg. 2: Return loss et me com ple te ....tl met. r In the range 01 100 MHz to 2 GHz
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Fig . 3:
Complete circuit diagram of th e wattmet er
including pcak-vollagc store

In orde r to have some reserve, three diodes
are connected in series. Sorne reserve should
also be al lowed for the le rminafinq resistor
s ince these small cer amic plates are very sen 
sitive 10 over load due to their low heat capa
city, even if it is only lor a fraction of a second.

3.
OVERALL CIRCUIT

Figure 3 shows the complete circu it diagram
of the watt meter. One will see the termina finq
resistor, recti fier diodes. and charge capa citor.
whi ch is formed by the paral lel con nec tion of a
1 nF chip capacitor and a 0.1 ,uF ce ramic capa
citor. The dropper resistor of the 100 itA-meter
is split into two so tha t a maximu m of 4.75 V
can appea r at poi nt (1).

Th e rest of the pea k voltage present across
the charge capacitor is diss ipated in R 10,
P 10, or R 11, P 11.Res istor R 13 is designed so
that 4.75 V at poi nt (1) resu lt exactly at fu ll
scale. The voltage across the cha rge capa ci
for results from the peak voltage across the
50 C! resistor. that is :

Up = V'2 X li P x R.

In orde r to be able to measure the power

SR

peaks 01 SSB-signals more accurately. the
instrument was equipped with a peak-voltage
sto raqe. The ci rcu it is cons tructed acc ording
to (2) and has a gain of exactly one.

Resistors A 1 and P 1 form the impedance at
the moter including dropper resistor R 13,
since the opera tional amplifier is high
impe da nce at the input. Tho double op amp.
used is a LM 358 N and operates down to the
nega tive operating vol tage, which means that
no plus/m inus supply is required.

The parts of the circuit enclosed with in the
dashed lines are accomm odated on a PC
boa rd, which has been des ignated DF8CA
OOt The component locations on the 70 mm x
33 mm sing le-coa ted PC-board are as shown
in Figure 4. A photog raph of the completed
board is given in Fig ure 5.

7:1""'''' _

Fig. 4: Componen ts 01the singl e-coaled p c -bcerc
DF8CA 001 for acco mmodation 01th e
peak_voltage storag e and two dropper
resistors
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Fig . s : Photogr aph ol l tle com pleted bo. rd

4.
CONSTUCTION

II is necessary lor the 50 U lermlnatlng resi
stor tobe mounted on a sulflc ienUy large heat
sink.. Attenlion shoo ld be paid that the surface
is smooth and thaI the heat-contact is as good
as possible.

In the case of the author's p rototype, the AF·
input is made with the aid 0 1a piece 01PTFE·
coaxial cable AG-142 BIU (similar d iameter to
AG-58), wh iChleads to an N-na"ge ccnneeo
with cable cconecnon. Atlention mUSI be paid
tn at 00 mechanical load is placed on the res i
sto r. Thi s is avoided by soldering the cable to
a brass plate th at is screwed to the hea t s ink..

;

The three diodes are soldered to -the Chip
bypass capacitor using the shortest leads
possible. The more compact the construct ion .
the higher will be the upper cut off frequency,
Figure 6 shows a photograph of Ihe temunat
ing resistor with the three diodes and charge
cepecncrs. The mounting 01the Nccnnectcr
is shown in Figure 7.

The case was made by bend ing al uminium
plate in ttle formol a U. Howeve r, another avail-

Fig . 6 : TetT'llinMi ng rnlslOf. doode$. • od cn.rge
npaci!or. It hi not .Dsolull!/ynec~10
mill the rnountincJ Ml rfK e.

Fig . 7: H_ aink and ....... p8rt 01 the ease
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•

Fig. 8: Photograph of t he completed wattmete r

ab le case can be used . The battery, the PC
board, and the fou r-way, six-pole changeover
sw itch are mounted in the cab inet . The si ng le
contact from the charge capaci tor to po int X
shou ld be in the form 01 a plug-in contact.
Figure 8 shows a photog raph of the complet
ed wattmete r.

