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Dieter Meendermann, DC 1 BP

COLOUR TEST-IMAGE
GENERATOR FOR AMATEUR
TELEVISION APPLICATIONS

The colour test-image generator to be descri­
bed is used by the author as causrqn genera­
tor for the ATV-repeater DBONL in Bentheim,
West Germany.The module generates a PAL­
standard colour composite video signal, and
can be connected to any ATV-transmitter in­
stead of a camera. The number of compo­
nents has been kept to a minimum. Thedigital,
colour, and power supply circuits are accom­
modated on a standard Europaboard (100 mm
x 160 mm) . The image comprises 128 x 64 pi­
xels, and each pixel can be one of eigh t diffe­
rent colours. The complete images can be
stored in the described EPROM, which can
then be selected as required.

The circuit diagram of the whole test-image gene­
rator is givcn in Figure 1

1.
DIGITAL CIRCUITS

1.1. Clock equipped with the ZNA 234 E.

The integrated circuit ZNA 234 E is manufactured
by Ferranti, and contains anrequtrec dividers and

194

logic etaqes in order to derive all siqnats necessa­
ry to generate Tv -imaqes lrom a crystal-control­
led frequency ot 2.5 MH7. The circuit of this inta­
grated circuit is given in Figure 2.

The crystal Q 101 is equipped with a pulling capa­
citor C f 08, which is connoctoc botwoonpin 8 and
pin 9. It is possible to select the ooeratmq mode
with the aid of pin 2: ; 5 V at pin 2 select CCIR­
standard with 625 lines, 0 V at pin 2, on the other
hand. select El/v-standard wiltl 525 lines. In our
application. pin 2 is connected 10 +5 V.

The whole synchronizing signal is present <It pin
3 An osculoscope can be connectec here tor
checking and alignment. The whole blanking si­
gnal is present CIt pin 4, and the blClnking Clnd syn­
chronizing signal are as shown in Figure 3. The
other outputs are not required for our application
and mmam unconnected.

1.2. Pixel Oscillator and Pixel Counter

The resolution of the image amounts to 128 pixels
in the horizontal direct ion. In order to be able to
address all pixels, one will require a 7-bit counter.
This is realized using two synchronous four-bit bi­
nary counters type 74LS161 with setting inputs
and clock-independent reset inputs. Figure 4
shows the pin connections of this type of IC.
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Fig. 5:
Generat ion of the
vert ical reset pulse

Th e sett ing and data inputs are not used here
The control of the subsequent stage is made via
the Interconnectlon'transter' (p in 1511104) to 're­

lease' (pin 7 and 10 of I 105).

The counter cha in is driven from a free-running
start-stoposcnlator (1102) . The osci llator is block­
ed by the blanking signal via pin 1 At the sam e
t ime, the pixel counter is set 10 "0" , At the com ­
mencement of each line, the osci llator and coun­
ter are released. At Ihe end of the line, the blank­
ing signal will reset the counter to "0".

The pixel frequ ency can be set to exactly 4.9 MHz
with Ihe aid of R 105,This can be checked at pin 8
of I 102 (74L13) . If the frequency is too high, ihe
image will be written several times; if it is too low,
only part of the image will be visible. A measure­
ment using a frequen cy counte r is not possible,
since the osc illator is blocked during the blanking
pulses. The adjustment is therefore made accor­
ding to the imag e on the mon itor

1.3, Lin e Counte r

The line counter is on ly 6 bits in length. In order to
obta in a vert ical resolution of 64 lines, it is nece s­
sary to previously divide the line frequeny of
15 625 kHz by four. Line counter and prescare r
are identical to the pixe l counter, The two coun ­
ters are reset at the lower edge of the image with
the aid of the vert ical reset pulse fed to pin 1.

198

1.3.1. Ve rti cal Reset Pul se

T he vertical reset pulse for the line counter is der i­
ved from the overall blank ing signal. The 12 !'S
line blan king pulse and the 1.4 ms vert ical blank­
ing pulse are present at point 10 of 1103. The low­
pas s f ilter compr ising R 101 and C 101 on ly
allow the vertical blank ing pulses to pass (see
Figure 5) .

The fo llowing NOR -gate generates an exactly de­
f ined posit ion for the rear slope of the vertical
blanking pu lse. Th is releases the line counter,
The vert ical blanking signal is ava ilable directiy
(pin 27/28) , as we ll as inverted {pin 29130} on the
at -em connector, and can be used lor external
synchronizing .

1.4. E·PROM

The author has selected an EPROM type 2764
(250 ns) tor th is applicat ion. Line counter and
pixel counter are ccnnectedto the addres s inputs,

Eight - bit data word

~
Image 1 Image 2

Fig, 6: 8-bit data word
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The resolut ion of 128 pixels x 64 lines results in Binary He< Co lour

8192 pixels. A data word of 8 bit is available for 0 0 0 1 ~ 1 - black
each pixel. Only 4 bit are required for the colour 0 0 1 1 ~3~ blue
display_ It is oossoie with the aid ot the multiple- 0 1 0 1 ~ 5 ~ rod
xer (I 108) lor the second 4 bit to be SWitched to a 0 1 1 1 - 7 - magenta
second TV-image. This is shown in more deta il in 1 0 0 1 ~ 9 - green
Figure 6 _

1 0 1 1 ~B~ cyan
The colours of the pixels result from the fOl,.;.r·bit 1 1 0 1 ~ D ~ yellow

value as sho .....n in Tab le 1 1 1 1 1 ~ F - while Table 1

Z764

: j''' of, "., ., .. " , ~'1,.N 'l.....J

f, tr

'", r ""' " 0" ybcqo l/lncQt l e
---;:;l .;

~..h to

~ " ".-."
DCl ap

,
_ w

Fig. 8 : Simpl' programming sy,l, m lor EPROMs
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ces Figure 9 snows the pin connecnons and a
block dIagram 01this integrated circuit.
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The procedure lrom lhe design 01 me required
TV-image up to the finished EPROM is carried out
as toIlows :

The TV·image design is made on , lor instance ,
graph paper (see Figure 7). Each square cortes­
ponds to one memory address in the EPROM and
can be assoc iated with one 01the eight possible
colours.

There are some limitations: Lines 65 to 72 cannot
be Ireely programmed. but possess the same co­
lours as jnes 1 108.The memory address 01eace
pixel can be read off on the lelt and upper eccee 01
the paper.

The programming of the EPROM is very simple if

one has access 10 a computer system (poss ibly
even to a personal computer), Otherwise, it is
possible for the EPROM to be programmed using
the simple programming circuit lor EPROMs
shown in Figure 8,

II is posSible 10operate the test-en aqe generalor
even without EPROM itthe lollowing three brid­
ges are made al the socket:

Pin 4 - pin 19, pin 5 - pin 18, pin 6 - pin 17, In this
case. one will obtain a colour test pattern, A test­
EPROM with sufficient room lor SUbsequently
programming your call-sign will be available from
me publishers.

1.5. Image Mult iplexer

The in1egrated image multiplexer I 108 is a
74LS399. It selects one of the two 4·bit data SOLr-
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Fig. 11 :
LM 1886 N," tv-vaee
dig ital.,'analog converter
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m
IIIIPUTS

TOP VIEW

LM1886N

I' tflE:! word -select input (pin 1) is low, word 1 (A 1.

£.iI, C l D f } issoocroc. which means that im<:lgc
2 w iil appear on t-te rnomto r. Oth erw ise, word 2
will be selected if pin 1 is high (A2. 62. C2. 02).
and image 1 will appear.

The SN7 4L S399 t-as one inte rmediate storage
evenatse lor oacn 01the four output iines (a", Q e,
0 c , Q :;) , Tho mtetm edla te storage is necessa ry
since the E PROM itse lf would have 100 large tole­
rances in tho rondout spe ed 01tne ;nd lvidual b its,

Thoso tolerances would cause co lour edges to
tne contours .

A low lev el at the select input obtains a COloured
surface. and high TV -im ages. Th e murnprc xor
can be blocked via the strobe input Ip-n 15) A
hign leve l at Ihe strobe inpu t wi ll cause a black
image.

The !wo non-eonnec ted inputs that can be wen in
Figure 1 are prov ided tor rater apphcauons. such
as lor inJec ling moving text into Ihe TV· image

2.
COLOUR CIRCUIT

1111 (74LS I 57) is also a multiplexer (see Fig ure
10). It is possible wrtn the aid of pi'! 1 to switch bet ­
ween the TV-Images and a colou red surface. Tho
colour o~ the surface can be se lected w ith ee aid
ot swtcn 5 101,

The l M1886 (I 112) is a digital/a nalog converter
desi gned for TV-video application . The block dia­
gra m and the pin connections of that circu it are
shown in Figu re 11 Th is circuit generates cod ed
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saturation and colour difference signals from 3-bit
red, green, and blue input signals The polarity of
the R-Y sign al is switched at the end of each line
via input pin 2. A low signal at pin 1will activate the
burs t The output signal corresponds to the PAL­
colour TV standard,

Only the quadrature chroma modulator and the
chroma osci llator me used in the LM 1889 (1 114).
The complete colour composite video signal is
availahle at pin 13,T 101 is provided as trnoednn­

ce conve rter.

3.
CONSTRUCTION

The circuit of the colour test-image generator
shown in Figure 1 can be accommodated on the
double-coa ted PC-board with through -contacts
shown in Figure 12. This Europaboa rd is desi­
gnated OC 1BP 001 The a t-pin DIN connector
strip has the following connections '

I I 2 + 12 V operating voltage
3 + 4: - 12 V operating voltage (ground)
S + 6:no connection
7 +- 8 no connect ion
9 + to.n o connection

11 + 12 :Ground
13 I 14 .Strobe input (high '" black image)
15 + t g. Colo ur surtace

(low ", colour selected at S 101)
17 + 18: TV-image switching

(high '" image 1, low = image 2)
19 -+- 20: Blanking output. inv.

21 + 22:+SV output
23 + 24:Her. sync. output
25 + 26: Comp. sync, output, inv.
27 + 28 :Vert, sync. output
29 + 30:Vert. sync. output, inv.
31' no connect ion

Table 2: Pin connec tion s of DC1B P 001

3.1. Componen1 1nforma1ion

o 101: Diode 1N 4148, 1N 4151 or similar
T 101: Transistor 2N 22 19 or similar
Q 101 Crystal 2.5 MHz; HC 18/U or HC 33/U
Q 102: Crystal 4 .43361 MHz;

HC 181U or HC 33/U
S 101: a-ces. OIL switch
ST 101' 31-pinconnectorstripDIN 41617
I 101. v cltaqc stabilize r 5 V/1 A, type 7805
1102 : 74l S13
1103 : 74LS02
I 104 - 107 :74LS16 1
1108: 74LS399
I 109: EPROM 2764, 250 ns. with socket
I 110: ZNA234E . Ferranti
1111' 74LS157
I 112: LM1886 . National
1113: 74LS221
1114: LM 1889 , Nationil l
1115' 74LS90

The resistors are convannonal composi te carbon
resistors, for a spncmc at 12.5 mm. The spncmcs
for the 500 c trimmer potentiometer are 5/10 mrn .

Plast ic foil capacitors :

C 101 0 .33 !-IF, spacing 7,5 mm
C 102 : 1.5 nF, spac ing 5 mm
C 109 ' 33 nF, spacing 7.5 mm
C 110 : 2.2n F,spacinq7.5 mm
C 114. C 115 :0.1 \IF, spacing 7 5 mm
C 122: 10 nF, spacing 7.S mm
C 108, C 123 :Plastic foil trirnmer 30 pF,

Valvo : red

Ceramic disk capacitors '

C 103: 220 pF, spacing 5 mm
C 118 , C 120:100 pF, spacmq S mm
C 121, C 124:33 pF, spacinq 5 mm

Electrolytic capac itors :

C 104, C 107, C 111, C 112. C 116, C 119:
1.5 flF tantalum, spacing 5 mm
C1 05 ,C 106,C 117 '
10 !, F tantalum, spacing 5 mm
C 113: 100 flF/25 V aluminium, spacing 20 mm
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Fig. 13: Image 1

Fig. 14; Image 2

3.2. EKamples

Figures 13 and 14 show two examples 01colo ur
Tv -im aqes, unfortuna tely on ly in black and white.
The CO-imago comprises ye llow letters on a blue
background , with red colour su t1aces above li nd
below,

The call-sign imago gives the call-siqn in while lei ­
ters on a blue ba ckground. w ith va rious video tre­
qu ences below tOfdetermi ning the resolution in
black on while . as well as an eight-step cooor
scale w ith while on the left and black on the f igh t.

As you can ,mage. there is quite a lot of work invol·

,0<

'l ed in programming all 128 x 64 '" 6192 indiv idual
pixels, and to load these Into the EPROM! For th-s
reason , we would like to ment ion tha t the publis­
hers otter the possibility 01obll1ining a program­
med EPR OM from them. 11 is programmed as fol­
low s'
Image t : CO -imag e wil h yeuow ieners on blue
background .
Image 2: eight-step colour sca le with a white hori ­
zontal ba r lor subseql.Jently adding a call -sign: un­
der lhe ca ll-sign , th e black and white bars are pro­
vided for determ ining the resolution .
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Harald Braubach , DL 1 GBH

Directional Co uplers - Made to Measure

II was always dirficult for radio amateurs to con­
struct wideband direct ional couple rs having a low
coupling attenuatio n. Microstrip couplers me
OflSY to ma nufacture for those lh ,l t navesuch ca­
pabiliues . Howev er. tho rmnim um coupling ana­
nuanc n th at carl be obtained with a reasonable di­
rectional charactertsnc is in the order 0110 dB. On
the other hand. it is virtual ly impossible, using mi­
crostnp technology, to design 3 dB power divi­
ders. such as arc required whl:lll construc nnq
push·pu ll mixers ,Of tor feedrng cifcular-polMized
antennas. It is possible. ot course. whtll1usrng tn­
plate circuits for these values to be achieved.
however. the conductor lanes are then so thin that
II is tlatd ly possible to use them in conjunclron
wil h higher power levels Most radio amateurs do
nOI have the necessary machn cs to coosnocr
conventional directional couplers mechanically,
and do not have enough room lor occornrrcceurc
such large couplers

A good so lution for so lv ing th e problem of
nome-mace directional co upl ers is off~ed by
a product manufactured by Sage Laborato ries
Inc .: " Wireline M and ~Wi repac"_ II is pos sib le
using bolh these systems 10 c onsl ruc t direc­
lioll,1l couplers in the range 0 13 10 20 d B cou p­
ling attenuation in a frequency range 'ro m 50
MHz to 2.4 GHz. Wireline is the cheaper of tho
tw o and has a directivity 0120 dB. Wirepac has
a d irect ivi ty 0130 dB , but is cons iderably more
expensive , and is ther efor e not to be discus ­
sed here .

1.
FUNDAMENTALS

The Wireline type to be dosc:rihnd rs a llne dire c­
tional coup ler nnd co mprises Iwo coupled nnos as
shown in Figure 1, The COI lpling attcouation is
dependen t on frequency and achieves its rruru­
mum value at a coupling length of ~j" (sec Figure
21

Under matched conditions (Figure 3 ), the follo­
wing is valid:
II a signat with a power P, is fed 10 the input . a
JlOWel of P7 = P1 ~ PI X c will be present at R7•

and a power of P3 P l x c al R~ : where c coup­
ling factor.

In the case of an ideal directiona l coupler, R4 will
be powerless. since the dingonnlly opposite in­
puts arc occoopioc Irom another. III practice, n
power will be pres entthat is reduced to tho value
or tile directivity d

P4 ." P I xc xd (d = directivity)

acco rdingly

P3 P 1 X C ~P l x c x d

A lurther characteristic of dll echonal couplers is
thai the sign als 0 1the coupled outputs WIll have a
frequency-i ndependen t phase oarerence 0190" .

