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ROYAL ATRCRAFT IESTABLISHUEENT FARNBOROUGH

German Groynd Radar Equipment

;‘Iaster Oscillator Unit Type ZP1OO of the Seetakt and
Freya Installations

by
D.I.W. Orchin

Summery

The unit described in this Note is, in genersl, a 500 cycle
oscillator with associated output circuits and power supplms. © Its ,
purpose is to generate a 500 ¢/s sine wave voltage which is used to f
produce the lMain and-I.F.Fs modulating pulses and the wave forms for the ‘
fast time bases. It also provides a lock for the slow time base.

Contents

1. Introduction
-2, ' Mechanical Construction

3. Circuits -

3.1 500 cycle
3.2 Valve checking
3.3 Power Supply

b4 Conclusions

B References )

6. Parts List

Appendix 1. Operating Data

Appendix 2. . Note on the Special Wire Wound Resistances.
F:Lg-l Front View of Master Oscillator ZP100)
Fige2 Rear View of Master Oscillator ZP100 )
Fig.3, S:Lde views of Master Oscillator ZP100 Neg. No.5610k

Nege No.56103

Figel)
" Fige5 Complete Circuit Diagram Ding.No.9718~B
«6 Basi¢ Circuit Diagram Diag.No»9709=B

Fig.7 The Oseillator . Ding.Nos10547~B



N

2

Introduction

* SEETAKT end FREVA installation werc built up. -

“shifters for setting up purposes. 4ll the outputs, except the one

’, ’ - Unclassified
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. The master Oscillator Unit Type ZPL00 (illustrated in f‘igs‘ 1 to4)
is one of a number of pieces of captured enemy equipment from which a

“The Unit was orlgmally housed in a metal box measuring 24" high
by 9" wide by 18" deep but since most of the equipment was recelved in
damaged condition this box could not be used.

\ Accord:mg to captured documents the sine wave voltage generated by
this unit is stable in both frequency and amplitude to within 0. 2% with
a distortion factor of the same order, but a check on this has not so far
been possible. However in view of the damaged state in which the unit
wes found it is unlikely that this is still true. This high degree of
stability appesrs to rely entirely upon a very stable H.T. supply, this
being controlled both be:f‘ore and after rectification.

Pive separa‘te outmuts are provided, two being preceded by phase

feeding the Precise Range Unit (ref.5.4) have Buffer output stages to
prevent variations in losd affecting the oscillator circuit. Variations
in the load taken by the Precise Range Unit are presumably so small as to
be negligible. .

Mechanical Construction

The Master Oscillator consists of individual units mount ed on a

* metal frame (see Figs. 3 and L). Most of these are contained in’ “thin ‘

“which the shafts pass, have been taken out and replaced at such an angle

sheet metal boxes of poor design, which are screwed to the frame, the
units being held in position by means of metal lugs attached to the sides
of the boxes which mokes the interior of the units most inaccessible.

It would appear therefore, that on the occurrence of a fault unit
replacement is adopted. Each valve has its own separdte box wihich
gontains all associlated components, except where this is not possible.
beoause of shape or s:.ze.

\

4t the top of the frome are situated four banlcs of' metal rect:.flers
used in the power supply circuits and in front of these, just above the
top of the cortrol panel, is a moving coil voltuetdr for menitoring the
regulated 4.C. mains. On either side of this voltmeter are the two
nains fuses for the unit, (see F:Lg.l). On the control panel are the
control knobs and switches for seotting up purposes, two test points.
marked "GENFRATOR - AUSGANG" for measuring the output from the oseillator
valve and also a microammeter {of checking the velve currents. It can
be seen from figures 3 and 4 that the whole of the inside of the frame
has been pushed bodily downwards, thus throwing the control lmobs out

of sligmaent with the shafts to which they are connected. llost of the
German couplings broke as 'soon as attempts were mode to turn them and |
have been replaced by British flexible couplings. The bushes, through

as to be as nearly-as possible in lipe with the shafts. The two ten-pin \

 plugs, fixed to the back of the frame, were originally intended to plug

FINE. ' As only a few RL 12 P10's were available at the time of

_ into'two rows of sockets at the back of the metal box in which the unit
was housed, but since this box was damzxged. beyond repair s British

twelve-pin plug was fitted and used in place of the German plugs (see

'f'ig.Z)- . Phée paper labels on sonle of the control knobs seen in Fig.l -

have beéen affixed with the object of helping the operator to d.:.st:.ngu:.sh
between the various controls. Originally only two controls weré )
accesslble Pran. the outside of the box, the TX PHASE ROUGH and TX PHASE -