5.
ALIGNMENT

The fol low ing are required for al ign ment:
A variab le isolating tr an sfo rme r, and an accu
rate AC-vol tme le r (d igital vol tmeter) . In addi
tion to th is, a norm al transformer of 220 V to

60

24 Vl1 A is useful for low vo ltages, w hich can
be connected \0 the ou tpu t of the variable iso 
la ting transfo rme r Since the ch arge capac itor
between poi nt X an d groun d provides too low
a value for a frequency of 50 Hz, one sh ou ld
prov ide an electrolytic of 50 to 1QO,uF in pa ral
lel wi th it tempo rarily dur ing the a lignment
period !

Firstly, align for a RMS-vo lla ge of:

URMS "" 7.07107 x rCP

w here P in W into 50 Q

Thu s: U RMS = 15.81 V. The vol tmete r sho uld
be aligned w ith P 10 in the 5 W-range fo r max i
mu m read ing (ful l scale),

Th e same is made at 50 V in the 50 W -ran ge
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50 W
45 W
40 W
35 W
30 W
25 W
20 W
15 W
12.5 W
10 W
7.5 W
5 W
4.5 W
4 W
3.5 W
3 W
2.5 W
2 W
1.5 W
1,25 W
1 W
0,75 W
05 W
0.4 W
0.3 W
0.2 W
0 .1 W
0.05 W

Vol Ta ge values
fo r c alibr aTing,,,. "'"'"
sc al e

Since the threshold vollage of the diodes has
a different enecr in both renpcs. one should
use twoscales. However, the differences at 5
and 50 W are So small that one can use a
scale having the mean value. If more sensiti
vity is requi red, in other words, several lower
power ranges, it wil l be necessary to use diffe
rent scales for each range.

However, a variati on of the diode threshold
voltage as a function of temperature can have
such a strong effect in some cases that the
measurement will be too inaccurate, At low
power levels. the diode should be used in the
square portion 01its characteristi c curve

The alignment of the peak voltage storage is
made by connecting a signal equal to full
scale and aligning P 1 so that 11 0 difference
results on switchin g from norma! to peak-value
indication.

For the battery tost, R 12 is selected so that a
voltage 019 V should be in the last th ird ol the
readinq .

The maximum errors of the described watt
meter are normally less than 100Al

A considerably higher accuracy can be
achieved if a careful consuucuon and alig n
ment is made.

It is now possible for the lntermadia tc values
given in Table 1to be adjusted enc marked on
the scale with the aid of a pencil.

The alignment can, if necessary, also be car
ried out with DC-voltage. The values to be,-
adjusted are, however, factor l' 2 greater than
those qiven in Table 1. Attention should be
paid , however, that the power at the 50 n rest
star is twice as large during me align ment
process than in normal operation. Due to the
danger of overload, uus method is not recom
mended.

6.
RE FERENCES

1) Olio Frostn n. DF7QF:
A Home-Made UHF/SHF Power Meter
VHF COMMUNICATIONS 13,
Edition 4(1981, pages 221-229

2) Zirpel: Operanonsverstarker
Franzis-Verlag Munchen
ISBN3-m 3-6132-3
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MATERIAL PRICE L I S T OF EQUIPMENT
described in ed it io n 1/1984 o f VHF COM MUN ICATIONS

DB 1 NV 10 GHz Transc eiver with d ielec tri c stab ilized oscill ato r Art. No. Ed.4i83. 1i84