1 2

~---- - - -- - -- - --~
, \ I I

\ ' \ I)"- -' -----<-'\
3 4
Fig. 1: Dtrectlo na! coupler
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' 0~----~---~

I
l< ,"U

COU",,"

fr equency

Fig . 2: Coupling att enuation and insert ion loss
as a function of f requency

~~~-- -----~~

2.
CONSTRUCTION OF WIRELINE

There are five different versions which differ in the
typ e ot sc reeni ng and the max imum power ra­
tings. The internal construction is shown in

Fig . 3: Matched di rectional coupler

Fig ure 4 . The following Table 1 shows the most
important differences between the individual
types

Due to the coa xial type constructio n of the coup ­
ler, it is poss ible tor the two coupled outputs to be
provided on one side as shown in Fig ure 5. This
of fers several aova ntaccs for practical const ruc­
t ion.

OUTER JA CKET

c
1

[

r----
CO UPLED\<OU1PU T

f'flIMA~" I "
INSULATION 1 A.:B

"~; -~ 7 I t
~. PIl IMARY I 1

INSUL A.TlON I SH IELD

,rmEH JAO.ET

I ENGIH - ----} IISOI A.TUJ
OU TPUT

t

t anu QUTNT

Fig. 4:
Construct ion of Wlrellne

Typ H H8 ! HC J8 JCI

Schirm
,

Copper I CopperDoublefoi l Copper Copper
Table 1:

screen mesh lube mesh lube
Wil"9line designs

PmlW 100 100 100 200 200 Pm=mean power

P,IW 2000 2000 2000 2000 2000 Pp =peak value of the
power rating
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This results In the tolloWlng coupl er lenglh III our

e~ample :

From this qua rterw ave lrequC11Cy (t,) o ne tnen
calcul ates the leogth I of tne coupler as loIlow5 :

(3)

_ 2,338 em
4700 cm
2010,66

I = 4700 M Hz . ' em
f,(MHZ)

VHF-COMMUI\ICAt :QNS 4 114

!-@-d r- - -l RJ

,, J, ,, ,, •, •, ,, ,
• ,

R4 4' , 2 R2

Fig . 5: Coup.... 5howing the coupt.d
outplll' on one,ide

3.
CALCULATION OF THE COUPLERS

A 10dS coupler a l 435 MHz would ttlefetore havo
a length 0123 38 mm.

The follow ing will ' esul! at the values of for: '" 435
MHz and c _ 0.1:

3.1. Calc u l. t ion 01. Cou plet with. certain
Cou pling Anenuation al a cer1ain
Operating Freq uenc y

The lollow~ cala IS reqyired lor e e calculatIOn'
- ReqUIred cer tee Irequency tcple.9, 435 MHz)
- Rcq uired coupl.ng attenuat ion"" (e g 10 c6 ).

II is tirstly reeesse-y 10 COlw ert ee Ioga'lttlrnic
value of the COUpling atlenu.aliOf! "" Into the lonear
coupl ,ng factor c.

C - 10 "!' ~ (1)

In the case 01a 10 dB-cou pler, the loIlow ing re­
sults'

Ct:):l ll : 10 ' ~' IC. 10-1 = 0.1

This is fol lowed by calcu lallng tne frequency at
which a 3 dB coupling ISacn.evee Irom the opera­
ting frequency I:J¢' and t'1e co uphT'lg teeter of the
frequ ency Ie'

This is toncwec by calc ulating the COlJp ling lactor
(cl:

(4 )

• 470 M H.z
4700 MH z

10

.:.700 M Hz · em

I (em)

f' (10 , mj ·

In our example .

3.2. Calculation of the Coupling Att enUll tlon
01 any req uired Cou pler

The following data is reqUired lor ca lculation
- Length (1) of the coup ler 10 COl(e g . 10 em)
- Frequency (f ) at which the coupling attenuation

is 10be calculaled (e.q. 435 MHz)

Firstly l ind tho quarterwave lrequ ency (IJ of me
coupl er :

(2)v- (~)

;;;C;~9~0~'~4~3~5~M~H~'~7" 110 ' 1>" 35: ..

arc s.n j'" .. ( o .~·~ 1 )

• 2010.66 \IIMl

(51
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4
r- - -,1,

2 8,,,, f\,, -
I,

),
3 AL __J

Fig. 6: Compar ison
( betwee n a

Wire line co upler
and a
4/4 i. hyb rid

o

In ou r examp le:

. n)
sin

2
( 90 4; 0

. ( ' 35-·) -sin' 90
470

+ 1

0,4966

4.2. Use as a 3 d B Couple r

This results in a mult itude 01appticaticns of which
the most important are to be mentioned

The coupling attenuatio n (",J is now calculated
from til e coupl ing tactor :

ac ",, - -10 Iog c (6)

The fo llow ing w ill result in ou r example:

aOII OomU';1= - 10 log 0.490 0 = ~ 3 ,04 d R

4.
PRACTICAL APPLICATIONS OF
WIRELI NE
---- _ ._ - - - -

4.1. Use as a Di rection al Coupler

or course, the primary use of Wire line couplers is
tor dcto rrr ur unq the VSWR of antennas and other
consumers. The construction of vswn bridges is
not to be discuc;sed. smco it is well known. Tab le
2, however provides an aid for des igll ill(J a dite c­
t ional coupler for frequencies up to 43:; MH7.

Table 2: Direct ional coupler. lenqth I = 50 mm,
couplinq attenuat ion as a fu nction of frequency:

fI',I", I av os

3.5 I 44 ,66
7.0 3864

t 4.0 32 ,62
21 .0 29 . 10
28 .0 26 .61

145 ,0 12,64
435 0 5,13
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4_2.1, Feed in g 01Circutar-Potanzed Antennas

Since ti le coup led outputs always possess a
phase shift of 90" ( + 1") to another. it is ~asi ly pes ­
store to co ns truct d low-loss, wideband feed for
circular-polarized antennas (sec Figu re 7).

Directiona l couplers as shown in Hqum 5 have a
behaviour us a 4/4 ), hybrid (s~e Figure 6). A tl F·
voltaqe fed to I, or A, will be distr ibuted equally to
2 and 3, or C and D, Conne ction 4, or LJ , remains

dccoupled A tlF·volt<Jge ted 10 4, or R, will be
distr ibuted equally to 2 and 3, or C nno 0 In this
case, I . or A will remain oscoupicc

4 , , 2 1
I ,
I I
I I
I I

I
,

Ii I
1 3

L _ _ .....I

Fig . 7: Direct ional coupler fo r feeding
circ ular-polarized antennas
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SOil

r--,

.J: 4 , 2,
RF- in ,, ,,

I I 1
I

J,
I
I

-g SO ~
L

Fig . 6:
Circ ui t f or sw itch in g the
po lari zat ion 01 circ ular ant ennas

Connect ion 2 and 3, or 'C and 0, oavo n phase
shitt 0190' to ano lher (It-is will only be Ihe case at
the center rrequeocy of a 4/4 1, hybrid l ·

If, for Insta nce. an RF-signal is fed 10 1, and 4 is
lermlf'aled with50 Q. annciockwee, circular pola ­
nzatron w ilt result If. on the other h:lnd. 4 is fed
with me RF-vo~age, and 1 is terminated with
50 ~t clock wise. crcura- poterbatlon wi ll rosutt.
01 course, tnc actua l pola rization wnarso be de­
term ined by the phase pos it ion of the Individual
ante nna, Arl anticlockwise circular poraroenon
will be cnanceo to clockwise polanz ahon on rota­
ling the ph ase oose'on of one of me antennas by
t 80 ' .

4.2.2. c cn etructron of Push-Pull M ixer s

A IlJrther application of Wirelinc 3 dB couplers is
given in Ihe constuc uo n of ptJSh-ptJll rmxers
(Figure 9). A mecr constructed in thiSmanner wi tt

have a bandwidth of on e octave (frequency r;)IIO

12).

Fig. 9: Push·pu ll mixer with 3 dB c oupl et

"'-- IF

J

14 .
I
I
I
I
I
I

RF - 'OJ

LO- :01As can be seen , the polarusuon sWitching is 00­
wnere near as cr.ncet as when uSing convonnonar
coa x.at dolay line methods. and whore the swit ­
ching relay must be taken into cons ide ration in the
phase-stun calculation . In the case of the descri­
bed type of feeding . the relay is placed in front of
the phase-shift 3 dB cocprer (FIgure 8), Anention
must only be ce'c thai the lengths ot n-e antenna
feeders are dentrcaf. The termi nating resistors
socuc have a rannq of one l OOtn of the transmit
power il the er-tenna mat ch,ng S9000,
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4, ,
I ,
I ,
I I
I I

I
,,

in 1
, , 3

r--

Out

Fig. 10:
WideQ ;lnd . mpllfler
....Jth directional coupler

4.2.3. Con structi o n Of Wldeband Power
Amplifier s

At higher Jrequeocios. it rs diff icu lt to connect
wideband amp lifiers in parallel to achieve Iligh er
power levels. In most C.1$C$. 4/4 I. hybrids are

used , This moa ns Ilia! it is possibtn In use Wire­
line 3 dlj-couplers here. whic l l also have the ad·
vanta qe of be ing much smalle r (Figure 10)

4.3. Table of the Most Co mmo n Couplers

Tab le 3' f/MH.l I 3 dB 6 dB 10 dS 20 dSI
Coupling length as a funC1IOO of

3.5 too long soc loog looloog 660 mm
coupling ane nuanon eno frequency

7.0 100 loog 100 long 100 IoI"lQ 430 mm
14.0 100 long too loog 726 mm 2 15 mm
21.0 too long '60 mm 484 mm 143 mm
28,0 100 long 660 mm 363 mm 101,5mm

145.0 324 m m 127.5 rmn 70 ,1 mill 20 ,7 rnm

435 0 108 m m

I
42.5 mm 23,4 mrn 100 short

t 275 ,0 36.9 mrn too short I too short 10 0 Short
2350,0 20.0 mm too short I too sf-crt too Short

5.
MANUFACTURER-AVAILABILITY
OF WIRELINE AND
DESIGN PROGRAMS

Wireline is C1vaiLable from 5.1g0 t aoorarcdes Inc.
or Irom Wacker althe addre ss given below .

Since Ihe manufacturers will probably nol supply
the short lengths required by radio arnarows. the
publishers will consider stocKing a certain quanti­
ty of such wnenne if sufficie nt Interes t is shown.

210

Please . inform us il you wou ld like to purchase
suc h Wireline ; the pnce s arc qrven in Ult! kil price ­
list

5.1. Program

A German com pany has a basic program tor the
TRS-80 M III lo r the design of such coop ers. We
would like 10 suggest thai ir acrosieo readers coo­
tact this company d" t'Ctly. The address is as
toncws:
Firma Wacker GmbH, Gruneb urgweg 85,
D 6000 FranKfurt 1iW esi Germany.
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Joachim Kestler. OK 1 OF

PLL Oscillators with Delay Lines

Part I : Fundame ntals

The problem 01constructIng stable VFOs is as
old as amateur radi o itse ll . In the past. one
tr ied to stabilize oscillator ci rcuits equipped
wit h tube s by temperature compensation and
by u sing SOlidmechanical cons truction : no w­
adays. it is mainly d igital techniques tha t are
used to r freque ncy stabil iza tion (DAFC. PLL­
synthesizers. etc.).

As long as necue-cvcanes are asocetec10 rad 0

amateurs . arc rot teeo channels as Wltrl orncr
services . there will always be ire cesrre to ruee
over 11e band at course. as ta- as repeaters and
FM-commur> ocat ons are ccoce-oec. certain
cbenr-cts have been agreed lor 1I1e VHF And UHF
amateur banes

II wou'd seem that an ana 09 tuning system IS
most tavoraoe to satisfy me desire 10 tune over
me ';land Sy"t hesizers a-e onv sudabre il Uley
can be switc-red in suHicienl ly small steps (max.
10 Hz lor SSB,RTTYlCW applications)

An interesting 501uI;011 ot the problem a! stable
analog frequency luning was used by the manu­
Iacturer Karl Braun m his VHF-transceiver
SE·400, Ir this concept. a PAL'delay line was
used as "frequ ency standard", which then auow­
ed the dr ift 01 a veractor-tuo oc OSCi llator to be
pract ically ermeateo . Such cec u.ts can 00 easily
constructed and designed lor virtually all trequen­
cy ranges (even for HF): the few special compo­
nents that are required are availab le. and are not
tooexpens-ve.

1.
PRINCIPLE OF A PLL-{)SCI LLATOR
EQUIPPED WITH A DELAY U NE

- - - -

Figure 1 shows the blodo: di<tgrs'll at a simple
Pt.t-syntnes zer, which allOWS me theory of
operation to be seen easily . The v<tractor·luned
oscillator · ve O" operates In tbe requeed output
frequency lange to' ThiSIrequency is divided by N
in a variable trequency diVIder and comp arod 10 a
crystal-controlled reterenee Irequency I,.. in a
phase comparator circuit The veo is tuned via a

Frequency
fret selec tion

Fig. 1: PLL-synlhesizer
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I--~-_{- to

Frequency setect im

Input

Outpu t

a

I n~ u t

b

Jl'---__
---+-- IL

- ,, - - - -

- -I\v
Fig. 2: PLL-osci llator equipped w ith a delay lino

roepess hiler, which ISrespons oo for the statl ility
cute ccrwor loop , unnr f",N t'elis vane The OUI­
put frequency of the cirCUit can be C;:llculaled as

10 , N x l,e '

II one wishes to make sman trecuencv steps. it is
necessary for f'cl 10 be a very lOw trc cuercy. tor
example 10 Hz, wt ncn. on the other hard. is a
disadvantage, since the comrollcop wi ll req uire a
long period 10 lock in afte r each frequency chan­
ge Secondly. sron term frequency variations 01
the veo, for inst;J.nCl:ldue 10 mi<:rophonic effects,
w ill not bo cancelled. Further more. the division
recto r N wi ll be very large when usmq a low I" 'f'
which. in turn, will mea n lh m ono will req uire an
extensive number 01cou nte r components

IIono wishes toopefate such 11 IJcquoncy svome­
sil er with the aid ot a rotar y luning control (analog
operali ng technique), one wi ll require additronat
compo nents such as a eonco disk with two pho ­
tocell systems and 11 up/down counter. A furt her
disndvantaqe of this type ot circuit is the presence
otlow-treq uency. steep imp ulses, whose harmo­
nic spectrum can cause a number 01 unwanted
signals in the rece iver . especially whe n insu~i ­

cent screen ing is orovcec. and lead to spuriou s
transmiss ions in the case of a transmitter.

212

F;g, 3:0 pe,al lon ol lhe delay line as a function 01
lime

1he simplest to-m 01delay-tine PLL-osc lIalOr!, is
gIven in Fig ure 2 The req uired outout -recoency
10 is also genera ted uSIng 11 va racto r-tunec veo:
this frequ ency is 100 firstly viat're c etev tine "DL",
and scconc nv via a variable phase shlll e' to the
phase comparat or , The poaso st ut te r is firstly to
oe con sidered ns a black box with two conx'al
connectors tor inpu t anc output that ra equpped
with a ro tary ' requency tunir g «r-ob. The phase
stnft between it-put and output Signal shoorc be
selected by rotat ng the tuning Knob. t2 o'clock =
= 0 ', 3 o'clo ck = 90 . (> o c'ock = 180·, ano
9 o'clock = 270 ', and thls is independer-t ctiro
frequency.

Som~ i<.now ledge of the cnaractonsucs ot l '1e
delay line is now necessary in order to unde rstand
l "le operation or Ihe cuc urt. I! a short mouse .s fed
to tne input (see Fig ure 3 3 ). this w i'l appear at -ne
output delayed to the value 01 lbe oe.ay lime ;,.
Th is delay time has been hxed by t-ie ma nu-acta­
rer otme delay line, and is ve'y constant, -n otoer
words, indepenoent of aging and te mperature, In
the case 01 c elay iines fCf PAL -co lou r TV recei­
vers , this a mounts to one period o: :he line f-e­
quency, Which is 64 us . Further deta ils reqardmq
the construction and original ap plicat ion can be
studi ed elsewhere,
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If a sine wave voltage is fed to the input (see Fig u­
re 3b) , this will be seen at file output also d elayed
to the value 01'.I. The tollowinq equation is valid
tor Ihe phase pc saic n belwee n input Ilnd output
sign al :

~ DL -36O"x t.lx fo ( \ )

The phas e angle is therefore pmportional to tile
frequency , (see Figure 4a). Physk;ally speaking,
il does not make any difference wheth er the two
oscillation s exttibil a phase ditteronco ot, tor in­
stance. 10 ' or 370'; one can ignore inteqer mult ip­
les 01360 ". The phase response of the delay line
can teo reto-e be given a s shown in Figure 4b

The phase comparator staqc tunes the veo in
the same manner as with a Pl L -synthesizer so
that the phase dille.-ence of the signals is zero at
the inpu t. This difference is :

'\ \1' 'I'Dl - 'I'd = 36 0" Xtd )(10 - 't d 0 {2}

where tid is the phase selected with the aid of the
vartatno p hase shifter.

The fOllowi rlg is Ihus val id for the outp ut Irequen­

"I'
'0 = '1<t'"36O' x 11\l (3)

Flg.4a

OK 10F

Fig. 41>