Vi



e

-developed across this tuned circuit is fed to the distribution chain
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reconstruction it wos decided to replace this valve with a DDR2 (CV173)
end this meant replacing the German velve holder with a British 9-pin
holder. The heater voltage réquired for the CV173 is only 6.3 as
compared with 12,6 for the RL12F10, but fortunately the secondary of

the heater transformer wes centre tapped to earth so that 63 volts
could be obtained between one side of the secondary winding and

earth. Resistences 128/52 and 128/53 (both 7.250 ohms; were found
to be demaged and were replaced by 61 and 62 from unit 122 (see Fige5)
as no other replecements were available. Condenser 108 was.also demaged
and was reploced by 110, and the latter repluced by o sparc condenser 112
from another ZP100.

Circuits

The Unit consists essenticlly of an oscillator stage end voltage
amplifier; an input transformer and attenuator pad for feeding in 500

- oycles ffiom an external course; two phase shifters, one for the liain

Trensnitter (ref. 5.5) and the other for the I.F.F. Transmitter (refs 5.8J;
various buffer amplifiers and output stoges; a power supply unit; a
microamaeter for checking vulve currents cnd also oscillator velve

output; and o mains voltmeter for monitoring the regulated A.Ce mcins.

The nurbering system on this unit is sc complicated that it was
found necessary to simplify the Cuuplete Circuit Disgram shown in Fig.5
to the Basic Circuit Diagram shown in Pige6, ot the same time adopting
a more convenient system of nwibering the components.

3.1 500 cycle (see Figs. 5, 6 and 7,

The oseillator stage end volbage Eu;lplil’ier coprise units 120, 121,
123 and part of 119 (Fig.5). The oseillotor is a particuler form of a
Hartley circuit, known sometimes ns-a divided circuit oscillator. In
order to make it more recognisable this part of the circuit has been
simplified still further, first to that shown in Fig.7A and then as in
7B, agein renwdbering the components. The frequency of the oscillator
is determined by the transformer I (#4206 =nd the "varianble condenser”

circuit Ry Cp, Ry Cp, Ry C3, G 05 and Rg. The velue of this
"condenser" can be cdjusted by mesns of the control morked "FREGURNZY

to give five @ifferent freguencies verying in stops of 3 ¢/s. The values
given for these ﬁrequrmeies in a anplnved bonklet are 494, 497, 500, 503
and 506 ofs, but owing to the fact that the effective inductance ¢f the
transfommer (D + Lo + 2 (Fig.7B); is only 427 ml instead of 477 ull,
which is the value given in the Geruan Parts List, the mean frequency

is now 550 c/s. This discreprncy uoy be due to crecks in the dust core
sustained when the unit was daaged.  The omplitude of the oscillation
is limited to gbout 11 volts R.i.3. by the resistance Rg aond the
condenser Cg¢ (Fig.6) in the grid circuite The cutput con be adjusted .
by mesns of the veriable condenser Cg wiiich is coupled to the control ‘
marked "EIGENGENERATOR" ( self cxcited oscillator) and gives a '
variation of 2:l. Frow bhe oscillator stege the sine wave voltoge s
fed, through the switeh 8y marked "EIGINGEN" ond "FREMDGEN"

internal osecillator and external vseillator; to the voltage auplifier
V, in the ancde cirouit of which is the inductance Lp tuned to about
500 ¢/s by means of two O.1luF condenscrs. The purpose of this is
presumably to dmprove the vavefori. About one ftenth of the voltage

R1g to REA. and fron herc it is Ted through condensers to the various
buffer amplifiers and output stages. The input transformer®and attenuntor
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for use with external excitation comprise units 103, 113 and 122 (Rig.5,.
The primery of the input transformer is provided with tiaree pairs off
fapping points, giving input impedances of 6C0, 8CC and 16CC ohm
respectively, for the purpose of matching three types of feeder lincs.
It was found correctly matched for a 600 chm line. The attenuator pad,
which.is connected scross the secondary of the transicmer, is so
designed thot its effective lmpedance os prescnted to the transformer
secondary is always 10,000 ohna. By means of this pad the A.C. voltage
fed tc the grid of V2 can be adjusted go cunensate for attenuation ¢
in the feeder lines. The inclusion of this adjustable attenuater
together with the special efforts to maintain good watching under all
conditions is of particular intercst. The attenuation ol 21l normal
cables ot this low freguency ig very small and correct terminal metching
for relatively short lengths is of little comsequence. -It follows,
therefore, that the designers must have had in mind the use of long