Doppler modu le FO-OP 12 KF as described in Ed ition 4/83

Flanqe micrometer rnirnatu re, spindle ora. 35 mm

Components DB 1 NV 001 8 transis tors, 6 diodes. 3 1Cs, 1 voltage
regulator, 8 coil ki ts, 3 kinds of wir es,
2 mini AF chokes, 2 loil trimmers, 7 toil.
14 ceramic caps. with 2.5 or 5 mm
spacing . 6 ceramic or foil caps . wi th
75 mm spac ing, 9 tantal um and 3 alumi
nium electrolytics. 11 ceram bypas s
caps" 40 resistors. and Pc-ooaro
double-coated. silver-plated , drill p.<l

Kit DB 1 NV 001 w ith above parts

6833
6832
683 1

6837

OM 260. 
OM 98,~

OM 182 .~

OM 530.-

OF 9RL
PC-board

Com pon ents

Kit

2400 Hz Generator for Sync . of the METEOR Satelli tes
DF 9 RL 002 single-coated , without plan, drilled

OF 9 RL 002 1 crystal 3686.40 kHz . HC-431U,
2 CMOS ICs, 2 diodes. 1 toil trimmer.
3 ceram. caps.. 3 resistors

OF 9 RL 002 comptete w ith above parts

6834

6835
6836

Ed . 1/1984

OM 7.-

OM 49.
OM 54.-

It is now possible for you to order magazines, kits etc. using your
VISA Credit Card!
To do so, please state your cre dit-card number and the validity date,
and sign your order.

Yours - UKW-BERICH TEIVHF COMM UNICATIONS

VISA

k~.T-i:iWberichte Te"y D. Bittan · Ja hn, " 14 · Po"" ch 80 · D-8523 Baie"dorl
Te l. West Ge rmany 9133·8 55. For n ecreeeotenves see cover page 2
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Space and Astronomical Slides
Informative and Impressive
VHF COMMUNICATIONS now criers sets of phao
taste slides ma de during the Gomin i , ApoIIo M~ riner ,

and vcyeqernusscos. as well as 511005 from leadIng
obselVatones. These are standard S4 ZC5 em x e em
slirlf! s which are frflme(J and annot ated .
Prices plus OM 3.00 for post and pac~ i n g .

Sets of 5 NASA~slides DM 8.50 per set
Sil t A103 Apollo 11: Ea rt~l and Moon
Set l:ll 04 Apollo 1\: Mfln Oftt li; MlXlIl
$01$ 105 Apollo 9 and 10: MOOlI RlHlil l<rs>l1
Set8106 From Californ ia to Cup Cana ver al
Set8107 eronct a Moon Rcvisitcd
~IR 108 Gem irli EarthViews
$c1810'J Apollo 15: Rovillg H<ldley Rillll
$c18110 f\poIlo l 6: Il1lo1hcHoghlaJlC'ls
$c 18111 /\polIo 17: Last vovauc tc the moon
SIl tS11? Apol lo 17: l ast Moo n Walks
Sc t 8 113 M<lrinc r 10: M",rcury IlIKI Venus ...
Sel 8147 »J upil er en co untered .. 20 slide s of VOYAGER 1 & 2 OM 35.00
1 Ju p,(cr an<! J ""teI ,tes 2. The !Ji.''' l p~""'1 3.. J"pol'". 10 ",,,l l::ulf.~' 4. The fled s pol 5 tee Heel $pOI in delal l 6 . The
SWlflon<J do uas 7. lo ",~J;l "" ,il" ""al !I ThI'lfQ~I I . 'OI"hoo<Jorlt~, nco spot 9 . 1 ~.. ringsOI JoJpd", 10 , 11>1. ".1I1,,,, ;,,, ..,I,,11i
I"s 11 1\",,, llll,,, 1? Cal l' ,to 13. Impactle al....e on Ca llisto 14. Er "I~i<~l Olf 10 1 ~. 10 1,,11 ri"",, 1 ~ r "If"" " ,*""", up
1 / . r"If.• "".,.,I",,1 ~",,,... lB. (;anym...-1" ~1oI;oo."p 19. 1\,>i , lanl (ia"y",(~l" 70 T~<, k",.""w'J""'"
Set 8100 " Saturn enccuntered«, 20 VOYAGER-1 slides OM 35.00
I. ~alumalld 6 ot ilS """x" 2. $ ;,ILl" , I" ,,"1 ' "' io ""1<,,,. ~ . S" ttJlll fro l11 Bmio miles 4. 5 81um tron> I rr ,; "", i1 ~" (" $;. 1<" n " r,,'
r i "9~ from OClO .OOO ,,,il,, , h . ~H I "r "' ~ rk"d ope t 7 Cklud bolts ,n deta il 8 . Dion, , '~ ' i n ' ; l >;" 1",,, ~,I) , ,,,,, "'"""" P 10
m.,,, , 1. C,,,I,,, ' , of nhc" 12. t itan 13, I itan' s pola, hood 14. H LJ!~ ' [:r;,I"r ." , Mi,,,,,,-, 1~ OlhQr socuf M,ma s 16. Ap·
prt,,,r:lli'.I II,,, ri' ''18 17. Under the rillgH 18. El" ow II., ,inU' ' '1. " R", idcd" r "''''1 70. lapelus