Fig . 4:Efle ct of the delay line as a funct ion
of f requency

Th is means that U1El tuning is unoar to til l:' knob of
the phase ~hi fter:

A comp lete revolu tion cor responds to a t-equeocy

ch,10900' 1/64 I' s '" 15 .625 kHz .

Th e advant<lga of Ihl~ co ncept can now be seen
clearly:
A co r emuous luning is possible; the orlly freq uen·
cy involved is tho required frequ ency itse!1, which
me ans that no pro blems are encountered with
spurious waves or interfering harmon ic spectra
the o wpass filter in the contro l loop ca n 00 de­
signed so th at Il ny hum or mtcropbomc effects ot
the veo can be conirol led easily . ,nod coewitl not
req uire ,my gearing for the tuning knob.

o r cou rse . ' hero are some disadvantage s, and
these sho Uld nut be ignored
On switc hirtg on , ono does notknow in advance ,II
which po sition ct the freq uency range the cecon
wi ll lock in: 11 total o f 64 lock ing points are possnbto
pe r MHL, which means that it is adv isable to pro­
vide a frequ oocy counter as frequency readout
For simple eppuc anons. it would be po ssible to
use the tuning voltage of the veo a!"!d to d isplay
Ihis Otl a me ier, whose sca le has been calibra ted
in MHz . In. lhe case of a PLL-syt1thes iZElr. the
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Fig. 5:ln '..-tion I~$ 01adelay linemeasured with
Ro " Rl .. 50 Ohm; P,~ " - 13 d Bm

noise of lhe amplifying comporems remains low
with respec t '0lhe required sign al. Otherwise ,
the output Signal will possess a noise noor
(wroaband AM). The uee ot lowest nois e comoo­

"r ents is very adv isable (even in tho stages di­
rectly subsequent to the osc illato r circu it),

• The tun ing range of the VCO shou ld not be
much greater than abso lute ly necessary since
the lnavoid able interference AC-vo ltage at the
tuning input (hum , noise) wi ll gen erate FM noise
spec tra that increases on increasing the tre­
quency range 10 be co vered , It such a large Ire­
Quency range ISto be covered. it is advisab le for
it to be divided over sev eral VCOS - each With a
smallc l lUning la flgC - in ooer io solve this pro­
blem.

2.2, Delay Une

Only nose 01the various electrical Characteristics
cure delay l ille are 10 be stud ied here that are of
interest for their use in the delay line Pu.-oscua­
tor . The phase rela tionships between input and
output siq nal were already discusse d in the pre­
vious section. The amplitude response as a tunc­
l ion of frequency is very important for practical
applica tions. A typical passband curv e ot a de lay
line is giv en ill Figure 5 It wil l be seen that the
component posse sses an insertion loss of
app rox 10 dB. wi th a minimum attenuation at
appro~imatel y 4 MHz (PAL-colo ur subc.-"Irli cr:

, oKiQFl
1- -

i

" r-,
- - - - c_ . - _1__

, '\1-
i l +-

,
-- j -

- - - -
i
I

phase comoerator is used fOI l requency compari­
son. This means mar any phase error caused by
ag ing will nOIcause any variation 01the output fre­
que ncy (rapid variat ions wi ll cause phase noise,
in other words sideba nds) In the case 01a delay
line PLL-oscillator, on the other hand , a phase
error w ill have an cttect on the output frequency :

.'\ In = L\'!,/360" x 1/td (4)

Measurements carried out on a few experimental
prototypes showed that the transcien t dr ift at an
output frcq uet'1cy 015 MHz was less than 100 Hz
ill the fil sl len minutes. after which a value of
10 Hzlh oul was measorec 00 a frequ ency coun­
ter synchlonized to the frequency standard trans­
mission UCF77 .

a.
COMPONENTS OF A
DELAY LINE PLL OSCILLATOR

2.1. The VCO

Th e quality 01a Signal source is mainly dependent
on the characteristics at the actua l osc illator cir­
cu it ; in this respec t. the delay line osc illator will
have a s,mllar behav iour to all PlL-circui ts It is
ou tside the scopeof this emce to go into compli­
careo lundamo nl.1ts and special circuitry,
howeve r, scvomt Important po ints sho uld be
ment ioned :

• The mos l impo rtant partat an osc illalor circu it is
meresoneorCIICUII. The high er the Q-faclor, me
highm will be lhe short-te rm stabi lity (phase
noise, FM-sidebands)_M ention sho uld be paid
tha t the Q 01 tho circuit is not deteriorated more
than necessary by the connected components
(FET , varactordiode. outp ut coupling) .

• The active elements should not be driven into
saturation, since they wou ld then exhibit unde­
fined input and output impedances , which could
dampe n the reson ant circuit. Th is can be
avoide d us ing an automat ic level control;
furt hermore. Ihis also allows one to ob tain a
clean emeweveoutput signa l.

• The signal level wi lhin tile oscillator should,
however, also not be too low, so that tile inil insic
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4.43 MHz ) The ove rall loss is less than 30 dB in a
freq uency range between 2 and 7 MHz. This
means that it is only this range that is of inte rest for
the described applicat ion, For other frequency
ranges. it is necessary to car ry out frequency con­
ve tson aeesor frequency division o r mul tiplica­
tion. Fonneroeraes regarding this are to be given
tater.

Fig,6:Variable phase shift er using a variable
capacit or

Fig. 7: Variable phase shifter using varaeto r diod es
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Such variable capac itors 11m diff icult to obtain
nowadays and are usually only used In tran s­
mute-s. Fig ure 7 sho ws how it is po ssible to re­
praco sucn variable cap acitor s as shown in
Figure 6 by varactor diodes. As can be seen, the
"ro tor" (intersect,on bet ween 0 1 and 0 2, or 0 3
and 0 'I ) is grounded with ' aspect to RF via the by.
pass capacit ors CA, which is the reason why the
outpu t of the cecon is connected 10 the lap on T r.
Both pa irs of diodes D 1 and 0 2, or 0 3 and 0 4,
are prov ided with a common . fixed bias vortaqe
Ub in order \0 ensure thai the s um otmo luning
vonaocs is constant lor both pairs, It is pos sible
using ti le contr ol voltages U, and U~ lor the
vo ttage component s 01 the diode pairs to be
varied in the same man ner as with the vanablo ca­
paot or

2.3. The Variab le Phase Shifter

Such a device was used many years ago lor
dirl:tCliOn-lind'ng applicali ons and was called
"Goniometer", which is derived from the Greek
word -cooos'' '" angle It con sisted of a pair 01

fixed mcuctancos and a lurther pair that could be
rotated through 360' . When using a suitab'e me­
coancor co nstruction, it was possible for the
ph ase pos ition 01 the voltage induced into one
pair 01coils to be proportional to Ihe angle when
ccm pa.ed to the phase ot the current ted to me
other pair orcors Such an arrangement would be
of use hero . oufcor.structional probl ems would be
di Hlcu~ 10 solve . This means that a commercially
available version would be advisable.

II one sueaos Figure 6 in this respect. ono will see
tha t a RF-translormer Tr is shown. The input vet­
taqe Ui" is fed to tho prima ry winding of th is trans­
form er, "rhe conto r tao of the secondary winding is
grounded so that a vo ltage is present at the upp er

eno (po int A) mat is in phase with U," (If ' '" O''l : tho
vo ltage at tho other end of the wil'ding (poin t B) is
of oooosuo pr-ase 10 U " (ll = 180'').T I1o capaci­
tors and resrstors C and R are soiccreo so tner a
voltage with apr-ase shiff 019O";s presen t at po in t
D. and one 01270. at poot C (when referred to A ).
These four voltages are fed to the stator plates 01
a variabl e capaci tor (without stops), and the roto r
is connected to the output 01 the ci rcuit If is now
poss ible by rotating the rotor to select any requi­
red phase angle (0' 10n x 360°) betwee n input and
output Vo ltage ,

"kot- roto rs and Shafts ot variable capacit ors are
not advisable, Since they carry nr-vcneces.
How ever, It is possible lo r the rotor ot the variable
capaci tor to be grOlinded , if tne cen ter tap 01 the
secondary wnding of the transformer is used as
ou tpu t 0 1 the c rcun The actual opera tion 01 the
module will not be changed due to this.
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Fig . 8: B ias voltages U, and U, as a funct ion of angle

red) , The connections to the tun ing potentiometer
on the fron t panel or ly carry DC-vOltages and are
the refore unc ritical.

A further advantage is also to be mentioned' It rs
possible to obtain the tuning voltages U, and U~

from a digital-analog cor-verier (DAC) instead 01
from an anqle -coder. This, In turn, can be control­
led by a compu ter so that it is possib'e lor certain
siqn a-s to be 'oennuco in progra mmable i re­
quency ranges, logged, and If necessary answe ­
red , without the necessity ot an operator,

Later art icles in this series are to co scnbc an
interlace circuit with which a oresetectec . ncmma
frequency value can be compared contin uously to
tile actual va'u e provided by a counter , and cor­
rected with the aid 01DiA·co flvc rtc rs,

2.4. Phase Sh ifter and Lo w pass Fil fer

These last two modules (see block d.ecram in
Figure 2) are now to be discussed . In the case of a
Ptj-svnthescer. phase detoctor circuits are re­
quired that ope rate as frequency discriminators et
rc rqe deviations between nominal and actual tre­
que ncy (rapidly charging phase difference), in
order to det ermine the direction of the tuning pro­
cess (too high/too low), These c'rc u.ts evaluate
the time pos itions of the zero passes 01reference
and divided actua l frequency (edge-tr'ggered flip­
uops t. Such circ uits are. in principle. sens itive to
lnterterertce: espeoauv in locked-in condition
(phase difference at the input = 0). it 1'1 111be tourc

Fig . 9: Sin e-cos ine po tentiometer
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Figu re 8 shows how these controrvonnqcs rnust
be ocoenoe nt on the ang le ot the tuning contro l.
One will not ice the smowave cnarecrensuc of U.
and the cosine function of U? At first this seems
to be difficult to achieve. fortunately it is not So­
called sine-cosine potentiomete rs are ava ilable
011 the market. whieh arc used to obtain analog
data ot rotary movements, in contrast to dig'tal
angle-coders usinq slotted disks enc photocells,
Required is a potentio meter wilh two taps which
are shifted by gO' 10another. and Which does not
possess stops (Fig. 9). The dropper resistors Rd
dete rmine the minimum or maximum va'ues ot U,
and U2 These Values are dependent on the va­
rector diodes used - as is U,_

As can be seen , it is possible to sepa rate the
phase shifter and me cont rol easily when using
varactor diodes - this wou ld not be possible when
using a variable capac ito r. This means that if is
possible 10 locate the phase shifter in a more fa­
vorab le position RF-wise in the VFO and to pro­
vide optimum screen ing (no funing shaft is requt-
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that the o utput magn itude (pu lse train) is depen­
dent on statistic processes. that is by chance.
This prob lem is usua lly reduced by se lecting the
cuto ff freq uency ot the subsequent lowpass filter
to be low enough to avera ge outthe "er rors" in the

time plane . Howeve r. this causes til e control loop
to be slug gish, which means that the VCO can
somet imes trip rnto short -term instability unt il th is
is not iced by the control circu it. and it can be slow­
ly con trolled back to the nom ina l frequen cy. The
sho rt-te rm instnbility problems (noise cnaractcn­
stcs) of s uch Pl.Lcircuits are som etimes difficu lt
to solve

In the case of the ooray line Pt.L-osonator, no
such prob lems are to be expected. Since the fre­
quencies of the Iwo input signals of the phase de­
rector :'IfC cquc t (since they ortomatc from the
same source , the VCO) . il is poss ible 10 use " true"
phase discriminators in our applicat ion, whe re the
outpu t signa l is not depend ent on the unreliable
time of a switchinq slope. Such a cir cuit is, for in­

stance. an analog multipli er. whose output signal
is proportional 10 the input mag nitude . In this
case . in furrnal ion regarding the vonaqe beha­
viou r during the whole signal period is processed
Such a system npc ratos continuously , and it is
therefore difficult for it to be inter fered with by
short-term fluctuations (no ise).

r - - - - - - - - - - - - - - - - - -~

~
: " f~"- :f,, _ _ )- DL' -------( -_ Uo
, "
: i I
I ,'fl, I
: - 1 Phase shlfrer ~ :

, 'L J

u,

It is the task of th e phase comparato r circ uit 10
prov ide a DC-voltage, whose val ue is propo rtio­
nal to the phase difference of the input signals.
The first input vol tage originates from the phase
shifter; its phase is adjustabie, but is constant in
the t ime plane, and frequency-independent. The
seco nd input is provided with a signal f rom the
output ot the de lay line. whose phas e response is
propo rtional to the input frequency 'o- as pre ­
viously mentioned. What are the characteristics
of the requ ired cir cuit comprising delay line, pha­
se shifter, and pha se detector?

It must be some kind of frequency otsc nrnmntor
since its inpu t mag nitude is a frequency (fol and
its output signal is a Du-vcnaqe (Un). As call be
seen in Fig ure 10, the output vo ltage Uo provides
a tnan quto r fun ction as a funct ion of the input trc­

quency fo. The curve can be shilled in hurtzonlal
direction by rotat ing the tuning knob of the phase
shifte r. One complete revo lution cor respo nds to a
triangular period. thus to 1/6 4115 = 15 .625 kHL.

Such a ci rcuit would also be suitn hlc as Flvl-de ­

modulator . but only for very low frequency devia­
tion values, since th e wh ole spectrum (2 x fre ­
fl uency dev iat ion ' 2 x max. AF) mu st be ac­

co mm oatec on one slope (7.8 125 kHL).

Fig. t oe

Fig. lOb

Icck-n
• ~ point

_ .1... _
t

1, -- Fig. 10: Circui t compris ing de lay
line, phase sh ift er. phase
detec tor

217



~ ~V"~'~·CO""M~M"'U"lICAT IONS .1;,84

In order to obtain an optimum design otmeoveren
co ntrol loop. il is important to know the dynamic
beh aviour in addition 10 lhe steuc characteristics
01 the previously mentioned co mbinat ion (Fig ,
l Ob): in oth er words. the pericdtc varia tion 01the
output magnitude according to amplitude and
phase lor a given var iation ollho Input magn itude
In orde r to exarmne thi s ques tion . lei us con ned
the input of the cirCUli show n in Figure l Oa 10 the
output ot a frequency-modulated signal Genera­
tor. The cen ter Ireq uency is adjusted so that an
output voltage 01 Uo '= U", results. I ~ Ihe signal
genc ra tOf is modulated w ith an audio Irequency
(low deviation . as mentioned abovel). the oe mo­
duratec signal wil! appear as an alte rnating voua­
ge at the output of tile circuit.

Figure 11 shows the frequency response of the
CircUit accororq to amplilude (Uo) and phase ('il