. lengths of cable (of the order of mony miles; and this suggests that

the master locking of a chain of Freyo, or Seetaldt stations wos used or
at least scriously contamplated. The unit 122 forms the rough cdjust-
nent snd the potentiometer 113 the fine adjustuwont, the control for the
latter being naried "UREDGENFRLIOR". Originally the rough and fine
adjustuent together jive a regulation range of 13:1, buh since soumc oF
the resistances in the attenuator pad were daunged end cowld not be
replated this is no.longer trucs : :

The output #c the Lain Transidtter is precoded by the rough phase
shifter 130, the buffcr amplifier V5, the fine phase shifter R39 and
C26 and finally the output valve V6. The rough phosc shiftor consists
of resistance and, cepacity elements connected together to form o pil
network {sec Fige5), the sections.of which are switched in or out by
means of the control marked "PX PHASE ROUGH". With all six sections “in
circuit a shift corresponding to & x 4+2 Km (iee. 2542 W) can be obtained.
The buffer stage is o straight forvward aaplifier working in class A and
providing a gein of about 12. The fine phose shifter is simply a
resistance in scries with a varieble condenser, tue output being talen
from across the condensers The control for this phose shifter is
marked "TX PHASE FINE", 4 coupletc rotations of this producing o linear
shift corresponding to 5.5 Km. The cutput valvedins originally an
RL12P10 but sinece only three of these valves werc available at the time
of recomstruction it was decided to replace it with o DDR2 (CVi73,, =
British velve with siuiler choracteristics. This valve is matched to
the low input impedance of the wodulator by memns of the transformer L3,
which gives a power output of about 2 watts ot 17 volts, when teruinated
with the correct impedance of 150 ohiag.

The output to the I.2.F. Transwitber ds preceded by the rough phase

" shifter 126, sduiler to 130, the buffer raplitier V7, similer® to V5, the

Pine phase shirter RL7 and €25 sinilar to R39 and C26 and finally the
output valve V8. The output fras this valve is cuout 30 volts when
terwinated with an impedance of 50,000 chias. The contrcl knob for the

- rough phase shifter i5 nrked "NULLPHASE IT GROB" (zerc phese setting
1I, rough adjustment) and that for the fine phase shif'ter "NULLPHASE

FI FEIN" (zero those setting 1T, fine adjustment, .

The buffer suplifiers V3 cnd Vi are similer in every detail, both
boing fed direct from the distribution chain and both giving an output
of sbout 1 volt R.M.S. (when teruinated with sh impedance of 100,000 ohurts }
with spproximately unity gain. V4 supplies the output to the lain
Presentation Unit (ref 5.3) 'md V3 to a special nonitoring vresentation
which has not yet coume to hond.

 The output to the Procise Renge Unit is supplied direct from the
distribution chain, the value of this output being about 1.3 volts Rela3e

4
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3.2 YValve checking (see Pig.5,

The valve checking circuits comprise units 141 and 117. Unit 141
contains the switeh for switching the meter 117 into the anode circuits
of ‘the various valves, together with associated shunting resistances
which are elways in circuit. The unit also contains o sucll metel
rectifier which enzbles the output of the oscillator valve to be
measured when neccssary. As the meter 117 is very sensitive it does
not affect the operation of the unit when in circuit. The cight
positions of the control knob marked "ROHREN KCOWTROLLE" correspond to
the anode current of valves 127/b1, 129/51, 131/51, 133/51, 13L/51,
135/51, 123/51 and the output of the oscillator valve in this orders.
With the control ¥mob in position O the moter is removed from circuit.

The mains voltmeter 118 is actually a nlcrommeter with a linear
deflections It is used as o suppressed zero instruuent and is pre-
swaebly used in soe form of bridge circiiit external to the apparatus
whereby only difference in potentiol over a narrow rangc is indicated.
The instrument is celibraoted from 213V to 227V (Fig.l ) and prov'ldes a
very sensitive monitor of the mains voltage.

3.3 Power Supply (see Fig.5)

The power unit comprises the following subsidiary units:= 100 to
102, 105 to 112, 136 to 140 and 142.

