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1. This isv a sownd recarder working on the .aimetic tape priieiple, Sound i,e.,
spegch and Unrse are transformod intd variation of magnetic flux of sleotromegnets
called sowmul headse  These mmgnets have poles seperatod by a very smll gap

wnd the flux density is therefore, high; tha recarding tnpo oves across this gap
caplating o raptic clrcuit and any changes of flux are irpressed sermanentdy

o to the tupes  To repeet ar play back what has bsen recorded the tane is passed
across th: poles of 4 sivdlar mynet, the repecter heads The magtic field
wrictions cause currents to flow in the reseatwr hend and thesg are arplified Dy

he revcater crplificr and seused to on erteranl speokar or headuhones,

Te The Hecordine Toure
Zo Yhe toge is o nlustic copomd and is w0 bwoalr L7 4t widerpocs vesaonent

Glutartion ar too sudden tawsion, Iy cawty therclore, uot be swoaicd vhen it is
in the warlidng positions This iz awwred by a coreful sysie. of sotor SyCIL G-
isation as @plained belowy ovart froo this y handling the tore muwt be raduced
to the ziniaun necessory.

Il. The Arreratus in Genoral

Se The spparatus is in two sots - the Recordar cnd the Aplifier and duwing
Wwocking the Recarder is placed on the top of the aplifior (Fige 1je

be The pupply voltu e can bhe enything fros 110-250 volis at 25-60 cycles nar
5econds In the sunply line there is a SUre - supprossivy; chicke Ly 2425

(34 Ted. This i a double wound couponen secwged In the clroudt co it the
WO cnoies are in such line of the incondng supply: ey heavy twew.sionts ave
blocked by the inductance of' the chokes and by thelr antiphase windiing,

5w The two etars used f'or voltous testing are shuntod so that zll test points
show lhe suwe readdng; the solection of test poinits is accouplished by o
seleotor switchieo one for each weter (XIT and XIII).

B When the sup‘fply is svitched on the double pols noon lights aud the supply
18 aveilable up to 87 (XIV 4in Pige I); this switch puts the voltage o to a
windlag of the prilucy of the main supply transfosier Ule  Thoe particulsr winding
usod 1s detersdned by S8 (Fig. 7o) U3 has in its priuery oircuit an overload
switch, this has two contacts 1lightly soldered with o low meve solder and they ere
insarted in the core of the transforiear, If the lutte ovarheats, the soldue
softons oud the contucts soring apert, thus breaking the rinacy clreuit,

7o Uy ruttlng the recarding lovar (I %0 "Gecod® cusi thy —obor lover (I} Lo
"Fommrd* the arparetus coxiencos to recos. ool It fhe for: of voltase vordiations
rogeived viz the Lnput lesds  Yhe tane M Sro tho lerd loand soonl (I11) over

o voller {IV) ard caross thrce sound hewds (Ve Mho fizet 15 tim “wisdingt hesd
(Ve) whnich applies a saturation flux to the tune and removes Ly soevious recocddnys
the second iead %o the recarding head (Vb) muc tho trdrd is th oo toring @ roe
veating hou@ (Vo)e  From these the tupe peosos bobvee: o ribbar roller (VI) and

a steel roller EVII Ji tho steel roller is coutrolled to tho ve uired saved by o
tpping: switeh (VIII) o the agplifier set and hence the tape soecd 1o also cone
trolled, During recording tive lef't hand Srool is 1dling and the oishit hond 500l
is belny drivend Fer Dlaying tack the motor lever io put to the buduawd pesition
and the tune is rewound wn to the left hend szools  The cotar lover ic then re~
Ruwied to the farward position, the recording lever romoining ot "Ropeut™y end tha
tepe rus fomard on dusing recardinge  The ddfference is that e wipdng hend and
the recording heed cre out of elrcuit end oaly ths repeatar hoad is tuwnctianing.

8q The Amplificr set contodns the rocording wipliricr, the ropoating soplifice
aid an osclllator stage with push-pull outiute e osutiut froo the recording: head
is takes to the recording am:lifice and the outy,ut fron Lhe wonltor or rapeatar
head to the repeater amplifier. The oscillator whose frequency is veriablo by
@oans of the tapping switeh (VIII) controls the spued of a synehronous uoltor;

oz the shurd of tils uotar is the steel roller (VIIN). Henoe the oscillator cope-
trols the twre spead,
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I1Il, Sveed of Recording:

e There arc ning sneeds atl which recosdings say be mades They are 9,13,18,
26,36,52,72,10, and 120 or, per seconds Speech noy be recorded at any spesd
but the optiiaes is at 52 due to slizht uwievoncss in speed ot lower rotes and
due to the symchronizing 875 Lar, Thore must be no varintis. botucen recording:
and repetition speeds in suesch recording othermrise walaotelliible resulis Ly
occurs  That i if o record is :mde at 32 cie ser second ther 14 rust be played
bacis at that speed,