Set 8148 "VOYAGER 2 at Saturn " . 20 VOYA GER-2 slides OM 35.00
I . VOYAGER 2 aplxn"d lO "; 7 . (: k..J" ~ r~wl~ ~ Storms &. s atellit,," 4. Cyd(},"'", " x ~,,!I. ~~ ,ii ,,,;,,,," " C'~ Wl'C1 IVl'

".jn,lS f>. IIfmm ;I>I • .' ric di,l url>,lnoc 7 1lIllQS&. stladow. a. f"" ,,(;.. ri' '''l ~ . n irKI ' ~ 'Iai" 10 T~l' . A· "'WI I I look lnq
t>nck on 5;",.." 12. r rtan - JliglllSiOll 13. nan alm"'f ,I"" i" h.tI.l" 1·1 l r>c , t' " ' ''''l 15. Ilvpenon d ose -up 16. 1 ~I''''tus

re , e nJc<j 17 Lnceladus e,pI"''''' IA. n..,T"'hyo; '" "'V'w' 19 T"" _, . " ng SI,uc1ure 2C.WII~ in Ihfo En.", ,~,,~""

Set 8101 »srom Here to the Galaxies " . 20 ast ronomical slides OM 35.00
1. Moon - eas l" ", hml> 2. Moon - NF Iomb 3 ComcllKLVAS EKI 4 T, ap.u i" m ~. ~S""IIow<:',, p1"rw.1,"y"cWla ,n AQua
rius 6. N"b"l~ io CasSIopeia 7 Nor1rlAmeoca nebu la 8 &ayiU",i"" sla' cloud 9 Sporalgalaxy ,n 10anqulum 11). Sp. gal
,nCanesvena1lCl II. SI>_gaI.,nCo",aS",.""cus 12.Sp.g, oI 'n leo IJ . Lc ge -OIlsl>. gal.inV"gO 14 SJJ y." ,0 C,,,,,,~ Vo
nalo:;1 I!>. 51>. gal. in Carnek,p.~'d.~k Hi. 51' . 1)'.1 '0 I yo. 17. 5 1>_gal . in Pega~u~ l A. U.S. N" v,,1O""'"v.,."ry FlaqSl~K.

"'. 19 . 6--,III.flI" ,osil I"'" scope 2Q I) 1 ,oc~ rctleClO'

Set 8102 " The Solar System.., 20 NASA;JPl slides OM 35.00
1 Solar Sys le m 2_I orm ation Ollh.. PIa"",!!; 3 11... Su" ~,Mercury 5 Crescenl V..nu~ 6. Clou, :l!\ 01Venu5 {, E"ri~
8 J ull Moor! 9 . Mam 10. IA" " , O!)''''I~'~ Mu"" 11 Mars' Grao d C.~n"", 12. M,,,~ Si'UK!5 Ch ,It,,,d 13 f'holxls
14 . J" pil'" wilt>Mol"'" , ~. J"",!ct ne<l $pol 16 satu rn 17. S;' tum Ri,,'IS 18 U, onu, om Nooptune 19 Pluto 20. C<lrfw;t
11<('¥a ·Sd,i,