The heater voltage for the oscillator valve 121/51 and the
amplifier 123/51 is supplied by transformer-1Cu, the heater voltages
for the resainder of the valves being supplied fron the transformer
102. Transforner 100 also provides the H.T. for 121/51 and 123/51 via
the seleniua rectifiers 136 and 137 and the smoothing circuit 109, 142,
105 and 112« To waintain the HeT» to 121/51 as constent as possible, a
atabilovolt is used in parallel with a fairly low resistance potential
divider consisting of 138/54 and 119/52=55, which divides down the voltage
in the ratic 7:ke The‘H.T. for the reucinder of the velves is provided by
trensformer 10l, via the seleniun rectifiers 139 and 140 and the sidothing
circuit 111, 106 and 112, this being divided down by the potenticl divider
141/61 and 1k1/62.

CQonclusions
A}

.
The mechanicsl design of the unit is bad fron the point of view of
maintenance, but this would not vatter provided there were plenty of
gub=units available.

Extreue importance seens to have been attoached to stabilising the
H.T. to the oscillator valve. To stert with the mains volitage is
regulated at 220 + G5 V, after rectification the H.T. is stabilised by
means of o stabilovelt and finally the oscillator valve is shunted with
the swarping resistances R, %o R (Fige6)s The design of the
oscillator is rother unusunl, but ¥t fulfills the necessary requirenents
and produces quite a good sine wave. The attenuntor pad is also of v
interest since it provides e meuns of adjusting the input to V2 over
quite a wide range, while at the same time keeping the effective
impedance across the secondery of the input trensformer constant.
The remeinder of the circuit follows niore or less standard practice,
except for the 200K in the grid circuit of V6. There seens to be no
epparent reason for having such a large resistance for a grid stopper,
but since it mokes very little differcnce to the operation of the cireuit
it is of little comsequence.

"

-
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The performance of the unit is on the whole reasonably satisfactory

considering the state in which it was originally received.

5. References
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Transmitter type T 106 (Preya) Rad. 156
Main Display Unit type NB1lO of Coast Watcher

and Freya Installations " 204
The Precise Range Measuring Unit type CK 106

of the Coast Watcher and Freya Installations no209
Transmitter of G.E.d.4. Coast Watcher

Installation " 210
Description of the Receivers used in Freya and

Coast Watcher Stabions " 223
Display Unit type OB 110 of the Seetakt and

Freya Installations " 220

I1.F.F. Systems used witn Freya and Seetakt

Installations. (Tech. Note in

6. Parts List

Unit Component
100 wains transformer
lol " "
102 " t
103 Input transformer
104 Qutput transformer
105 Choke
106 Choke
107 Condenser
108 n
(now 112)*
109 "
110 "
111 "
112 n
113 Potentiometer
114 Key, locking
115 Fuse
116 Fuse
117 Micro~ammeter
118

preparation .

Description

21VA; 220/100-275V; 2x6.3V
25VA; 220/100~300V; 90 mh
10VA; 220/2 x 6.3V; 0.84
10K/600/800/1600 chm

7000 ohm/150 ohm

LOH; Om4; 18H; 70 mA

LOH; OmA; 18H; 70 mA

L WP + 10%; 550V D.C.
"

5K 4 20k; 2.5 watt

2 way change over
Ly 50OV

14; 500V

200 11 4. 800 ohm

Micro-ammeter (used as voltmeter) 400HA

- -
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119

120

i21

122

123

12,

125

Component
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Description

51 Torroidal dust core transformer L77 mH; + %%

52 Special wire wound r esle.‘cLche
53

5}+ "

55 n

51 Condenser

52 "

53 " ’

~51+ n .
55 "

56 Selector switch

57 Resistance

58 1"

59 "

60 "

51 Valve

52 Condenser

53 "

b4 Trimmer Condenser
55 Reaistance

56 "

57

51 Special wire wound resistance

51 Valve
52 Block condenser

53 Resistance
"

55 ‘ "
56 "

51 Torroidal dust core auto
transformer

52 Condenser ¢

53 "

Sk "

51 Condenser

55 Srenial wive womid reaistansc
56 "
= n
E‘g "

1K + 55;7 0.1 watt
"

"
n

2500 pF + 5% 500V D.C.

5000 pF + 5%; 500V D.C.