10,  The sveed of Larse recocding vowies cocorddiyy to teuscdtiad sooed;  AF
this iu dsh then in geneccl the soeed ol recording should be higsh, The reuson
for this is that in ovder to read nigh speed lorse it way becaue necessary to slow
dowm the repeating speed by oo imch cs a quarter of the orlginal spcode  Whon a
rocoraing 'as to be slowed down on repetition tho piteh ey be then too low

for gudibility. The pitch uay be incroased Ly the -se of the rotating Lonitor
nead (IX in Pz I)s  This nend cosisia of fowr slectro.agnets in one (Fiz, II).
arrafged in circular foruw; when its essocicted wotor iu switehwd on the heuwd
rotates and presels & succession of cound lwads to each part of the tupe, This
results in raising the piteh, but not the spoed, of repotlition, ite motos spcad
is oontrolled by ueans of the knob X in Mie Ia

11, he total playing tiues of a full spool at various speeds 1a shown in Table
I, the equivalent speeds in inches per second is indicated in Tuble 2

IV, Overnll FPraguengy Response

12, The overall froquency response of the couplete wopwratus shoun in Fig.IIT
with different tape speeds; the effect of tho tone ocontrol (15 and P17 - See

Para. 30) is clearly shown up to speeds of 36 cuse/seconds  Abovs that speed there
is no noticcable corrsction,

Vo . The Nacorder Sat

1%  The Recorder Set (Fizs. I and IV) contains g-

(1} TFour motors Mad - M;)..—‘,'. Moal is o giiciironous otoe and Mo = L 010 U.Ce
otorsy  Mo.1 is not strictly o motor sicce it derives its motion directly ty
Iriction dvlve fro. Moele A1l tho rotors luve selvnical braies aomlied to then
by the motos lover ST,

(11) Four sow:ds newds Ki-tl.

X dSendtoaring Head

X2  Recordling Head

L3  diping ar Steipping Head
K4  Rotating Nonitor,

(141) Fow switches $1-8le

51 The motor lever, This coatrols the revarsing
clutch (XIX in Fig, I) for Moe3, the brokes for ail
motors and the electrical switching,

52  The Recorder swlich,. This controls the electrical
aviltching for the sound lLeads,

53 Switch controlling Il Jhet the knob is twned to
"on" a potentlomcter P8 is put in oircuit wad further
turning of $3 gives a speed control faor K4 by alter-
ation of k&,

84 The Doostler Press Button. This boosts the wmotors Moo 3
and Noo 4 by momenturily applying tho full auto-trensformar
voltage to thew; it is wsed to synchronise the motor
spoed with the slecteonie ountrol in the Amplifier set,

14 Supplics to Moe3 and Mool are taken fro- an autolransforier U6 in the
explifier gete  The supply is controliled by the tapping svitch which also controls
the oscillator fraquencys, The epeed of Mred is thororfare rolotod roushly by
verying the inout to Koek and nore wmenrately by the oscillator,
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15 The switching sequence is a3 follows j-

A to record - 81 to forward position, S2 %o racords

B to rewind = 51 to backvard position 52 resains at repaat
C to repeut -~ 81 to forward position S2 remains at repeat
D to stop - 51 to stop, 2 ramining at repente

16, A Recard

dith 51 to forward and 82 to record the following ocoours 3=
1) All brakes rewoved frou the motors,

2) Clutch (XV in Pig.1) operated to connect fidction dcive F3 to Ho.3
3) 51,end S'lsccxmect supply to Uoe3 in the forward position and

the right hand spool is dviven.

(&) s1 sﬂvrl‘c-clws in the supply to Mook and the suwply to 0.2 anly as

far 49 the next switch 83, Yo, 2 alwzys pets the full autotransformee
outpute

(5) S‘leswitciwa in supply to lic.3 via the sreset resistunce P, e

(6) 81 switches an supply to oscillitor valves Roe? - Roek (PigeVII)
7

(7) S2 pwitches in X2 to the recording auplifier,
1

(8) 82 comneots X3 to 1ts sowrce of DC supoly in the Amplifiac.
2

The apparotus is now recordings If the tape is too slack or the tension
100 great this noy be remedied by changing the spesed of 0.3 relative to losle
Tids elteration is done by the proset resistuice Po9 (ses scction Hle