Set 8149 "The Sun in action " , 20 NASAiJPL sli des OM 35.00
L S un In H" light 2. Tatal So la r .. r.I~ ,"' , ~ . Oo. ,t", " " OfH' 4. COfona tram SMMs..' t< ,llil" 5. C,. ", ,,, ",,,,a·" I' r;, So il" ma;l 11Q
to')",,,, I, A~., iVQ rcqloos InX·radla tlon B. x-ra yccro na 9, A coron,,1ho le 10.So lart lare I' Active ~; u n 12. Etl' i!tiv" I" ll
mine nc," 13 Gargantuan prominence 14 Erupllv" p",,,, i,,,,ro:;e 15. HugA Solar e , pln,"" on 1(,. Pr "'" i '1<~ "' : I ' .., ~"t i ':>n , {,
S un in action 18. M1g '~ ' lio 1i,, 1[1kl<'I" , ~ , r'''''''''''.•lCU ciQ. e. LJ r 20 , Chro 'no.phc ric "prlly

Set 8144 »Space shuttle" . 12 first-flight slides OM 24.00
1. 5T51 head s aloft 2. View from the towe r 3. TDw"" r k'm 4 Launen prof~e 5. PaylO3d h~y (~",n e. ST5 w "l,oI Hou·
slon 7. In orbit. e arth He"" through fr-.. winrlows 8. Bob C" ppen ;n mid-<lerl< 9. Joh" You" n 10. Arrrour.hi,'9 toocrcown
11. Aft", 54,5 hours I" space CoI~bia returns 10 Eart~ ,;<. AslronaLllsC" p pe n a n<l You"g emerge an e rlha s~~sful mi~sion

~" I/","berich· IA ieAJ'~A~: e Terry D. BiUan . Jahnstr. 14 - Postfach 80 . D-8523 aaersoort
Tel. Wesl Germany 9133·855. For Representatives see cover page 2
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FOR OSCAR 10 AND NORMAL COMMUNICATIONS

Polarisalions Switching
Unit for 2 m

Crossed Yagis

Rr,ady. tCKlperate as described in VHf
CO MMUNICATIONS. Complote in ca
binet with three BNC connectors.
Especially designed for use with crossed
yagls mounted as an " X", and ted with
eq ual-length feeders. Follow ing six corn
ri&l tions can be selected : vertical. hori
zontal. Clockwise circular, antrclockwise
circula r, slant 45° Clod ~ I il n t 135".

,'* .-~
• - •

-I- ., /-
- ./ '----
ok ~.. -,-

VSWR '
Power:
Insertion loss:
Phase error:
Dirnonsions:

max, 1.2
too w corrtsr

0.1 to0 3d 8
appr ox. \0

216)( 132 J( 80 mm

• Connect ions:
N-Connectors

• Dimensions'
125 x 80 x 28 mm
(without brackets)

Further details on request.

Se lective High-Power Masthead Amplif iers in wascrproot
casi-en.mrn.om case with mast brac kets. Built-in relay tor
transmi t -receive switching PTI via co..'lxial cable using
supp lied RF/DC·spltttor,

• Noise figures: MV 144: 0.9 dAtO,6 c ts
(typ. val ues) MV 432 : 1_0oeo.e dB

• Qvcr .111 gain; MV 144: 15120 dB , sWllchab le
MV432 . 15dB

• Inser tion loss , transmit: typo 0 3 dB

• Maximum transmit power:
MV 144: 800 W SSB, 400 CWIFM
MV 432: 500 W SS B, 250 CW/FM

• Operating vcltaqe: 12 V Ilia coax ial cable

Low-Noise GaAs-FET Masthead Amplif iers
for 144 MHz and 432 MHz
MV 144 and MV 432

k ,)~-J§itechnik Te"y D. "'ltan ' Jahns". 14 . Poslta, " 80 · D-8523 Ba;.'sdorl
Tel.: West Germany 91331855 . For represemanv es see covel page 2
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German Quality you can afford

I;
' ..