7500 pF + 5h; 500V D.Ce =
10,000 pF ¥ 5% 500V Do C-
208,300 pF % O.1%; 175V

Single pole, § way

Ul + 5%; 0.25 watt

600K + 5%; 0.25 watt

LOOK ¥ 50; 0.25 watt

300K ¥ 5% 0425 watt

RV 12 P 2000

50 pF + 10%; 500V

10,000 oF + 20f; 500V D.C.
250 pF + 104 175V

Lil + 5,0, 0425 watt

3K+ 5%; 0.25 watt

15 1+ 5% 0.25 wabt

0.1 Watt
0«1 watt
0.1 watt
0.1 watt
0.1 watt
Cel watt
0.1 watt
Celiwatt
0.1 watt
Ol watt
Ol watt
Oedl watt

\n
A

0.7K
L(

1. 5n.
26 2K
343K
5K
1.57K
0. 98K
1.75K
3.85K
5K
7-25K ¥ 5

RV 12 P 2000
2+O.2+05pr+10‘/a
15V D.C.; 500V D.C.

Le5H + 7 0.25 watt
800 ohm x 5%; 0¢5 watt
20K + 5/u 0«5 watt

25K + 5,u, 0.5 watt

i\
AT

SNENEAY

ACAGRX:

X
X

R R e A C e R b
\

AT U A D An

e
‘UE

R

4951:\Hi

l M + lO/O, 500V D.C.
i 107% 500V D.C,
, zo o@o oP 4 20;‘3; 500V D.C.

5000 pP + 5%; 500V D.C.
5000 pF + 5% 500V DeCe
0.5 1P ¥ 5%; 500V D.C.
0.5 i 3 5k; 500V DG
180 olm ¥ 17o, Cul watt
25 olm % 1% 0.1 watt
25 obm ¥ 1%; 0.1 watt
25 ohm T 1%y 0.1 wstd
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125
{Contd, )

126

127

128

129 -

130

Component

L o 0
59 Specinl wire wound resistance

60 n
61 "
62 "
63 n
51 Cendenser

52 n

55 ¢

S o

55 "

56 1"

57

58 Special wire wound vresistunce
59 "
60 "
61 "
62 n
65 "
64 "
65 L
66 "
67 "
68 Resistance

69 "

70 "

71 1

72 "

o

T4 Sclector Switch
51 Valve
52 Bluck Condenser

53 Resistunce

i
55 1"
56 "

515! Variable condenscr
6l§i Special wire wound resistence
62

"

5l "
55 "
56 n
57 "
51 Valve

52 Block Condensers

53 Resistence

Si "
55 ¢
56 "
570
51 Condenser
52 ]
53 "
54 "
55
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Deacription

25 ohm  + Loz 0,1 watt

25 ohm # Loy 0.1 watt

25 ohm & 1% 0,1 watt

25 olm L% Qs 1 watt

645 ohn  + K% O.1 watt

5000 PP+ 5%; 175V

2500 oF & Djs; 175V
_SOOOO PF x 5,‘5 175V
1K £ 55 Ol wabt

5K + 5% 0.1 watt

100K 5y 025 watt
20CK + 5% Ou25 watt
300K + 5%; 0.25 watt

1+

ACCK ¥ 5 0w25 watt
500K 4 53 Q.25 watt

GOOK 4 57; 0.25 watt
Single pole, 8 way

RV 12 P 2000

24+ 0,2 4 0ub p?d ilU,’.:
15V D.C.3 500V D.C,
1M + 570,25 watt
800 olur 3 5%; 04 25 watt

LOK E 5% 005 watt
10K + 5530025 wott
60~1000 @} 5OV

5K -+ 553; 0s 1 watt
Te25K 4+ 5% Q.1 watt

RV 12 P 2000

24 0.2 4 0,5 pl' + 10%;
15V D.C.; 500V 0.Ce
800K £ 5% G5 watt

1K + 5y 0.25 watt

25K + 5%; 0.5 watt

3K X 57 0025 wabt
200K + 5%;,0a 25 watt
5000 pF + 5% 17V




.Unit

130
(Contda )

131

132

s

13 & 135

135
(see 134)

136& 137

137
(see 136)

Component

56 Condenser

51
52
53
S
55
56
57

51
52
53
Sty

51
52

53
Sk
55
56
57

51
52
53
5l

Special wire wound resistance
u

Resistance

Selector switch

Valve
Block Condenser

Resistance
"

n

Variable Condenser
Srecial wire wound resistance
1"

Valve
Resistance

"

"

Velve
Block Condenser

Resistance

"

Selenium Rectilier
"
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Description