+ synbols of the form S‘laindicate contact Hoe2 of switch Hoele

17 B Rewvlngd

with 51 1in the badmard position and S2 remaining at repeat, the following
sequarice of operations occurs 3=

1; All brakes removed fram the motors,
2 S‘lja,nd S1hoo¢mect supply to Xo.3 in the reverse position and the

lef't hand spool is driven,

E;g Tho clutch charged to comect friction drive Fi o ke 3. '

4) 81 131-.-11:01103 in supply to Moe3 vin the preset resistance Wo0,  This
suwrly is the Mull avtotransforiwer output and the spscd of e’ on
rovingd is much higher than on recocde

(5) Lotk 52 1and S22a.re out of circult and the recarding hecd and the

wining head are inactlive,
18 C Reveat

51 15 switched forwnrd and 82 rempins at ropect; tho follosing sajuence
of osorations occurs g-

2§ Clutch operated to coamect fidction drive F3 1o line e

g‘i) All brokes ramoved from the motoss,
5

o1 2a.nd 51 jcmnect supply to 0e3 in the farward position and
. the right hond spool is driven,
(%) s Gswitchea in the supply to Moek and to liceZ2s In the case of

the latter the swiply voltages is anly up to the switeh 93 (X in
Fige 1)
(5 S1sawitohes in supply to Moe3 via the preset resistance k.9

(6) 1 7sw:l.tchas in supply to oscillator valves 1ios2=Roel (FigeVIL).
(7) 52 and S2 ere out of cirouit and the recording wad windry hoads

1 2
inaotiva,
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81 to stop and 82 rewning 2t repauts

25 Clutch disangaged.

1) A1l brakes on.
53/ A1l contacte oper.

V1, The amplifier Set

20s  The Amlifier set is in thwee rain parts -

gag The Oscillator stagss.
b) The Recording amplifier,
¢} The repeating or monitoring anglifier,

411 of these as well as the Recorder set oblain thelr power sumwlies fram a
single frarsformer U3; al dece supplies are rectified by metal rectifierse fThe
cuoothing is nccomplished by choke~capacity wethods in the usual WaY

2% Yo avoid dameging the apparatus with D.C, supplius o double pole neon is
vrovided zacross the suply lead; on IC only one pole 1lights but on A.C. supplies
toth poles lirhts  Before conuection o U3 via the swlboh 57 (¥ige 1) the suply
voltage 48 uetered (Instrusent II Fig. 1) An adjustoont can then be cade to %he
priary topping of U3 by a tapping switch Hih

22+  Honitoring points are drovided in tne cellode or 211 wlves, o seloctor
cwitches (MIIT and XII Fige I) connects &1l theue voints throush Ivstrwients I
and II (PiZe 1) to earth, The P for 4o drives valve and the two pushwpull
valves iz only switched in when the motor lever OI (IT i» 1ige I) i5 in the
forvard pocition, This is= to ensure that Mo.1 is rotating: so that the 14eld
resistancs attains its masdmun welue as tae T is apnlieds

23 A Ihe Oscilletor Section.

This contains the four valves Rali-i084e o1 is & sentoae with anode,
scroon and sup;ressor strapped tojetiier o8 o btriode, It is 2 conventional tuned
anode oscillator with foedbock from the orle  This foedbuck is by woy of a
tartiary wound transformecs The other functions of this transfonmxe are ¢~
couling to next stage and fsedback fra. push=pull staies The ascillator frequency
i3 low and variable and its veristions are controlled by the tepping switch 56
(Ploe I)e 4 find control of frequency is effected by food=-buclk fro.: the vvoh~pull
stage via Up and the variable resistor PL (Pise 5 and XVIII iu Pige I)e

2y The oscillator quiput is taken %o the &rid of a pentode acting as a twiode
with its scoreen and suppressar strapped to the anode; this valve is a driver
for the push-pull stage; its output is taken to tiw urimary of a phase-splitting
ransforuer U5 the secondary of vhich is cantre-tapped to exthse  The anode loads
of the two pushepull valves ore the windings of the field oif .woi,.

25 Tne sctual wrocess of speed contiol of iol is as follows g=

For example consider a tape speed of 9 ary/sece This means
that the roller (VII in Pigs I) must rotete so that 9 cro.
of tape are passed ner sscond, Since the clrourfecence of
the roller ia 11,9 cus. then it wust have a sogeld of
rotation of T%_ tles per sccind.