as a function of the modulation freqcencv I.... .
which rep res ents II'.e -varencn soeeo- 01 the Ire­
que ncy fo As one can see . meampl.tude is con­
sta- nat freq uencies below approxlm ate.y 7 kHz,
and the phase shift is less :l1IJ.n 90' : the maximum
po ssible bandwidth 01the phase control circu-t is
determ ine d by these vetoes. AI a ' recuency 01
1" <1- and mun.oies. an attenuation pole Uc -O w ,1I
Jesuit.

In contro l techno.oqy. one often use s the "ju mp
reply " lor ct.aractc rtz.nq tne beh aviour of 11 circu it
comprisi ng control. con tro l path. or ccr-uor lin k
This is ac hieved by prov iding a Sl9n3l 10the 'nput
0 1 me crcuit 10 De examin ed thai jumps by a tow
value at umc to (Figure 12). and examinmq the
output behaviour 0 ' the ouipvt magnitude, It Will
be noncsd tha t the ou tput sig nal increases linear­
ly with t,mo lor 64 us ( = t,,) \;ntll tne "stored"
period has bee n passed , a'ter wards the re18110n­
st aps art; consta-t again. Tne vone qe variation
.\ Uo ISproporti ona l to the va lue of the trecoen cv
jump .\ 1) a t the input.

J
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Fig. 11 :Transil10n lunction according to amplitude
and phase Fig. 12: Jump ,eply
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Fig. 13: PI-control as:lowpass l ilter

The rowpass filler given in Figure 2 has the task of
stab'liz.nq uie centro! circuit, wh ich me ans that it

should provide an op timu m amplilude and pnasc
respo nse over the frequency range. A so-called
Pl-c outrol as sho wn in Figure 13 is sun ebc The
vaues 01 R, and C are responsible tortne 'ntegra­
non a-nc cor-star-t (r = R, x C) : the proportiona l
gain K = R;>/R, ensu res tnet the con tro l C<1n react
quic kly to small dev iations. As is 10 be shown
later, the cor-tro t loop CC1n be desig ned so tha t
interference signa ls of less than ap proxrmataiy
3 kHz (hum, noise, microphonics) can be control­
led. w horoas the vce will exc lusively dete rmine
the Quality of the ge nerated Signal at highe r trc ­

c uencres .

3.
OTHER FREQUENCY RANGES

As prevrocsfv mor-uonoo. the "onqma! ve rsion " of
the c ela v lir-e rt. t .-oscma'or snow n n Figure 2
can only be used in t-e frequency range in wt ucn
the insertion '0% of the c eray lir e -emams sutt.,
cient ly low If the concept is to be used lor higher
frequencies , it is pcssce for freot.ency division 10
be used, Semiconducto r manutacturcrs error sui­
taole ICs wt-icn can operate up into the GHz"
ra'1£e, Fig ure 14 S1CWS a onncipre of construe ­
1on with the aid of a practica l application : An oscil­
lator s qnal of 100 to 200 MHz is requ.rec lo r a
signal generato r Of tece ver. Tne vee .s abte to
pre-ice thes e frequencies: ns outp ut signa l is divi­
ceo by taco- 32 so tha- a pe riod 013 12510 6.25
MHz res ults. with wh ich the delay line can ope ra­
te A ranqe 0132 x 15,625 :"Hz = 50 0 kl-iz is tuned

per revo lution 01 the frequ enc y control. Th e fre­
quency div ider can also be used for driving the re­
quired frequency coun ter.

Th e bloc k diagram of a receiver fo r the 2m arna ­
leu r band is shown in Figure 15. The requ ired os ­
cillator s.qna ! is gene rated in a veo. and fed to
tne receive mixer. Furthe rmo re. it is also fed to a
second mixer whe re it is mixed with a fixed tre­
quency ot 131 MHz (lor instance from a crystal os­
cillator 65 .5 MHz and dou bler) , The resu lting dil ­
te rence frequency ot 4 10 6 MHz ca n now be pro­
cessed as prev ious ly de scribed. This shows th a t
it is el isa poss ib le to increase the range of t il e de­
Iely line PLL -05CillC1tor by frequency conversion.

Th is series of art ic les is to be continued in the next
ed itions of VHF COMMUNICATIO NS with the fol­
lowing des cript ions :

. A VFO trom 5 10 6 MHz (or iginal oscillator as
shown in Figure 2), as a urst ste p into th is tech ­
nique ; the PC-board de scribed th ere can be
used for the othe r const ructional art icles .

• Rec eive mixer tor 144-1 46 MHz with high -level
mixe r and low-noise oscilla to r acco romq to
DJ7VY,

. Short wave receiver for 10 kH7 ~ 32 MH7 with
high- level rmxer . and preselector (sing le-con ­
vers ion sup erhet w ith 10.7 MHz or 9 MH l IF)

• Ptescaler modu le for inpuf freq uencies up to
200 MHz (universal ap plication. e.g. to r measu ­
ring applications) ,

• Programmable frequency counter i6 -digit) , con­
structec using inexpensive CMOS-ch ips with ­
out spe cial compo nen ts

• Interlace boa rd for digital frequency selection
L;sing numerica l sw itches or computer con trol.
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For many readers. this article descr ibing I'll) ton­
damf) ntil ls of this tschmqoc may seem to be
bor ing. However, the author would like to under­
line that he wishes to provide mcontves fOf ex-

Fig , 15:E ..-lending the l req uerocy range us ing
frequency conv ers ion

penmentanon , and not only to describe prove n
rtc siqns. Th.s. 01course , reco.res II certain mini­
rnurn 0 1 ttiooroncat background. The oractcer
construction art.cles are to be commenced In the
next ccaon .
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Friedrich Krug, DJ 3 RV

A 10 MHz Timebase Clock
for Frequency Counters,
complete with a PLL for DCF77

If one attempt s to measure the fr equency of a
RF-signal exactly us ing a number of diH erenl
frequency cou nters. one w ill experielt(:8 that a
num ber 01 diffe ren1 measured va lues will be
obtained due to lhe tact that the tlmebase
c locks u suall y d iff er from the nominal Ire­
q l)('flCY. For this rea son, the author deveklped
a 10 MHz standa rd fortesting and ali gn ing the
ti mebase cloc ks of frequency cou nters. The
fr eq l)('flc y is co upled to the 6.2 MHz signal
fr om the DCF77 rece iver , descr ibed in Ed it ion
284 of VHF COMMUNICAllONS (11. with the
aid of a pnase-tocked loop. This pr ov ides a
su ff icient ly accurale standard.

ThOcloc k cscueror of a digita l frequency couoicr
should osci llate exact ly at the nominal frequency .
and possess a qoodlooq-term stEllJjlity, since any
deviation will cause a corrcspondingly large rela­
tive error 01the readout For th is reason, a high­
quality oscillator is requi red such as a tempera­
ture-compensated crystal oscillator (TCXO), or
even better an oven-controlled crystal oscmetcr

(OC XO).

In order to compensate for the long-term drift 01

l he frequency oueio Elging, it is advisable 10 use a
coouo rcl rcuillhal is derived 1rom a staooaro Ire­
quency.

When US'"9 the DCF77 receiver~scnbed In (1I .

a referen ce signa l will be available with which
such a 1requency com rot can be made with reran­
vely simple means,

The described module uses an available cscua­
tor, i.e . a temperature-compensated 10 MH:l cry­
stal oscillator (TCXOl. wilh a capacil ive l ine Ire ­
qooncy alignmenl This osc illator represen ts a
good clod<. even wtlen it IS not connoacc Thls
means.that it provides a very ecce-ate frequency
standa rd evCft lIthe DCF77 transml ttef should go
oft the ae.
The l rc quency coonor is made Ilia a phase -locked
loop {PLL). Ei1her the 6.2 MHz sigl1al, or the 3.1
MHz signal from the DCF77 recover IS used as
rele rence signal

Since the modu l@ ls to be used as a clockfor digi ­
tal c ircuits. the 10 MHz output signal provided al
the outp ut is at TTL-level. It can be divided down
to 1 Hz using cccaoo dividers, Any decade fre­
quencies Irom 10 MHz lo 1 Hz , arid mtar medrate
values of 5 MHt , 500 kHz., etc down fa 5 Hz are
available by using ..,.5 and + 2-dividers. Thi s
makes the clock also suitable tor other appuca­
tons.

Due 10the poss ibility of reselling the six lcw er tre­
quency divider decades. it is easily pos sible10 ge­
nerate lhe required sWtichirrg and contro l signals
lor a digita l counter.
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VHF::COMMUNICATIONS 4..'64 _

1.
CIRCUIT DESCRIPTION

As can be seen in the circuit dtaqmrn given in
Figure 1, a tempe rature-compen sated crystal os ­
cillator (TC XO) provides the require d 10 MHz ­
SH)nat whose freque ncy can be pulled using a
varrablecap actance. According to fhe manufac­
torer. this capacaarc e of 27 pF comp rises a fixed
caoeotance. a 10 pF-l rimmcr tor li ne alignme nt.
and tile va racto r diode 0 1 for freq uency control.

The freque ncy control using the phase compara­
tor 12 is similar to that used in modu le DJ3RVQ07
(1) . Th e 10 MHz output signa l at the TCX O is ted
via buffer ampl ilier T 1 and an un pcdarce conver­
Il:!l to level converter T 3 (CM OS-level) , and then
diVided in I 2. The l requency ovrso n tac tor
amo unts \0 100 , which is p10grammed by coenec­
ling pms 10 and 11 10 "high".

The 6 .2 MHz rstorcnce signal from mod ule
DJ3n V 00 7 is fed to con nection Pt803 , and ampli­
fied to CMOS-level in T 4 and T 5. lnteqrated cir­
cuit 13 and the second proq raroma ble divider in 12
divide this signal by 62 and reed It to the phase
comparator.

Unlo rtunately. if was tound lhal nol all CMOS­
dlVldCls operated well at 6 ,2 MHz. For lhis rea-

son . l he next secuon is to sl udy the possibtllty of
injec ting a 3.1 MHz sig nal, and todivide thi s by 31 .

The phase compa rator operates at 100 kHz ; the
contro l gigl la l is available at the tn-state output I
2i pin 13. With the aid 01sw itch 11, it is possible for
lt1is signal to be swifched otf whe n DCF77 is not
transmitting , The switching voltage is fed 10
P1802, and is also supplied by mod ule DJ3RV
007, In Ihis case, a very st<lb le vo llag c of 5 V will
be prese nt 0.1diode D 1 which is fed to Pt804 also
I rom tho DJ3 RV D07-module.

The 10 MH z signal is amplified in T 1 and T 2 and
is coupled out at TTL-level at PfB05, The divide r
I 5 dividEl !! by 2 and 5 so that a 0 MHz-sign<11is
ava ilable at Pt806. and a I MHz-signal at ptaD?,

A further divide r chain is available 0 0 tile bo ard
that comprises six decadic divider s. which means
mar sig nals down to I Hz am avail<lble . ThiS divi ­
de r chai n can be reset, nozco. and started in a ce­
l ined rnenner. It is fhus po ssible tor mo conner
siqnals to be generated for a troquc r cy counter.

2.
CONSTRUCTION

The cifcu it is accomodated on a singlo· co ated
PC-board (OJ3RV (08), whinh is enclosed in a
me tal box of 74 x 148 x 50 mm (see Figure 2).

Fig . 2:Pho loglap h 01the .....thol'. prolo lype OSCilliJlor module OJ 3 RV 008
Th. Ie . in the PLl. shoUld " . OIde ,OO into place,
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The joceuco ctme components call be soon ill
me componenl location plan givell in Flgu,e 3,

. The special components are gillen in the 1ollowing
components list·

224

Components U st lo r DJ 3RV 008

T 1 10 T 5: 2N5179jRCAj or similar UHF­
transistor, e.g BFX 89. BFY 90

11: 4066 B (RCA elc .)
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12:
13:
14:
15:
16 to 18:
D 1:
D2:
TCXO:

MC 14568 B (Motorola)
MC 14526 B (Motorola etc.)
7404 (TI etc.j
74LS90 (TI etc.]
74LS390 (TI etc)
BB 505 G (Siemens etc .)
1N41 51 or similar
Tempera tu re-com pensated crysta l
osc illatorTEKO 10 000 kHz, Philips,
Orde r-No.4322 191 0000 1

Trimmer: 10 pF ou-spacec trimmer. Johanson,
type 5200

Some CMOS -circuits 12 and 13 will not be able to
divide the 6.2 MHz signa l by 62 , which mcon srtmt
it is necessary tu use a retcrc occ rrcqucncy ot 3.1
MHz . In order to do this, it is necessary lor diodes
o 1\ and 0 5, as we ll as the filter comprising L ?
and the capacitor uf 100 pF to be removed trom
the r'c -toarc DJ3RV OO7, as shown in Fig ure 4a ,
and be replaced by a wire br idge. The output si­
glial at Pt 711 is then no long er stno wavo, but
slighl ly limiled.

'00 DJ3RV007
210 L1 n1

I - II Q.I,,", ~~
no - .1
-fj"- 100p

11
Fig. 4a:Modification of the ci rcuit OJ 3 RV 00 7 to

obtain a 3.1 MHz reference signal

It is now necessary for the dividers in 12 and 13 on
PC-board DJ3RV008 tobeprog rammedt031, as
shown in Figure 4b

The two dividers are connected in series and are
binary cod ed. The lower four bits are set on I 3,
and the upper four bits on I 2.

0001 1111 ::::: 3t
00 1111fO Q(l2

As can be seen with the qivcn bmcry numbers,
on ly two pos itions are changed. These are pin 5 of
f 3 and pin 6 of 12,These pins are st ill not wired on
tho board and must be programmed using the
bncqos!

Dividing by 62:
As given in circuit diag ram Fig. t :

Pin 5/13to ground, and pin 6/12 \0 - 15 V

Dividing by 3 1
Pin 5/13to + 15 V, nnd pin 6/12 to gruund

III principle, it is possible (or the divider circuit to
be programmed for othe r rderence frequencies,
or division ratio s if th e conduct or lanes on the PC­
boards are modified as required, It is important
that the reference Irequency should be an eve n
mult ip le at 100 kHz (Cit least 16 times ), oth erwise
the divider in I 2 cannot be prog ram med wh en
using the given circuit.

When using the mod ule as a clock for il rrcqucnc y
cou nter , it is mere favorab le to increase the loop
gain in the f requency control circu it of module
DJ3RV 007. The modificat ions to tho circuit are
shown in Fig ure 5. varactor diode D 2 is con nec-

DJ3RV 008 BB10') (, DJ3RV 007

Fig. 5:lnCfflasing the pUlling range of the crystal
oscillator on OJ3RV007

Fig.4b :
Modif ication of the
programming of board
OJ3RVOOB for a
reference frequency
01 3.1 MHz

~

n Ok
01 03 T8

220k 04 , 22~ p

o

~:t'"PIJ1:1 ,

10p Wp f lOp
vo
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ted to Ihe hoI end01cryslal Q 4 viame 18 pF capa­
citor, and the series capacitor is reduced 1010 pF.
The pull ing range 01the crystal w ill then be grea­
ter, however , Ihe stabi lity and noise bohnvlo ur will
be slightly inferior. Holes and lines M e provided
on HIe Pc -coarc lor th is moortcanon.

3_
CONNECTION AND ALI GNMENT

Connect thc well s tabilized opc ral iT' \,! voltage s to
PI 801 and PI 608. This is followed by connecnrq
:J 10 MHz TTL -signal to PT 805 The varoes qivcn
for tho current drain iUC for crtentaticn. With Hie
control circuit SWitched all (PI 802 10gro lll'ld), the
frequency of the TCXO should be aligned to ox­
aclly 10 MH z Wllt l the aid of ItIc 10 pf toromor.
Alter sWitching on thc con trol c reon. thc frequen­
oy should remam phase-loc ked 10 ,he rererence
signal. The control can be checkt!d a t pin 2/1 1, il

Ihe frequency ot the TCXO is lemporaflly shilled
by toucr nnq pin 3.

The transcien t behaviour at the control circuit is
determi ned by the t ime constant of the filter links
previous to diode 0 1. In practical operation, a ca­
pacitor flavlng a value of between 0.22 lJ,F and
2 .2 !IF has been found suitable. The value of
0.47,IF given in the cirC\JI! diagram proVldcsgood
roscns.

4_
REFEREN CES

1) F. Krug , OJ3 AV
A Receiver fOfIhe VlF Time and Frequency