2500 PP & 5‘/55; v
30000 pF + S 175V Da Co
1K  + 5% 0.1 watt
"
"
"
1
n
"
5K . 4 5% 0.1 watt
1t
it
100K 4 573 0. 25 watt
200K+ 505 Qe 25 watbt
300K+ 5%; 0,25 watt
LOOK  + 573 0,25 watt
500K+ 573 0.25 watt
600K  + 545 0025 watt
Bingle pole, B=way

RV 12 P 2000 ‘
2+ 02 + 05 HF + 107
15V D.G.; 500V D.C,

W o+ 55 025 watt
300 ohm + 5% 0,25 watt
LOK £ 5% Q5 watt
10K+ 575 Qe25 watt
60-1000 pF; 50V
7« 25K -4 5% Oul watt
"
"
"
n
D.D.R. 20 (CV173)
2K 4 573 0.25 watt
W o+ 55 05 wabt
150 ohm 4+ 5% 0.5 watt

RV 12 P 2000
2+ 062 + 065 |F + 107
15V D, Ce 4500V D.C.

200K 4+ Sy 0025 watlt
1K+ 57 0.25 watt
5K x5 025 watt
30K % 5% 0.5 watt
3K+ 57 0s25 watt

75V D.C.3 17 md.
"

"
"
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Unit Component Description ‘ 7
138 51 Stabilovolt STV 150/20 |
52 Condenser 20000 pF + 204; 500V D.G, ;
53 Resistance 7+ 5K + 1073 12 watt
54 Resistance 3K + 5wl 1 watt
139& 140 - 51 Selenium Rectifier 75V D.C.; 36 mA
5 " "
53 " L}
Bl 1 on
140
(see 139)
Ul 51 Seleniuwm Rectifier 2V D,Cy; 30 mi
52 Special wire wound rosistance 49 ohm + 1 Op 1 watt
53 " 394 ohm 4 0.1 watt
5L " 49 ohm 4 0.1 watt
55 " 2,8 ohm ¥ 0e 1 watt
56 n £9  ohm 1 37; 0.1 watt
57 " 49 ohm 4+ Li; 0,1 watt
58 " 3Le2 ohmn + 175 Oul watt
59 Selector .switch 2 role = 23-way
60 Special wire wound resistance 3K + 573 0,1 watt
61 Resistance 2.5K + 104; 12 watt
62 Resistance 12K+ 10% 12 watt
12 Resistance 1K + 573 2 watt

®
Replacements i
oo i ib S ,

Distribution:

40D, I, Se, - 120
De D, C.D. 24

ReDeC. 7

R.D.C,13

T.R.E. - 3

10 -
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APPENDIX 1 = Operobing Date |

The following H,T. voltaics were measured between the indicated
comnection tags and earthi=

Comection TageNow 119/3 123/9 127/9 129/9 131/9 13/5 13%/9 135/9

Voltage 39v  270v  1838v  188v  188v  260v  138v  188v
Total current taken frowm the miins: 275 M.

The following are D.C. voltuwes to carthie .

Unit Tage No. Voltage AVO range _
121 6 0a 7V 0=12v
123 6 24 3V O=12V l
131 6 L5V 0=12v

_133 4 240V “Omiy B0V
13 6 Le 6V 0=12V
135 & La 5V 0~12v

NeBs All the above mecasurclents were made with an AVO Model 40.

The following are 500 ¢/s voltage measurements taken on an
oscilloscope e

Unit Tage Noo RMS Voltage Unit Tage No. RIS Voltage
121 3 2,8v 129 3 5e 0V
4 11v 5 32V
5 L5V 131 3 Ce 5V
123 3 1.5V 5 6o 5V
5 12v 133 3 5e OV
125 3 1. 37 ' i oV
b &5 0 9V 104 £ 17V
6 0. 87 i
' 9 0, 7V 13 3 0.9V :
127 3 0a 57 5 O 9V :
b 540V 135 3 0. 9V
5 0. 9V ?

The above ave waxiuim walues with no sisibhle distortion of
any of the outputs,

Mains veltage 220V.

. T



. Unclassified

.
Techs Hote No. RAD, 232

APPENDIX 2 = Note on the Special Jire Wound Reslstances

The resistances marked vith asterisks in figures 5 and 6
are made of manganin wire, which has a acgligible temperature
coefficient, non-inductively wound on wooden formers sbout "
in diameter and 8" high. They have a very low wattage rating,
less than Cel wattbe This means that where the wattage to be
dissipated is more thon 0,1 watt 2 bank of such resistances
must be used, They arc used in parts of the circuit where
it is important that the value of the resistance shall remain
constant,

- 12 -
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