.: ':'.,.{ - .
.. .

...•..

, .. ..'.
" . '

... '" to .. ..

lechnik PA 5500

WEATHERSATELLITE
RECEIVING SYSTEM

The PA 5500 system
• professionally proved
• produced in small series

offers reception and image display of the weather satellites METEOSAT & GOES
This system is very compact, complete and ready to use.

It consists of:
• special developed antennalSHF down-converter
• receiver, WEFAX electronics, scan converter
• black/white video monitor with extreme bandwidth

Features '
• zoom, timer
• optional: synthetic color presentation

Detailed into, price and delivery time at the addresses below.
UK: Microwave Modules Ltd., LIVERPOOL L9 7AN, Tel. 051-5234011.

Other countries:

k I-UL~Uechnik Tewi D. B,ttan ' Jahn,IL 14· Postlach 80 . 0 -8523 Baie<sdo, f
Tel. West Ge-manv 9133/ 855 For representatives see cover page 2



OUR GREATEST now with reduced dimensions I

Case:

""".. "" """" ",.".,""".....",,"'"'

15

. I

't'::! I 1
1 ,

\,\

14 13 17

DISCRETE App li -
MONO LI TH I C EQ UI V A LE N T

CRYSTAL wi th impedance transfo rmation without nnpeoance trans fonna ticn
FILTER

cation
l ype Termination Case Typo Terminat ion Case

XF-9 A SSB XFM-9 A 500U I! 30 pF 15 XFM-9S 02 1 8kQ II3 pF 13
XF·98 SS8 XFM·9B scoc 130 pF 15 XFM-9S 03 1.l:l kQ l 3 pF 14
XF-9C AM XFM-9C 500 n l 30pF 15 XFM-9S04 ').7 kQ , p F 14
XF-9 D AM XFM-9D 5OO11 130 pl' 15 XFM-9S01 3.3 kQ 2 p I" 14
XF-9E FM XFM·9E 1.2 kU 130 pF 15 XFM·9S05 8 2 k!.! o p F 14
XF·9B Ol LS8 XFM-9 B Ol SOOW ,130 pF 15 XFM-9S06 1 8 kQ 3 p F 14
XF-9B 02 usa XFM-9 B 02 5OO1! 1130 pF 15 XFM·9S07 18 kU 3 p F 14
XF-9 8 10' 550 XFM-9S08 t 8 k!.! 3 pF 15

• New ; 10-Pole SSB-filter , shap e factor 60 dB : 6 dB 1.5

Dua l (m ono l ith ic two po!e )

Matc hed du al pa ir (four pol e)

XF-910; Bnndwidt h t ~ kH7, n T = 6 kU . Case 17

XF·92 0; Bandwidt h 15 kHz, RT '" 6 H l , Case 2 x 17

DISCRIMINATOR DUALS (sec VHF COMMUNICATIONS 1/ 1979. paqe 45)

fo r NBFM XF·909 Peak separation ~ kHz
fo r F$ KfR TIY XF·919 Peak separation 2 kHz

CW-Filters - snnm di screte tec hno logy :

Type 6 dB Ban dwi dth Cry stals Shape-Factor Termination c aso

XF-9M 500 H7 4 60 dB :6 dB 4.4 500 ~l 1 130 pF 2
XF-9NB 500 Hz 8 60 dB 6 dB 2.2 501)(l 1130 pF 1
XF-9P ' 250 Hz 8 6OdB:6 dB2.2 500 Q I130 pF 1

• New !

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
0-6924 Neckarbischofsheim ' Poslfach 61 ' Tel. 072 63 {6301
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