Standard Transmissio ns from OCF 77
VHF COMMUNICATIONS 16. Eduion 2/19&1.
Pages 96-114

RECEIVER for 136-1 38 MHz
(Weather-satellite band)

The receiver described by Rudy rcnen.
DC3NT, in 4(1979 and 1(1980 01 V H F

COMMUNICATIONS is now available In
the form of ready-to-operate modules!

1. RFflF modu le DC3NT 003:
complete with special crystal filter,
demodulator and filler ing Also
includes monitor amplifier and sub­
carrier output. DM 395.00

2. Oscill ator module DC3NT 004;
Enclosed in metat case. Includes AFC
and scanning circuit, as well as a
3.5 MHz frequency shift circuit for
METEOSAT channels 1 and 2.

OM 168.00

3. VHF COMM. 4f79+ 1f80 OM 9.00

k(,JZj~berichte Te"y D_BiI",, · Jah"s' ._14 - Posllach 80 - 0 -8523 Ba;e" dorl
Tel. West Germany 9133--855 For Representanves see cover page 2
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Erich Stadler, DG 7 GK
Electronics School. TettnanglWest Germany

Simple Locus Curves
in the Smith Diagram

Impedances 01an tennas. inputs and out pul s
of amplif iers. components . etc . are ofte n d is­
played accord ing to reat and reacti ve compo ­
nents as a function of frequenc y in one pla ne
as a "locus curve" , The " Smith Diag ram " is
espec ially suitable fo r such display. Thi s can
be considered to be a "bent" compte.. p lane.
The capacit ive or inductive beha viour of the
test obj ect. return loss, matching range. and
stan ding wave ratio as a f unct ion ot trequen­
cy, and more. can be taken from th e posi tion

and the frequency-dependent run 01 the impe­
dance loc us curve. It is possib le to determ ine
the L. A. and C 01 the two-pole and to select
suitable co mpen sation or matching measu­
res,

Figu res 101 and 1b show simple 1000us curves. In
both cases. the standardized impedance Z,l rs
50 Q (reference impedance), socc this is the
srnr onro imped ance used in conjunction with
mcsr meascreq systems in the VHF <1I',d UHF

·--'f- ---, ".,

Fig. h :
Locus curve of aseries-circuit of Rand C

Fig. l b:
l Of; US curve of a R.'C-parallel circuit
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range. According to the locus curve shown in
Figure 1a, it will be seen that the measured object
only represents a se ries-ci rcuit comp rising an
ohmic resistance and a capacitance'

- The real component (R ' = 2) is constant for all
frequencies of the locus curve, which is only
valid for series circuits; after destandardization:
R = 2 x 50L! = 1 00~l,

- The reactive component is reduced on increa­
sing frequency, and seems to be inversely pro­
pcrtionalto the frequency, since the spacing is
reduced ( - 2: - 1: - 0,66). wh ich can only be
valid lor <I capacitance

- The locus curve is within lhe neqative half of the
plane, which is a further indication of a capaci­
tive constructio n ! Xc'100Mil? = 2 , or destandar­
dized X C I OO MH? = - 2 x 50 U = - 100 U, which
corresponds to apprcx. 16 pFI
X~' 200 MH,, "'-1 Xc 200MII, = -l x50Q ",
= _. 50 u. Minus sign means "capacit ive"

As can be seen in Fig ure 1b, the locus curve docs
not possess a simple systematic beha vio ur bet­
ween 100 MH; and 300 MHz. Both the real and
reactive components of the individU<l ll ocus-curvc
points are different! Digital impedance meters
would indicale the real and reactive components
tor the various t rcq oences accurd ing to the table
Riven in Figure 2 (factor ''j'' for "reactive compo­
nent" and sign for "capacitive"). The user
will firstly determine trom the numerical vatuos
that the test object represe nts a series circuit wilh
a react ive component, whose value is trccuo ncy­
dependent This is nothing special.

Furthermore, he will dE.%rmine that the real com"
ponent is trecuercy-copenccot. and this is rather
peculiar when one does not consider the skin
effect!

___ ___ _ V~£.:COMMUt'l_I CA:rt0NS 418,:1

Actua lly, the test object is a simple, parallel circui t
comprising an ohm ic resistance (of course with a
con stant value), and a capacitance . The following
is to show how such a locus curve is made, Firstly
let us examine why a parallel connection of Rp
and c, must be present:

- The curve of the impedance as a function of in­
creasing frequ ency turns towards the
zero-point of the impedance plane ; in the
case of f - , « . it seems that the impedance de­
creases towa rds ze ro. which is the case with a
parallel capacitance it will short out the ohmic
resistance at higher frequencies !

- It seems on studying the locus curve that a real
component remains at very low frequencies,
which means that the parallel capacitance Cp is
not effect ive , since the locus curve will exhibit a
rea l compo nent at 1---+ 0, in other words for DC­
voltages. In the example shown in Figure 1bthis
will be the vatua R' - 2, or destand<l rdizcd Rp '"

2 x50 Q 1 0 0 ~ ) .

However, a prerequisite of the previous assump­
tions is that the considered pari of the locus curve
is part of a sem ici rcle , which can be assumed
due to the posit ion 01 the three curve points lor
100 , 200 and 300 MH z, Only then can one assu­
me a RC-parallel c ircu it l

A RL-p arallel circuit would also result in <Isemi­
circular line in the resistance plane, however, in
the uppe r resis tance plane In this case, lhe semi ­
circle will be in the direction of the zero point for
f - )0 0 (the inductance will sho rt out the parallel
ohmic resistance tor DC-voitages, f = O), and at
f --' 'YO il will go through Rp {the parallel inductance
is high-impedance at higher frequencies , and

,

f , Real Reactive

f---~_l:iz__~~ponent compo nent

100 I 80 n - j 40 Q
200 50 Q - j 50 Q

300 I 30n -j 46 Q

Fig, 2:
Table of the real and
reactive components
of the equivalent
circuit
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DG1GK

-, .\

----

0;;.. -- _'1.­
Fig. 3,Smith diag ram : above eerecereeee plane,

below impedanc e p lane

that If one rotates the point for the concucta nce
value around the cente r of the dfdg rarn by 18lf'
and insert s the new positro n into a second Smith
diaqram wh ich is used in tho rosrstance plane
(see Figure 3, be low), the coo ronates of the
transposed point will directly give the (standardi­
zed) real and reac tive co mpone nts ot the equiva­
roruci rCl.lil wiloout having to use the exten sive for ­
mulas given in the prev ious section .

In the case of a careuercapacitance, insert X" =
- l il"Co' and with a parallel inductance Xp :

- f"lo_NOTE: The sigr " -" of the capacitive, and
"+ .-of the indu ctive reacnve Impedance indicates
the phase betw een vonaqe and current!

Example: The following ;s ass umed-
Rp = 100 Q, Co -',., B pF. This results in:
Xo '" - 1.'(2 x irx 10H HZll.Bll. 10 <2 F) - 200 ~ 1 .

This is valid for 108 H7 c 100 MHz

The following can oe determ n co from this'

Th is allows the series values given in the Tab le in
Figure 2to be checked .

The graphic me tho d is mort! 01 Interest here.
This is made as follo ws :

The real and reactive impedance Rp and X" are
staroardued with Z., anc from their reciprocal va­
lues conductance and susceptance are obtained:
G ' and B' (the apostropn is used to show mer
these are standardized vntu osn These values
are now inserted Into a separate Smith diag ram
(Figure 3, above) which tnen serves as 'cond uc­
tance plane". The actual ad vant age of such a
diagra m IS: The coo-coates R; a'1d X; 01 the
equivalent series circuit are symrnein cal around
t're center (,z 1)of tne Smith di agram. ThiSmea ns

A _ l/Rp

, - (1/Rp)2 t (1/Xp)2 '

1/XpX - - - - -
, - (lIRp)2 + (lIXor' .

therefore does not have any ettect on the ohmic
impedance)

There are two possibilities to obtain the coord­
rate values Rs ard X, 01the e quivalent seri es-cir ­
cuit as a function of frequency from a paral le lcon­
nect ion of RFand Xp, ir order to d:splay it In a lo­
cus curve as showr. in Figure 1b: Either wrth the
aid of equations, or by using a graphic method.

Tl)e calcu lat ion equat ions are:
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Example: The conductance and susceptance va­
lues at a pa rallel circu it com prising 100 n and a
capac itance of 8 pF are to be inserted in the con­
ductance plane of a Smith diagram to r a tre­
quencyof 100 MHz , The coo rdinates 01 the real
and reactive impedance of the equivalent senes
circuit are to be obtained from the point transpo sr­
tion! Standardized impedance is lsI = 50 D ,

Sol ut io n: (also see Figure 3, above and below):
Rp = 100 Q , X"" = - 1(2 XJfX to''x 8x 10 -' ~) Q =

-200 Q.

Rp ' = 100 U/50 D = 2.
Xpc' = - 200 Q/50 Q = - 4

Th e standardized conductance values G are ob­
tained from the reciprocal values of the stanoarcr­
zed impedances as follows :

G' 1/2 '" 0.5 and Be' = --(1/- 4) = + 025

NOTE: The change 01sign on transposmq the re­
act ive impedance to the susceptance, and vice
versa is necessary because the sign indicates the
ang le of the voltage rette red to current with re­
spect to resistance, whe reas in the case of con­
ductance values the sign indicates the angle of
the curre nt with respect to the voltaqe. This
means that a negative susceptance value B~ 1'1111
result from a positive, pamuct inductive react ive

impedance X~L I

The standardized conductance values. for ex­
amp le 0 5 and + 0.25, are now inserte d into the
conductanc e Smith diagram as shown in Figure
3. above. The symmetrical linc is now drawn
through the center point of the diag ram to obtain
the symmet ric reciproca l point. The symmetr ical
po int will helve the same spac ing to the center of
the diagram, since the rouocnon factor does not
change due to this (theoretical) convers ion pro­
cess It is new necessary for this point to be trans­
ferred to a second Smith diagram (Figu re 3, be­
low) wh ich is the impedance plane, The coordin a­
tes of this point in the impedance plane are the
stand ardized values of R~ anc Xs of the equiva­
lent series circuit, and are R; = 1.6 and X, ' =

- 0.8, After destandardizat ion one will obtain the
follow ing impedance values tha t are given in the
Tab le of Figure 2 for 100 MHz:

Rs = 1,6 x 50 Q = 80 Q, Xs = - 08 x 50 Q ""

- 40 Q
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Fig. 4: Conversion (inversion) of a paral lel circ uil
(G = l Rp; B = _1iXp) ill lo a series-circuit
(R. ;X. )
a) Parallel circuit of Ra nd C
b) Parallel ci rcuit of R alld 1.

It is now possible to insert the values for 200 MHz
and 300 MHz into the coroccteoce plane (Srmth
diagram, Figure 3, above ) in a simila r manner ,



and to transpose them Into the impedance plane
of Itl(! $mit'l oagram by roteu-q them by 160'.
The Int9fCOfloecbon 01r-esepoin ts r&Sl.lll$ III the

locus curve given ... Ftgure 1b. wncto also snows
graphICally that tile Cll"eurt is a pa rallel connectIon ,

AI • rsl . rt is reconeeooec thal separate Sn'lltn
diagrams are used tor conductance arw:l Ir!'pe­

oeoce planes II can be advanlageous to have
one or t'le two In the Iorm o' irar-sperer-t paper or
fool. t.aieroo. after sottceot espc ncnce «as been
garood . it WIll be pass o e for the user tc mscetee
standarOlzed conductance values. and read ou1
the starcarcizcd enceoarces USH'l9 the same
d,agram. and to Interp,et the cco-cmates COffect­

Iy elthef as con ductance cooromates Of as -rnpe­
dance coord nates (see Figu re 4a and 4b ), Fig u·
re 4b shows that the same is vabd tm paral l~ c«.
cu ts wIth Ill' mducnve compon en t. as was shown
for such wllh a csoect ve component If i!> only
necessary to exct ra nqe the sIgn o' me reacuvo
component

As MS been previoo sly me ntioned. ;1 i!> cceece
w,:n SUfllcl(:ml know'eageand coeect ;nlerpreta ­
IIOf' Ot lhe locus curve to flr d SUitable t, af' slorma­
non and malchng relWOrks Tne ceoacnve com­
ccreot 01 lhe erect shown i11 Frgure te. for In­
sta-co. can be compoel'lSated lor by usrng a
sc-es-ccerectec ecucaoce (sec Fig ure Sa )
Thts results .n a seoee-resonant CIfCU,!. and one
w II sec t -iat t-e c:omptmS3liOn IS only valid e_acfy
for o-e fr6Ql.ency on the locus cwve. (t'l.s ne­
QV!i'oCY is 100 MHz ," Ii'll" ca se of F9Ure Sal . tn a
$mrth diagram fOlI~nces, thIS Wlil fTlC3l'1 tha t
the eecs-cove poinllO be compensaled IS Sllrt­
led lCM'ards Illc ccewe pla f'e due Kllhe seees­
If'ductiUlCe The new locus curv e Will . however.
' em,l,n on tile origi nal coor dinate 01constaor rea l
comporl enl. If' the example given -n Figure t e.

t'l ,s .$ the staroarozec real component A '" 2. or
ce standard.red R = 100 Q . The onrmc cornpo­
eeot is \'lUS ioonnca r e'ier compensa tion . A mat­
ching to ano ther crime impedance . tor instance
50 n.cannot be achieved by series-conn ection ot
a further reactive element This is OI1ly po ssible
With tne aid of a paral le l capacitance in conjunc­
tion wrth a sene s Induct ance: however. further de­
ta Ils regardIng this are not 10be eecoeseo here.

In lhe case ot a cirCUIt as shown in Figure 1b and
F;gure 2. rt is posSIble 10acneve rot orly a com-

Fig. 5; Effect ol . _inducUnce
.) Com pens.ation ol_in-C by aeries--L at a

discrete l req..-y
bl Malchif'g to 1 .:.50 U 81 one trequency using

8 ,,,,,r ies";nductance l

pensanon ot the reacnve component. oot also a
«ansrormeuco to another rea t impedance. suc h
as 50 Q . wit~ tho ao 01a senee-connecto n of an
inductance (see Figure 5). rms. of cour se. is also
on ly valid lor one disc rete t reqoency, however.
the large spacing 01the real and reactive compo­
nen ts is stl iltod .elahvely nenr to the center o t the
dIagram 1 s 50 U, In lho VlCinrly of Ih is freqtJency.
as can be seen in Figure Sb.

The se'ecten of Ihe va lue of such react ive ele­
ments fOf trans formanon and eompensauon nel­
work s is not the task of l h,s artICle.
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Manfred Claar, OF 9 EY

A programmable Rotator Control

The described rotator control is able to posi­
ti on an azimuth and elevati on rotator simul­
taneously . The problem of running two rotat­
o rs w ith the aid of a c omm on co nt ro l cab le has
been solved el egantly by use of a serial port.
Thi s has also sol ved the problem of inter­
ference to the receiver from the computer
system .

T he rota tor contro l system comprises two diffe ­
rent modu les lhat are interconnected via J. s-core
co ntrol cab le (Figure 1). The first is the micropro ­
cessor system that is rocatcd in the vic in ity of the
rotator . and comp rises a processor card, a t> V
power supp ly, and two interrace boards .

The other modu le is the control unil lha l is located
in the operat ing room . It is prov ided with a digital

Fig . 1: Photog raph ot the aulhor·s prototype com plete with contro l un it, pro cessor system
and elevat ion rotator KR·500
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Fig . 2: Author's prototype contro l unit sho w ing 27' elevalion. manual operation (H), and 197' azi muth

readout that snows the actual position ot the an­
tern-a . It is also provided with a keyboard tor in­
putting the required »nqutar values (see Figur e
2)

The softwa re (user program) for the rotator con­
trol system can be used on all 6502 or 6504
system s, and Can therefore be used withol!t pro­
blems, for instance, using the legendary compu­
te rs KIM-1 or $ YM-1 These two systems, as we ll
as better and smaller syste ms, arc we ll known
ttuo uqhout the world, however, it is not with in the
scope of th is article to give a list of a'l single-board
computer manufacturers using the 6502,'04
system,

1.
DESCRIPTI ON

- - "--- -

The microproce ssorcard for the rotator contro l re­
ally on ly requires th ree integrate d circuits Th is
minimum configuratio n should comprise:

1 A CPU-6502 or 6504 (Central Proc essing Unit)
2. An integrated circu it type RIOT -6532

(RAM , I/O, Timer)
3. A program memory EPR OM-2716

(Erasab le PROM)

The CPU is the central processing unit that car­
ries out the logic , algebra , transport <lnd jump or­
ders in conjunction with the EPRO M,

The RIOT is provided with two bidi rectional, pro ­
grammab le g-bn input/output ports, a program­
mab le clock ,and a random access memory (RAM
taa x a bnj.

The last IC is the program memo ry , The use of
software to r tile rotator control is accommodated
in the 2K-EPROM, and is therefore not lost when
disco nnect ing the powe r supply.

It should not be difficult to develop such a simple
card, or to obta in one suitable tor this app lication ,
In the follow ing description, we wil l be using an
EMUF (4), The only important things to cons ider
during selection of suitable hardwa re are the fol lo­
wing :
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Fig. 3: Ov~a ll block diag,am ollhe f,P-fOlato r conlro l sysle m

Fig. 4: From left to right : Case with bus-board. power . llpply card, Interface card , and proces sor card
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1.1. The Microprocessor 5y. lem

The mctcorccessoe system 8Sshown ,n Fig ure 3
is accommodated in a U-shapad aluminium case.
II can be slid in10 1tla case using plastic ralls, and
the eecnc connections are ma de USInga 31 ·pm
con nector strip 10 me buscard, (see Fig ule 41

1. The EPROM uses the memory l ango from
S 9800 to! 9FFF.

2. The RIO T is actuated from S 9200,

II IS, however, also possible 10 carry out an
address chaf199 Ifl the user proglam reldllvely
easlly_

CPU- 6 504
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"'~ II;; RI OT-6532
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The Pro cessor Card

The srnqle-boerd microcomputer lor univer sa l
tlxed .proq ram applications (EMUF) was desc ri­
bed in (1) , Th is Ie is the he art o f the rot ator con­
trol A ccrn pieie kit of parts (without EPRO M) is
available on Germany trom several companies

Thosmn-syslem as shown on Ftgure 5 compnses

onty five integraled circt.its , wI'w;tJ are a. acc0m­

modated 0f1 a EUropaeatd eQUIpped 'NItha 3 1-1""
COfl" ector strip These are the CPU·6504. the
prDgr,l m memory 27 16, the RIOT 6532 with port s

A and B lor the mputs and outputs. a umer-rc 555
for actuating thn hardware reset, and a TT L. qua­
druple NAND 7400 lor addre ss solccnon and lor
generation at the clock freq uency 01I MHz.

The d'sa<tvant.'lgC of!l1is system ISthe 'rTIllc<! ad-

VHF-eouMuNICATlONS 4J1W

dress possibilities In ordet' 10 use all cnne 2 KB y­
ie memo ry otme 2716 ,a smal l modificatiOn has 10
be made, To achiovn this, it is r ecessarvto cut the
conductor lanes at toor pos ition s and to provide
tou r wire br idge s. These mooncanoos 10 ob tain
eoeroec address capabtllbc s arc given io t.heCir·
cuil diagl'am

The opcrailOO of the card is 1101 cecer If the Clp('­

rat illg vol~iS betwecl'l 4,8 and5.2 Volt. thecu·
rent drain does 1101 escoco apprOll 280 rnA. and a
1 MHz clock at TTL ·lev el is determined. II is onl y
nccossarv to check the opera tion 01 thc reset
timer.

The signal at pin 2 t ot the 3t -pin COnnector str'p
should jlJmp 10 I 5 V wilh a delay 01appro_ 0 3 5
on swrlching on lhe operating voltage.
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Con nections to Port -B:

111he proce ssor does not operate, il wili be neces­
sary to check the card to see wnethe r there is a
short-Circuit betwe en conductor lanes, and/or
whether one of the integri'lted circu its must be ex­
changed.

<1 I I

0 ' • r '

H" __ , 'C<1"~ "~ ~

HL Ho<L""t'" ."t
... . Ve,,*," _ i"-·'
'I1-l _ V"""'"" ""l , (c. :

Bus-Board
20 NiC
2 t N,'C
22 RM -keyboard
23 Data
24 Clock 2
25 Clock 1
26 Rese t button
27 +5 V
28 +5 V
29 N/C
30 Ground
31 Ground

Proce ss or Ca rd
20 N'C
21 Reset output
22 PB7
23 PB6
24 PBS
25 PB4
26 Reset input
27 + 5 V
28 + 5 V

29 N 'C
30 G round
31 Ground

-

'--;;l'-:J+:~--

1 1~ cf

"f ' l:~-~-:=e--=--;:~.
cue

Fig 6: Pa riS a lthe clr cuil di8g.am oi lhE!'
interlace card: "Flelay Drive-

Bus-Board
t Ground
2 Ground
3 WC
4 Start sena' trans­

mission I ASC ll )
S NiC
6 0 110
70At

80A2
90A7

tO OA6
I I DA5
12 0M
t30A3
14 Ground

15 Relay HR
t 6N/C
17Relay HL
t8 Relay VL
19 Reiay VH

lS PBO
t6NiC
17 PSt
18 PB2
19 PB3

Connecti o ns :

Proce ssor Car d
1 Ground
2 Ground
3 N 'C
41RQ

S N:'C
6 PAO
7PAt
8 PA2
9PA7

l QPA6
11 PAS
12 PA4
13 PA3
14 Ground

PBO- Azimuth relay, clockwise
PB t - AZimuth relay, il ntir.lockwise
PB2 - Elevation rorav, down
PB3 - Elevation relay . up
PB4 - Clock t keyboard
PBS - Cklck 2 readout
PB6-Data
PB7 - Reply keyboard il nd ASCII-porl

Connectio ns 10 Port -A:

PAO- A,'Dconverter azimuth and elevation
PA t - A:'D converter azimu th and oevanoo
PA2 - AiD converter aZimuth and elevation
PA3 - AiD converter az.muth and elevation
PA4 - An converter a7imuth and elevation
PA5 - AiD converter aZimuth and elevatio n
PA6 - A'D converter azimuth and eievano­
PA7 - AiD converter azim uth and elevation
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fig. 7; Part 01\he I;;rcuit di~grarn of the lnlerlaoe u rd :
MA.tk:on..erte.-

Fig . 8 : Pa rt of 1M e;.e" il diagram ol lhe
interlace ca rd : " Ot~ 01Control unit -

1.2. The Interface Cards

The Iwo illierlace cards arc identical , and It is
therefore worthwlle 10 develop a PC-board lor
this. Furthermore. Ihe use of a PC-board will in­
crease the rtol iabilrty otme system considerably.

Each of the two boards accommodates the AID
converter for determining the actual position, two
relay outputs, a driver circuit for the operating
system, and a connection strip for the connect ion
to the rotator itself (see Figure s 6 - S).

An N D--eonverter type ADC-0804 manulactured
by National Semiconductor is used , II is direct ly
connected to port A via its 8-bit tri-state outputs,
Beth converters are COnnected in para llel via Ihe
bus boa rd. The select ion is made with the ee of

Ihe D·line in the case otme aZimuth care. anc the
D· line lor tne elevation card ,

The analog signal is provided by the potent-orne­
ter in the rotator, and is di rectly proportiona l to the
point ing angle of the rotator nsen.$ uosequent to
a slope change Di D, or DiD, and alter a certain
delay, the digital value is valid for the actual post­
tion . and can be interrogated by the program,

A special 'eawre of the relay CO<1 trol is a selector
switch for the automatic/manual mode A eev­
board combination for UPiDOWN and LEFTi
RIGHT is mounted on the mast. The manual ac­
luation simplifies oceretoret tests on installation,
and later ma'mef1ance.
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Fig. 9:
CltCI.I11dia9t~m of the
con b"oI unit end AllKlOul

,.

~ ,.

i~ ]1<===t=1==
N - . l- f--- --- - - -

......

I

.~

1.3. The Co ntro l Unit

Tho con trol ur ut ISaccommodated in a small case,
wbose d,mensiOllS are 4019 0 mm high, 100 mm
wide, and 170 mm deep. jtrs plov!dcd wilh a 14·
posmco keyboard. Ihll l ls dlNtln by a shiltregi ster.
A 6·digit r",ado ul using a 7-segment LED-display
is used (A gure 91. Throe senes-coonecteo shill
reg isler s are us ed lor driVlIlQ the Individual seg­
ment s. which in turn reoune 6 x 8 ouip ct s. The Ie
· SeriallnpuV16 Bit Parallel Output Penpheral Dri­
ver" type TSC-9403 manufacl ured by Teledyne
Semiconductor has been lound su itable and is
able 10 difec1ly drive tho readout nom its power
outputs (50 rnA). see Figure 10. A furth9f advan­
tage is the simpler overall coostrucnon and me
use 01only ooe type ot Ie (sue Fi gure 11)

This hardware structure requires only one data
line tor driving lhe A/D-<:onvcltcr lind the sMt re­
gister .The addressillQ 01I\le key bomd regIster, or
readou t register IS made via two. sep arate clock
lines . A reply is only to be escecec 110m the ke y­
boa ",

All in all , on ly the lollow lng mterccnnec tioo s are
required betwee n the cor eotunit and tho proce s­
sor sys tem :

1 data tine
1 clock tine (keyboard)
I rep ly (keyboard)
1 clock line (readout)
1 + 5 V and 0 V
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The optococpters have been especially accom­
modated in mo control unit instead ct mo mtertace
board. Tho reason for this is thill tho high-impe­
dance and very fast (3 MHz )CMOS shill req'sters
must be oroseciec aga'l1sl shortwave transmis­
sions. which ale especi ally creseor 011 long. inter ­
coooectco cables.
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The suppre ssion 0' any 'r uerterorcc from the
computert o the receive system is not d1f11CIJI! . and
only requeas one to separate t-ie indiv idual mo.
cotes. Fig ure 12 now snows the 'r nerco-roocn
ceiween power suppry , interlace ca rds roserces.
aM cortJolunll
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Fig. 12: Inter connection wirillg of the prog ram mable rotator cont rol

1.4. Th e ASC II-Port

It is possible using an ASC II-pori as shown in
Fig u re 13 to directly conned a persona ' compu­
to rt hat i~ able to catcuta te the individual pos it ions
and lime values. The input of the individlJ<J l nomi­
na! values via the keyboard will then not be requi­
red and opomton of the system wil l become au­
tomatic.

Th e switching to the ASC II-po rt is made trom the
control unit by operating the follow ing com mand :

F1 F1 0 (Band rate) Q

Th e return to the control unit from the
persona l computer is mad e using the
ASC II-sign for:
:0<

If the ASC II-modo is selected due to an operating
error, ,md the port is not connected. it w ill only bo
possible 10 switch back tome control unit by provi­
ding a hardwar e reset

Thn transmission rate of 300 Bd will be se lected
autom atica lly <lit er a reset command. If anoth er
speed is required . nus rnust be entered. Tra ns­
rrussto n speeds 01110 Bd to 2400 Bd are perms­
sibie. The numerical values for th ese different Bd­
rates are given in the operat ing instructio ns (Sec­
t ion 2). Attention shou ld only be paid that a pause
is requ ired between the individual ASCII-signs.
Otherwise, only th e four lowe st va luenc y bits are
evaluated, which means that one will obta in va­
rious ASCII-signs with the same mean ing ,
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•

Fig . 13:
Circuit diagram of t he
" ASCII-port 20 mA" card

• n

"

-~.'"1'12 1 '1
In "

" ' 2'\ )

c ,
'--------'1:

'" • n

11 eepersonal compute!" is controlling ine system.
all operations can be sele cted, and it is possible
fer the nom inal values to be inserted.

Eumple 1:

Req uired is the sening up 01posuore 1 to 9 with
an azimuth, elevation, and l ime value'

: : 1 value < value < value <
, : 2 value < value < value <
etc.
: : 9 value < value < veve <

'0
x
,2

"
"'5
'6
<7,.
", A,.
,c
'D

' T~ HoMe C<nlP.l1e<
:ra'\~ rr Is t'e

ASC II5'91 for:

o
t

2
a,
5
6
7
e,
<

The rotaicr cD"l1 'oI
lnterp-ots t~ i s as
Ilctwil l ior of key:

D
1
2,,
5
6
7

•a
F1
F2
Q
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EKample 2 :

Commencement of a fun from positi on 1, 2, or 9 '

: 1 <
: 2<
etc .
:9<

one elevation and one time value, eac h.

The numerica l value to be tnputec shou ld be less
than 360' in the azlmultl plane and less than 180'
,n the eievanco plane. In the case of the time
plane , a maximum delay having <I numerical va­
lue of 360 is permissible, wtlidJ conespoods 10a
l ime period of 36 minules.

II tal ger ....tlues are inserted, the rernammq
amount altha acce ss is used as input

Figure 15 shows the actuanon of the keyboard,
imd assccrntoo readout on actuating the run

W

If the keyboard is not nctuatec tor a per iod of 6 sc ­

cores. lhe actu al posi tion ctthe rotato rs will be in­
dicated on ui e reeoco t until the keyboard is actua­
to;-,d nqain. Keyboard opera tion and tnc assooa­
ted readout for the subprog ram "Positi on insert­
is shown III Fig ure 16.

Figu re 14 shows the relatio nship between ope ra­
tions and pusntx.ttons, or readouts ,The start and
the progrnmmil1Q of Ute run are assis sted by a
user control from the processo r. A run com pnsos
a maximum 01 nine positions wit h OIlS aLimuth ,

2.
OPERATING INSTRUCTIONS

- _ . - - -----

Ic.1U-'U
l:j----c. .........."...._.,"".

I LI.I COD .
-- C!J---c.. T ..

". J<IO.:lI: .. ..

Fig. 16:
Th e su bpro gram for inse rt ing
an an tenna pointing angle

24'



VH"-COMMUr-.. ICA-:-IONS 4_·84

['lDH.J60]

~
c:: ,"""..,.l-<U",,,r

M,",_, or<'-",or

ACH "''' c'€".
01" ""'-

"'"" ~-~o

, - ",-"ok"" ·,,,,,,"'
o ~ ',-r
" • ."''' 0

Fig . 17:
Subprogram for manu al
pointin g of the anten na

Is

art rc-ente re - o , the old nominal vah.e is shifteri to
the 'eft . F'us means that it is neces sary for the
zeros to also be inserted when msertmq nominal
valu es 0' 1 or 2 uicits .

Figures 17 and 18 describe the operat ion of tnc
subprograms " Manual Positioning" , or "Automa­
fie Run " as well as finally the switchinu betwee n
opcranrc unit/ASCii-por i (see Figure 19)

"'L Le " 'E·'
"'-;';" -" --;0 ·60- '-, ",,,

"" '0-too· ,

---4P'~"'--~

.-:;-..')
' , j

[ UI]§1JJTT = :;';::;;_X
- ,'oto",a'",""

/\cu " ""'_
c1c·.-Qt o,

Fig . 18 :
Subprog ram for an
automat ic run
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Finally, the au thor is willing 10 provide a 16-page
progra m listing and/or a compl etely programmed
EPROM 10 interested readers at cost price.

d)

o
I" ~-;.=?---,

Fig . 19$wi l ch ing between control unit
and ASCII-port

Which Volumes of VHF COMMUNICATIONS are missing from your lib rary?
As you kllOW. the pubhshers continue 10 repnnt bad< copies ot VHF r..o MMUNICATIONS Since IIll'y arc lUll
led1nical articles and l,nle roo:'WS or ad\0<efti5,ng. they conl am a grcal 0001of non....gain ,nlnrmahon tlla! is just as
'''''id tod ay, M.:lny 01 0\J1 readers will also have Ienl 001 COP'p's 0/ VHF COMMUNICATlONS and .- recei-t
the m ba ck All ed ,tlonS available can be obtained from you' ~r_lall"'" or from 100 ptJbll!JlC~.

Subscr ip tIOn to VHF COMMUNICATIONS 1985 • OM 24.00
VHF COMMUNICATIONS Volume 198311 9M , ' ' " each IlM" .00
VHf- COMMUNICATIONS - Volume 198111982 . . p.ild, OM 20.00
VHf- COMMUNICATIONS - Volume 19 19/1980 ,. '" " , , , ",ar.h OM t !I.OO
Vl lr COMMUNICA l iONS - V(~U IH" 1976,1977, and 19/ 11 ..""""" " " "" " " , , tlad l OM 16.00
Vl lr COMMUNICA TlON:'> - Volumu 1975 , OM 11.00

VH f- COMMlI NiCATIONS - lndiVl(juil l mpi" s 1082 . " "" " " " " Allr.h DM t'UIO
VHf- COMMUNICATIONS - Indiv.::hJRI rx>pies 1981 " """ ""." Alle': h OM!>!>O
Vl lF , .oMMUNICAI IONS - In<1 ivid ual OOP; C!s 197911 Y~U .." , ", .."" " ..""" " " , ll uch OM 1.50
VHF COMMUNICAI IONS - Individual copi<:1s 1975,1976.197/ .1978 " " , "" " ..,........... .. OM 1 00
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Wolfgang Barscr et, OK 2 DO

Diagrams that allow one to easily
determine the Sensitivity of Receive
Systems using Solar Noise

The ror'owmq erucre is a 'allow-up on the pre­
viously pubtishod articles of Gunter Hoch .
DL 6 WU (1). and Draqoslav pcbncc. YU 1 AW
(2).

It is now always possible 10 use a galaclic
no ise source 10 determine the sens itiv ity 01 a
rece ive syste m. Espec ia lly in the VHF/UH F
range, one seldom has the required mi nimum
antenna ga in 01 26 dB . Th is led the autho r to
mod ily the meth od describ ed in (1) to all ow
on e to determ ine the sensivit y (in other wo rd s
the sys tem noise temperature T~). using noise
level measu rements of the sun together with
the foll owing diagrams.

1.
THE SUN AS NOISE SOURCE

It is known that the characteristic at solar noise is
that the noise nux tocreases towaras higher Ire­
coerce s. whereas (ail ?) othe r cosmic noise
sources eXhibit lhe opposite behaviour , The sun
represents a strong noise source due to its relati­
vely low distance from the earth, however, its
noise Ilux is not constant Lonq-term, periOdic
vanencos eX;51 over t-ie eleven-year sunspot
cycle; the mean values 01 these variations can be

osum arec relatively wnil. Short-te rm varia tions of
the noise flux can be averaged by evaluating a
number 01 measuremen ts at dlHcrcnt times. The
following method is based on this pl"lnciple.

2,
MEA SURING THE V-VALUE

- --

It is necessary to measure tne v -varuo before
lls,ng the diagrams, Tho "hot -eold method" as
descr ibed in (1) and (2) IS suitable lor this Thc
author moasurec Ihe norse levc l lt f tho output of
the receiver (AGe -switched oH) wsn the aid of a
Simple AF-voltmotof.

2.1. Dete rmining lh e Syslem Tem perature Ts

As givcn on i 1}. lhe tollowlng IS valid :

GIT ",Y -1
I

I '" noise flux constant.

The system temperatu ra of tho receive system re­

suus as:

TJ;; _ ~
K - GfT
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Fig , 1: Sys lllm lempera lu re T. or no ise l ig....e {NFl 01e rcee ivlng s ys te m de1ermined fro m l ila meas urc<!

V-value w ilh a known an tenna ga in G,10. a mean solar noise (llux at 432 MHz : 300 ~ 1_ 4 .17 K)

This means that: 3,
EXAMPLE

T'lc author mea sured a noise increase 01 bet­
ween 5.5 and 6.9 c B '0.1 the oc tpc t 01the receiver
(AGe-oil) using a 70 cm antenna With a gain ot
G = 22 ou (array of four l ongyag a-nennas ) 10 ­

gether with an S 3030 prea mp lifier direct ly con­
nected to tne ante nna Furthe r Choc k measure­
mer-Is made with the aid 01a calibrated auem.a to r
resulted In v-rtue'fy toe sam e values.

From Figure 1. one can determ ine TOO fol:owlng
system tempera tures matchirg these two Y·fac ­

toes :

W~(eby both Yand antenna gain G,should be in­
serted as a tecior . Ttus dependenc e is given In
Figure 1. Line ar sca les simp1i1v tne interpolation ,
In order to simplify tI1e use of the diagram, the
valu e Y is g,von on the vertical axis direct ly in dB.

One will obtam a new family of curves IOf each
value of the noise flux constant I. Th ose given in
Figure 1 arc va lid for a transit ion value between
the two sunspot ma ximu ms. Figu re 2a is val id tor
maximum sunspot actiVity, and Figure 2b lor
minimum. Since 1984 15 a year 01decreasing sun­
spot activity, Di/l9ram 1 should be valid for the
next few years.
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Fig.2a:
As Fig. 1. but tor maxlm~m
sunspot act ivity
(tlux at 432 MH~ : 500 " I _ 6.95 K)
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Fig. 2b:
As FIg. 1, but tor minimum
S~nSpol activity
(fl ux 81432 MHz: 220 .::: 1= 3.06 Kl

T,

The mean anthmenc ..alue of Ta • 220 K corres­
pond s to the system temperature of the autho r' s
receiving system, This ven.e woula result in a
noise increase o' 8 dB with maximum sun spot ac­
livi ty l Diagrarn za). and 10 a vaiue 015 2 dB wilh
mi"i'T'um activity {Diagram 2b}.

4,
CHECKING THE RESULTS

The system temperature dete rmined from Figure
1 was checked in a measuri" g seque nce made in
February 1983, The flux va lues S were obta ined.
anc the so lar norse level was measur ed with the
eumors receivirlg system at approximately 16,00
each day .The resuus ot mese measurements are
given in Tab le 1.

Th e system temperature was ca lculated daily
from the giverl so lar flux arc tho measured
v -value. It wi ll be seen that the ..aluea for the 4th
and 8th of February do not conlorm toth e averaqe
values. This is probably due to measuring errors,
or Irregular sctar eerupnons. The ca lculated
system \tHTlperatu fe values vary between 332 K
anc 167 K with a mean ..alue of appro ximately
251 K. If we assume tnat this vewe is probably
cor rect, it w ill be seen that a difference 01ec proxi­
mately 15 % is pres ent wh en comparing it to the
vatues determined in Diagram 1. OM must ex­
pec t SUCh tolerances when us irlg the diagram,
The author did rot determ ine wh ether the fam ily
of CUNes Is va lid for all ranqes.

249



Vl-F-CQMMlJNICAT10NS 484

Febr. Measured so lar flux val ues Noise f1u x - Noise level I
19 83

coost eot (Il
me asured with

T =~ ~Klfrom the observatory (1) too author 5 system

10-23 Ws (410 MH z)
S · h~ .z.

• Y-1 l

I= ~- [K I Y [dB] Y = to'"m' 8nk

1 - - - - -
2 550 7.54 - - -
3 370 5.0 7 6.0 3 .98 260
4 600 8 .23 6.2 4 .16 412"
5 - - 5.7 3. 71 -
6 - - 5.9 3.89 -
7 - - 6 ,5 4.4 6 -
8 670 9.19 59 3.89 503'
9 530 7.27 6.5 4.46 332

' 0 390 5.35 5.6 3.63 322

" 400 5.49 6 2 4.16 275
12 - - 5.8 3.80 -
13 310 4.25 6 5 4 ,46 194
14 290 3.98 5,8 3 ,80 225
'5 300 4.11 6.5 4 .46 '88
16 300 4 .11 58 3.80 232
' 7 290 3.98 5,5 3.54 248
18 300 4,1 1 69 4,89 ' 67
19 320 4 ,39 6.6 4 ,57 ' 94
20 320 4 ,39 6.2 4 .16 220
21 300 4.11 6.8 4.78 172
22 320 4.39 5.7 3.71 256
23 320 4.39 62 4 ,16 220
24 310 4 .25 6.3 4 ,26 206
25 350 4 ,80 6.9 4 89 195
26 340 466 6.3 426 226
27 410 5.62 5.9 3.89 308
28 310 4.25 5.9 3.89 ' 73

Tabla 1; • Eith er a measuring error, or an irregular so lar eruption
(1) AGL-Cambridgel Boston : Solar-Geoph ysical-Data NOAH (Col .) 80 303 )303

5,
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Terry Bittan, OJ 0 BQ/G 3 JVQ

Satellite News
FAILURE OF GOES-EAST

Unfortunately , GOES-East tailed in orbit
abo ut the same time as VHF CO MMUNICA­
TIONS 3/ 1984 went to press. Th is means that on­
ly one of the three GOES satellites is actively able
to procure images. For this reason,
NOAA dec ided to shift GOES-West (GOES-6)
Irom its norma l position of 135"W to a position 01

98'W which is able to provide better images ot
North, Central, and South America. The new loca­
t ion provides images as shown in Figu res 1 and
2.

GOESA wili take over the retra nsm ission of
WEFAX images transmi tted usually via GOES­
W. This sate llite is located at 139°W, but is not
able to provide image procurement.

Since GOES-6 was to be moved to a position near
to that ot GOES- Central (GOES-2), it was neces­
saryto move the latter to a new parking pos ition at
113c W

After fai lure, several difficult ies occured in the re­
transmission of GOES images via METE OSAT-2.
However, such transmissions are now be ing
made lrom Lann ion, France .

METEOSAT Programme

ESA has published the followi ng schedule of
weather satellite launches:

MET EOSAT 3 (P 2) will be launched in the se­
cond half of 1986 on the f irst testt light of Ariane 4.
This satellite is very similar to METEOSAT 1 and
2.

This will be followed by a now qonerauon of
METEOSATs with improved image resolution.
The laun ches wi ll be as fo llows:
MOP 1 in 1987
MOP 2in 1988
MOP3 in 1990

Weather Charts v ia METEO SAT

Many of our readers will not have rea lized that the
ESA transmits weather chart s at regular intervals
via Channe l 2 (1691.0 MHz ) 01 METEO SAT,
These charts are provided by the German
Weather Serv ice (DWD) from their ow n and other
sources. These progno stic (prog.) charts are as
given in tab le 1.

We are to conclude our series on geostation ary
weather satellites with a descript ion of the Japa­
nese sate llite GMS in one of the followinq editions
of VHF COMM UNICATIONS ,

I Format Tran s. Time Diss. en. Con t e n t ;

I WEFA1 0346 2 EUR Prog.200, 300hPa
for 1200GMT

, WEFA2 0606 2 Proo. sur1acefor 0000 GMT

I WEFA 3 0806 2 Prog. 500 hPa Height.

I
Temperature 24/48 hours

for 0000 GMT
WEFA 4 1630 2 EUR Prog.200, 300hPa

lor 0000 GMT
WEFA 5 1930 2 Pro . sur1ace for 1200G MT
WEFA6 200 6 2 Prog. 500 hPa Height,

Temperature, 24148hours
for 1200 GMT Table 1
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Chip Allenuators

The chIpS meet or exceed the
Mll-E-5400 and Mll-R-55342
specmcauons. In the frequency
range from DC to 4 GHz. they
eKhibit an VSWA of 1 25 ' 1. and
1.35 : 1 lrom 4 GHz to 8 GHz,
and 1.5 : 1 lrorn 8 GHz to 18
GHz. The maKlmlJm powe r di s­
sipat ion is 0 1 W.
Manufacturer :
EMC TECHNOLOGY, loc.
Cherry Hill, NJ.• U.SA

quency range, they ale good va­
lue for mceey.

The aneouaiors can be used in
a wide temperature range from
- 55 "C10 ... 125 "C, In contrast
10 atteecatces made up using
1t1189 or more resistors. these
compact components use one
com mon resrstence layer
having iOentical mennal beha­
viour. Th is ensures exact track­
ing as a funct ion ol temperalure
and freque ocy.

Metal·fllm resi sto rs fr om DC
to 1000 MHz

The NIKKOHM programme
comprises radial, flat MF-resi­
stor s on a ceramic substrate
(series AP): hlgh,power MF-re·
siste rs up to 100 W (series
RPL) : MF·resi stor nefworxs
(MP): RC-c::omb inations on ce­
ramic subs trates (A-C): ene­
reators as T-peds for 50 Q ,
75 Q. and 600 0 tor lr equencies

-~.-
<,

- _ _ c.....

~ - ...., s,..--

~: ,~-J"""_

..
•

"",._,

The dimensions 01the new tIl in­
film anenuators ctme TS 0500
series ale only 1.9 K f .5 mm2
and possess 0,64 mm wide con­
nect ions They are suitable fo r
operat ion up to 18 GHz, The at­
tenuation values are between
f dB and 20 dB with 3. 6 and 10
dB as standard values,

The compact dimensions of
these comocreots is only one 01
the important characteristics of
s-ese ar tenuatoee: They are ac­
curate to =0.25 dB from DC to
18 GHz. ln spiteof their widefre--

All elec.llcal parameters have
cryster-stable characteristics, in
other words. possess a long­
term stability and tow tempera­
ture dependence. In cont rast to
conventional crystal-oscillator
circuits using frequency multipli·
cation , SAW resonators are ex­
cited at the fundamentai Ire ­
queocy. This means that these
com pact osci llators have a llig­
her spect ral purity , and lower
noise adjacent to the signal ( ",
10 kHz).

SIEMENS Te<:hnicallnto
No .B4-B3181·X ·X ·7600 (fr ee
of charg e)

....._­,

- . , - -, --. .... til

SAW Componeol s

The lirst ecceceucn 01 surface
acoustic wave (SAW) compo­
nents was lor IF·litters lor TV-re­
ceivers and converters in the 38
MHz range, In the moantime. it
is possible using mlc ro-structu­
res on pteeo-erectnc substrates
to manufacture precis ion f il­
ters In the frequency range
from 10 MHz to over 1 GHz.
The advantages are that tl1ey
are -ecrcccceeoe. possess
long -term stabili ty and are very
compact.

jX!I

r - - - -jc'"lH

Modern surtace eccu snc
wave res onator s on quartz are
exceueot narrOW-band fillers in
ee frequency range 01 200 to
f 250 MHz. The excejent Q­
values lt1at are provoec by

LI, .1'l ,,' OIdg

mese SAW components are in
tile order of 80001Their appliea­
lion is the lesonanl circuits 01
osci llators or narrow-band fil­
lers.

BRIEFLY
SPEAKING...
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Siemens TBB 145, it is possible
for the frequency dividers to be
set parallel or serial via tha
address and data line (7 bit). 101
instance, with the aid 01a micro,
computer.

The to mm2 large CMOS Chip
has an upper Ircquancy Umil v i
15 MH7, and only requires a
quiescent current of 3.2 rnA
wh ich also makes il SUitable for
battery operauon.

The progranunab le TOB 1'16 of­
fers division rauos 013 to 4095.
and !t IP rctcrcrcc Irequency
can be divktcd hy 1 to 127.
Fur-tiler features are an "ant i­
backlash" phase detector, and
a lock detector 10 mcncntc when
the PLL is locked -In This
CMOS IC is com oene uie 10 lhe
Me 115 1'15 bo lh in coereuoo
and pili coonectrcns. however ,
Ihe maximum o peratmq voltage
is limited tn 6 V, whicll is com­
plele ly sut ucont tor IJSO in con­
junct ion with m.crc processc rs.
11 is suitable for if large number
01 applications suc n as in AM!
FM·radlos, mulliGhannol protes­
slonnl , amateur and CB com ­
moncaucos and fOI radio navi­
gation. Further ICs lor Pl l app­
licat ions are a var iab le divider
(589), a Pll (S 187) tor 15 V, a
programmable diode matrix (5
353) end three FM-receiver cir­
cuas (TBB 469/1469/2469)
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BFR 96 5

PL.L. Frequency Synthes izer
T88146

Wealher Satell ite Rece iver

Experience has shown that syn­
thesizers are wo rthw ile where
more lhan five dilfe renl rrequen­
ces are required. With me new

Onef soecrtcabons:
couectcr voltage: 15 V, coaoc­
tor current: 100 mA. power dis­
sipal ion: U,7 W , trans it frequen ­
cy : 5 Gt lz, power gain: 11.5 dB
and output voltage at 800 MHz :
700 mV ,

much tiqtierthan the basic BFA
96 , it is suilable for amateur-TV
and SSB·ampli fiers in lhe 70 cm
and 23 em bands.

vets up to the GHz-range. Since
the linearity 01 th is transistor is

DC3NT 003
In some cnsos sen-oscuauon in
the 137 MH L staqes occurs ri lle
to unsuthciant qroendmq by the
sml:lll prinloo tanos . The tallow ·
ing measur e Will cure this pro­
blem: Form [W{) small bridges 3
mm hil=jh, approx. 6 mm long
maoo lrom (silv er-plated] Wire
of at least 1 mm ota . So lder
them HCro51'; the drain lanes 01
T 1 and T 2, resp. tram ground to
ground, 'Jhars all! DL3WR

l ,

"~
HFD 8750

H715

;:'59: -~

~--~
• 5 . t ~

RFD 5450
5415

stors from 50 U to 2 k~ :! with OJ

rating 01 10 W l n FD-424): UHF
MF~resi slOf S lor 50 ~! wilh ra­
t mqs of 30 W and 50 W from DC
10 1000 MH Z (RFC); and finally
MF-<:hip resstors tOl hybrid cil ­
cvns (AMC)

Manufacturer : NIKKOHM

BF R 96 S: For wideband am­
pli fi ers in th e GHz-range

The Siemens BFR96S is a
NPN-silicon, planar UHF trans­
istor accommodated in a plast ic
case 50 B3 (DIN 41867), which
is similar to TO· 119, The appli ­
cation range is for wideba nd
amplifiers of medium powe r te-

up to 100 MH7 (senes I] : chip
atteouators lor 50 c and 7~ Q

from OC to 1000 MHz with 0.5 W
rating (sonos RFA): chip termi­
nat ing resist ors for 50 Q from
DC to 4 GH7 wilh a ratinq of 0.5
W (RH)-5450); VHF MF-resi·
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MATERIAL PRICE LIST OF EQUIPMENT
described in editi on 4;1984 o f VHF COMM UNICATIONS

DJ3A V 10 MHz Time-base with PLL for De F77 Art.No. Ed. 4;1984
Pc-ccero DJ3RV OO8 single-coated, Silver-plated, drilled.

with component location plan 6885 OM 34.-
Components DJ3 RVO O8 5 trans istors. 2 diodes, 3 CMOS- and

5 TTl · IGs, 1 Johanson air -spaced trim-
mer , 2 ce ram ic NPQ and 19 other ce ram .
capacitors, 2 foil- and 2 teedthrooqh
capacitor s , 3 elec trolytic caps..
23 resistors. 2 RF cbokes.e PTFE
leedthroughs . 1 tinned-metal bo x 6887 OM 160 .-

TCXO DJ3RV OO8 10.0 MHz; 12 V DC : line lu neable 6886 OM 443.-

Ki t OJ3RV OO8 co mplete. with above part s 6888 OM 595.-

DelBP PAL Colour Test-Image Generalo r Ed . 4:1984
pc -toard DC1BP OQl European Standard Size,

with through-contacts 6889 OM 55,-
EPROM DC1BP 001 programmed as described

in the publication 6890 OM 44.
Components OC1BP 001 10 TTL ICs. 3 other ICs, 1 voltreq ulator,

1 diode, 1 transistor, 1 OIL-switch, 1 con-
nector pair at -core. 5 ceramic, 7 10il
capacitors, 2 foil trimmers, 10 electrolytic
caps., 1 potentiometer . 19 res istors 6899 OM 215.-

Crystal 2 5MHz matched to the ZNA234E 6898 OM 16-
Crystal 4.433 MHz PAL cryslal 6163 OM 16.-

Kit Oe lBP 001 co mplete. with above part s 6900 OM 335.-

OF9EY Progra mmable Rotator Control Ed, 4 1984

Single-board computer (without EPROM) on request

EPROM already programmed on request
Program listing (16 pages) OM 10.-

Foll owing a frequen t request, we are going to offer a limited number of Pc-bcards for th e
Dig ital Scan Con verte r, as descri bed by YU3UMV in VHF COMMUNICATIO NS edit ions
4/1982 and 1/1983. They should be available from March 1985 on and prices will be as follows

Pc -bcarc YU3UMV 001, single coated, drilled , with component location plan OM 29.-
pc -ecere YU3UMV 002, double coated, with througf1 contacts OM 69.-
Both PC-boards logethe r only OM 95.-

k !lM.>1fberichte Tee", O. Billa, · Ja"",". 14 · Po,It"'" 80 · 0-8523 B4>." do,'
Tel. West Germany 9133-855 For Representatives see cover page 2
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An Amateur-Television Transmitter
for Home Construction

,,
;, ' J: I "ti ,,
opn~,

c"" ,,","c
"''" M''••••'

,-----,"-T
OJ1JZ 002 50 mW

..,,,,L"""
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OJ4 L8 003

ATIONS

li OJ4LB 001 OJ 6 PI 004
Y;""~"Solr~ ~. ,
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"'.le" Side""'" """
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c _ ~
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VH F COMMUNICATIONS 4/1977
VH F COM MUNICATI ONS 3/198 1
Th is se t o f 6 ed it ions is available
at OM 24.-

1/19 73
2/1973
2/1976
1/1977

A television transmitter built 1rom modules described in VHF COMMUNIC/\ l iO NS is shown in the
above b lock di agram. Each function is realised on an individua l Pc-boaro. Eac h PC-bo ard is
built into its own tinned-meta l box, wh ich leads to a very clean ope ration without unwanted stray
coupling and without problems caused by radia tion . Each modu le may be s ligned and tested on
its own . All th is encourages the hom e construc tor since it makes it easy to unders tand the diffe..
rent functions and it finally leads to a hiqh-valuo ATV transmitter to which a ll possible vid eo
sources (black/wh ite or colo r) may be connected.
For an amplification of tho trans mit power, a vanctv ot linear arnphflers tc r the 70 cm band may be
used (not FM -ftnoars- I), whereby care shou ld be taken to ad just the drive so that the output
power doe s not exceed halt tile PEP value of the SSG mode.

The ATV modules listed hav e been pub lished by three authors . The descriptions are detailed and
will enable successful duplication . They are to be found in tho fo llowing ed it io n s of VHF COM­

MUNICATIONS:

VHF CO MMUNICATIONS
VHF COMMUN ICATION S
VH F COMMUNICATIONS
VH F CO MMUNICATIONS

OM 115,­

OM 92.­
OM 13150

ready-to-operate
kit, comple te
kit, complete

OJ 6P l OO4
DJ 4 LBOO3
OJ 1 JZ OO2

Indivi dual kits :

OJ 4 LB 001 a kit, complete OM 98.-
OJ 4LB 002a kit. complote OM 99 .-
OJ 4 LB 007 kit, complete OM 95 .-
OJ 6 PI 003 kit, complete OM 50,-

Set of complete k its f or th e 70 cm AT V t ra ns m itter (w ithout power amplifier)
com prising OJ 4 LB oots, OJ 4 LB 002a, OJ 4 LB 007, OJ 6 PI 003 ,
OJ 6 PI 004, OJ 4 LB 003, OJ 1 JZ 002

k :IWjiHberichte Teccy O. B;ttae . Jahe," . 14 · p" Hach BO' 0-8523 Ba;",do~
Te l, West Germany 9133-855, Representatives see cover page 2
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A system for Reception and Display of Weather-Satellite
Images using a digital scan co nverter/storage module

A) A complete sys tem as kits

Description

Parabo lic anlenna. 1.1 m diameter
12 segm enb to be screwed or riveted togetl le r.
3 pl "~t i c supports tor radiator,
mast -rnounttnq pans with elevation mechanism

Low-noise ampli fier for 1.7 GHz

METEOSAT Converter , GOn~ i s ling of
two modu l e~ - Output nrst IF ~ 137.5 MHL)

VHF Receiver , frequency ramje :
1 36 ~ l :11l M Hz.

Ou tput : 2100 Hl ~u lJ·cmr i",

Digital scan converte r
i?56 x ?56 x 6 El it)

PAL·Color module wittl VHr m(xJulHtor

Edition

311979

311qH4

1119S1
1119S2

411979
1I 19AO

41198?
visaa

2119A1

Kit designation Ar t. No. Price
OM

Set ot 12 segments 0098 180.00
Rivet ing machin e + r ivets 010 5 93 .00
1.7 GHz Cavit y radiator ki t 009 1 90.00
3 ,ad iator s u pports 010 6 29 .00
Mast-mo unt ing parts OiDl 85 .00

DJ6Plll12 6867 175 .00

OJ 1JZ 003 6705 189 .00
DJ1 JZOO4 67 14 185 .00

OC3NT 003 6141 225.00
DC3NT (104 6146 80 .00

YU3UMV 00 1 l 6736 675.00
YU3UMV 002

YU3 UMV 003 67 39 150.00

B) Aligned re ady-to-operate PCB-modules and equipment
Cavi ty rad iator tor above paraholic anten n"

VHF receiver for 136~ l:lH MHz, DC3NT 003

oscmetor for VHr ",cHiver , DC3 NT OO~

Di9 ita l scan co nverter (2,,6 x 2,,6 x 6 Bit ) YU3UMV 001 +002

N I L-Col or morlut " w il~ VH F oscillator YU 3 UMV 003

C) A complete system, ready-to -operate in cabinets
Parabol ic ant enna, 12 segments. rivetinq m~eh ; ne and rivets, cavity radiato r, suppo rts

METEOSAT converte r w i t~ GaAs-FF T preamplIfier and mixer. 2 channel s, in cH~i"y

An tenna for Qrhiting satell ile~, DJ0RQ· 137 (VHF COM MUN ICATIONS 411981)
Power comb incr for allov." AT-131

6-ch anne l VHF rece ive r in cabinet proy rHrm"ed for:
137,130 1137,3001137,4001137,500 1137,6201137,SGO MHz

Digi tal scan convert er, 256 x 256 x 6 Bit, with control .,luL1ro" ic
and PAL_Color mod ulelVHF oscillatOl in cabi,,~1

Video mo ni tor . black/wh ite, with 31em C.R,T.

A ll 10 ed it ions of VHF CO MMUNICATIONS containing infor mation
on we"ther sHtailito reception

Dissemination Sc hedule of METEOSAT, ind osurf ace mail

Audio Compact Cassette with 2 >< 30 minutes or selected subcarner recordings
of METEOSAT and NOA A, resp

",m 150,~

67:11 395 , -

6 132 1 68,~

67:14 1150,-

6738 285 ,-

0108 510.-

3026 692.-

0 101 1 98.~

030G 98 , ~

:1]00 129 8. -

57S" 1980. -

3301 55 0,-

6/42 49 . ~

0050 3,-

6740 25 .80

k llif;§fberichte Teny 0, Bitt., .J,",,1e 14 , Po, "ac" 80 . D-B523 Bai",don
TeL West Ge rmany 9133-855, For Rep resenta tives see cover page 2
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Space and Astronomical Slides
Informative and Impressive
VHF COMMUNICATIONS now cue-s sets of ph arr­
taste shdes made d uring the Ge minLApollo .Ma riner,
and Voyage r missions, a!:lwell as slides from leading
ohservercrtes . These am standard size 5 em x 5 ern
slides whieh are trarnod and annotated
Prices plus OM 3.00 [Of post and pac ki,,!).

Se1so1 5 NASA- slides OM 8.50 per set
Set a 103 AjXllk:> 11' Earth and Moon
Sll t8 104 Apollo ! 1 Man of theMoon
Set 8 1 0 ~ Apo llo 9 <lnd 10: MoonlIchearaal
Set At 06 Frorn Calitorrua to Cap Canaveral
Sel8107 Apollo 12: Muon Revis ited
Sel!l l Ol:l G'-' IlI ,n; [arl h VI~

Se18109 Apollo I S: RovingHadley U,lle
Sel8110 Apo llo 16: IIl lothe llighlands
&118111 i\tXJllo 17: Lastvoyaqc to r he moo«
Sct 8 112 Apo llo 1r: LiI,,! Mo<.>"Wi:\lkS
8"18113 M;:mnHr l 0 : Mercury and VHlll lS i.~. .-
Set 8147 - auctt er encountered- 20 slides of VOYAGER 1 & 2 OM 35.00
1. Jupol.. , ",.13 S',lc 'teos 2. TI", " ant plan al 3. JUI',le r, 10",., EU"'I~' 4 lhe Al ~l ';pol 5 Ihe Rl ~l "",1'0 d<tIail 6.1he
swirll", "l""ds 7 10aOli.. """k' uvaI 8. The mi'lltlOUl11uod om» n'!d spol 9. n refWlQS at JUpit'" 10 Ihe (iallile;", :;alell~

II,,; 11 Amalthp.a. 1? cenee 13 . I ,,~,, "" 'ClIlU'9 00 G ,lhs l'" 14. E,ul~ion 00 10 1.' , . k, 1,, 1 a,se 16 , F uro pa. d """'''l'
1! l ,u'opa d,<I ~"t .... ·w 19, (;any,," ~>c cl<Jw·up 19. Ad ,.Janl(i,1ny" . " k.· ;>Q Ih .. k..... "n s ystem

Set 8100 "Saturn encc untered «, 20 VOYAGER·, slides OM 35.00
1. Satu, ,, ,,, ,d b of rts moo,, s ? S;,turn from I I "",".1", J. &1 1""" """ ~ miomil,,,, .. Sa t""o l"'''' 1 "".., ,",,0&$ 5 . S" I" mand
rings 10, ." \100 I)()() mil«s (; $alum 's Ro><l "'"~ ! Cloud bt~ls "' lld,,'1 S. OK.>rlS aCjainSl ~al"", 9. Dio"" d,,;c 'Ii> 10
AIMS' 11 Cmler s 0 1Rhe'a 12. Til"" 13 T~a,,. s.,oIa, lu x.! 1,1 Hull" I~a lc, on M" " ,,s 1l,. Other ",,11.,,1M,m;lS 16_" I>
p"~d'''''llh9 ,;,,9" 1! unoe, Ihe "''' ''' 18 l.le1Ow Ih" .i,,,,,, 19.•B,.",W. f no;) ro t"pc>lus

Set 8148 "VOYAGER 2 at Sat urn " . 20 VOYAGER·2 slides OM 35.00
I . VUYAGF n ? approacl"" :' CfJuds &. WI US J Slorm., . & ''' ' I'' II,tos . 4 . Cydutla s , "POts /; jd ~'1rearn , ~,. Co nvecli" ,
r~g ''' ~, 1> , Atmos phe "" , li,;llJrba nce 7. RIr'!!,' ~ s~ adows K. Tile ',C.. " nu Y Illng ci<>l " r1'; 10 l he .."o, ,ir'l I t . Loo,-i " l
1M';" 0" Siltum 12. Til"" nigl1t_",,'i" 1J 'l ,ton "1 " x"~l hC'nc oo,n<'I" 14. The ..F · ' i' xl 11> . H\'P"''''' ' d ...,,-, up Ie I.Jr. , lus
""",,"1c<I 17. E,x, ",x.!us e.pi"uHl 18 Ihe le1hy" ","'yon 19. TtWI _F" ""'l Si" o;I,,"-' ~O W~hi" 11M'Fnke dr"is~",

Set 8102 »The So lar SystemK, 20 NASAfJPL slides OM 35.00
I . Sol'" 1>Y""'II1 2. f om,,,loM' ol !h" Pla ll el s :1,Tho:' Su n 4. Me. cury 5. e, m;,,,,,,1V~""'" G. Cl<Ju{is OI V~'M'~ , . L anh
A.FIIII Mo" o 9 Ma'" HI Mars . (~ Y'''IKr, Moos 11 1.4..,,,, . G'and C anyon 12. 1.4:" " S inuou, Ch"",~,1 1J . P h" to ",
1-1 . J' 'P,tc rwitil M<K"'~ 15.J LJ pih~ r"l<.,j S pot Ir" S " lllrr, 17. S" !L~ ,, n i r.J~ l B. tI''''. J' and NephH.' l !J Pluto 20. Comet
l '-c ya·:J ~'- i

Set 8149 »The Sun in action" . 20 NA SAlJPL sli des OM 35.00
1 sun ... H" I~lhl 2. 101al &~". Df;hpse 3. OUI'" coro na 4. ('",'ona ',om SMM5a1c1l~e &.CorOlla clOS&-I;IJ 6. Solar magnl~

1r><J" ,m 7,Ac~"" u"l'..,nS ln X·,arliall"n 8 X·ray Cl", "'" 9. ACOf,~..Ihr>le 1O . Sr>~" Rare I I . Ac~V<'Sun 12:&up~ve pm.

mrn<!l'lCl' .13. G"''T",nIUNlI.'Mlli'l{'ll<"€' 14 E'"I'I''''' pro m,neru, 1!> 1iU9" S<A" c -.plOOOn 16. 1'." m,ne llQl "' "COO" 17
SUn '" "' ~"H' 1B. Ma9'~ , ' i< ' (.,Id loops 111. I'<om,""""",, d OS(' up 20. Ch' ''''''''"PheriC", ,," y

Set 8144 " Space sbuttle«, 12 fir st-flight slides OM 24.00
L ST !'ll 11 0M ' . al:Jll 2. Voew t'om TIle t"",,,,, J . TowI" clea. 4. L",,,":11 proWe ~ I'uyioad b ay 0l~'" ~ S IS wntroi Hou ·
,II'" 7, In o rbil, I",~ h seen Ill,ough Ihe WlndO_ B, Rob Cnpp" n "' mld ·oe d 9. John Young 10. Approar,hll'!I1ouchdown
I I. All.. , 501,"OOU.S in sp;n'Cokltnbia .n1" rns 10 r arth 12. As1ron aul sC,ipp,," and YOu"l "m<'Ige aile, "'" ~UCCf)'SS1uI mission

Set 8150 - s tars and Gelaxies«, 30 astro color sli des. AAT 1977 - 1982, OM 40.00
I The P,"~Io-AL,, 'ml >"3 9 " T"''''''-'''l''' ,: fIo. fIo.T)~ fIo. P,Tt.">om<:o3 f"e'U>\><l Co"'r rOC""W Ie4 ""(_..wa, \t ,~Pt'm<lf OGlIs~ . SI,,, I ,,,",
I" Ihe *,,'1'16 Ci,cL.m p<lI''';;'. ' T, . ~ , I .C"" V:" r"gA NGCo12HH.Th<> SMdlG", ,,, y M83 f NGC~2~1; 1 9 . 1 h e { I" Ca" """ N " blJl~ 10 fIo.~ '-l-"~l

0 " "",0' St. " NGC3?93 II A P,,, ,,,\;,, y Nebe l•. NGCB:102 1? The 1 ·,fod Nd lUI" "' 20 (NGCHoI4I ' 3 ,Th e C",,~ N " I,, ~a 14 S """" o"",,:'
I" ar>:1 "-K lCUb4 15.' '''' 1;01" Ntit,,-,a .N(; C7;>?::l 16 A W" H l" y('f SI.., ,n NGCn59 1'1 1\ Sf"" 1G~I " ,y ~C2!197 Ie "' es sie ' 16
(IIlCCtif,111 19 The 0,,,,,, No>l>Oll. 20 1>..0>.1 " nd I..... "' S"9~I""uS NClC651$.90 2U'GC6 1&4.,'!>. The """"""""Y ....ou nd HDI4893 f
22 0.,5' 00101."" Doe" C.....'o, NGCGS20 23 Tho Sp'.1 GaL,,"y 1IlCC2.5314 " "' "",,-l oSS$I ... . lC222tl 25.TIleJOloOel Br>x NGC4755
l'6 lOC<ll C'oup Gala. y 1IlGCf,82~ 17 Cenllal Reg""' .." IIlGC51211 23 1""".,aSfIleGalar.lrC C(>nlre29n ", T,ap ,m om XI.T""1nhciSla'5

k lLJmj~iberichte Teny 0 B;tlan · ' ahost' . 14 · Po"!""80 . 0 8523 Ba;e" dmf
Tel. Wesl Germany 9133-855. For Representatives see cover page 2



OUR GREATEST now with reduced dimensions!

, "
Case: 15 14 13

DISCRETE App li-
MO NOLIT HIC EQUIVA LENT

CRYSTAL w ith impedance tr ansfo rmation without impedance tra nsfo rmation
FILTER

cation
"rype Termi nation c,w Type Termination Cas e

XF-9A SSB XFM-9A ~Q I 30pF " XFM-9S02 1 8 kU 3 pF 13
XF·9B SSB XFM·9B soo c I 30pF 15 XFM-9S03 18 kQ , pF H
XF-9C AM XFM·9C soo c I ao or 15 XFM·9S04 2.7 kU 2 p F 14
XF-9D AM XFM-9D 5OO Q I: 30 pF " XFM -9S01 3.3 kU 2 p F "XF-9 E FM XFM-9E O ku l ' 30 pF 15 XFM·9 SOS 8 ,7 kQ op F 14
XF-9BOl LSB XFM·9 B 01 SOIH ..! 11 30 pr 15 XFM-9S06 1.8 kW 3 pF 14
XF-9 B 02 USB XFM-9B02 500 o 130 pF 15 XFM· 9S07 l .a kU a p F 14
XF-9B 10' SSB XFM-9S 08 1.8 «u ' p F 15

• New: 10-Pole SSB-f11 le r, shape lactor 60 dB : 6 dB 1.5

Dual (mon o lithic twopolo)

Matc hed du al pair (four po le)

XF-910; Bandwidth 15 kHz. RT = 6 kU , Case 17

XF-920; Bandw idth 15 kH,:. n T = 6 H 2o c aso 2)\ 17

DISCRIMINATOR DUALS (see VHf COMMUNICATIONS 111979, page 45)

for NB FM XF-909 Peak separat ion 28 kHz
fo r FSKm TTY XF-919 Peak separat ion 2 kHz

CW-Fillers - stili in c'screte techn ology '

Type 6 dB Bandwidth Crystals Shape-Facto r Termina tion C' W

XF-9M sao H, 4 6OdB :6dB 4,4 SOO Q I 30 pF 2
XF·9NB sao H, B 6OdB : 6dB 2.2 SooQ I 30 pF- 1
XF-9P ' 250 Hz 8 6OdB: 6dB2.2 soo n j 30 pF 1

• New !

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
0-6924 Neckarblschofsheim ' Postlach 61 · Tel. 07263 /6301
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