L 2

9

The uotar ol has 29 poles on its rotor; heucs ror a speed of 9 em. of the
tape the nwker of rotor noles that have to sass a Jgiven point in oce second is
I %29 =22, The oscillator frequency mwt therefore be 27 o028 in order
1e9

that the lasulses rdven to cach pole by the ricld sre at this (22) vate mar socond,
A tedle (ITI} in the appendix shows oscilatos frequency plotted sgainnt taLc speede

260 D ‘fhe Recordin- Amplifice

“hds conprises two stoges; the Tlrot BWge 1s w pentode wita nigh culie It
is coupled 1o the noxt stage by ai: RS avtusck op lavge tine constant to avold
distortimis  Lhe sevand st e is a periody woLlvy aso o triode with o wansfarior
I it anode ofrcuit; the transforrer notones the Qutiul Yo tho recopaur . ouce
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27,  The first stoge has a varisble geid led P1 (XV in Fige I) which occts og

a conlrol over the input voltages  This control is mondtored by toking o sidetone
from the twransforuser Ut (Pig. 5).  This sidetons is rectifiod ond vassed to
Instrusent I (Fige I)s Satucation of the amplifier must alwoys be avoided and ot
low input fregusncies the mouitoring level should be well below the specified
warking.

28, The output of the second stage is taken to the rocording acd wiping heads
in tho uanner shown in Fiz, 6, A standing cwrent is passed through the wiping
head and provides the A.C. field for rewoving previous recording, Fart of this
cwrent flows through the recording head to pre-excite the magnetic tape so that
it will be ready to receive the A.Ce speech varintions,

The coatrol P2 alters the current distribution in this eircult so that wore
or less cuwrent flows in K2 according to whether P2 is lucreascd or dscroaseds
sondtoring of P2 is done on Instrunent I.  There is an optimmr vnlue for evary
sowwdl heads

29 C The Remeatine ar lonitoring Anslifier

This iz three-siage and RC coupled; the input from K1 to K4 is {ransferred
by U2 (Pige 7D) and applied to the grid of the first stage. '

50s  All three stages are ventodes, In the output civcult of the first stage
Ro) thare is a tone correction network C15 and P7 is a vuriable resistar and

is on the same shaft as the oscillator tappisg switch 56, The mechanical friotion
of the tape srninst the sound heads gives rise to hiss and this increases in
frequency with tape epeed; 15 and P7 yrovide a shunt to the nigh frequency rdas
which shunting effect reuming proctically constunt in wvalue over the ole
froquency of taze hiss (due to P7)e

e In the o*.f‘i:put civcult of the second stope there io another filter circvit
€19 and Dr3; this is an attapt to gut rid of wnanted vary low {requeicy noise
and isodulation fraw speed irvesuluarition,

Se  The third stege derives its ;pld luput from a potentiometer in the usual way,
thds potentiozeter P3 being the manual voluae control (XVI in Pigze I)s  The output
from the third (and last) stage is taken from the anode via a coupling condensers



TABLE YV

LIS OF COLPOILNTS

(A) RESISTORS FIXFD AMD SEIVARTABLE

REF, Noe in Circuit Value (chim) Ratin~ (vatis) Remaris
We 1 900 .
2 40 1
3 250K *
4 20K ;
5 100K 7
6 1 . 5’1 Fl
7 1eLK 1
f 12,5 ;
9 SK 7
10 5K L
11 2K 1
12 20 71?
13 600K &
14 900 1
15 L5 1?
15 250K ¥
17 208 e
18 100K %
1 9 ’ 1 . 5! T
20 250K 1
21 12,5 i
22 600 ;
23 60K ]
2 20K I
25 600 1
26 12,5 -,‘;
27 60K 7
28 208 7
23 170K 7
30 350K 1
3 50K 1
32 10K 1
33 50K 5
3 500K i
35 2K 1
36 20 +
37 1 }
38 ZK %
39 3K ¥
&0 1K 1
i 9 2
L2 3K L
43 20K 2
Ll 100K 5
45 10K 4
46 20K ‘?
47 10CK .
48 10K g
49 ik
20 g. g Wire wound Rating wilknown
5 °
5 ik . & " " " "
53 B 100
Doea not appear in Circudt diare: ar in apparatus.
5 100K 2
55 250 %
56 2 Does not eppear in Clrcuit dimgra: ar dn anpccctus,
57 )
58 )
59 X oW
60 500 Present wircuomd resistor

61 Loes not appear in Cireult éluiran or it apnuratus,
62

63 10K
64 100K

-
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17.)

15

)

22,

23.}

25
3
29,
300
51.3

53e

55
36s

37

53

&)

COPY/DWD,
IAMEY  LIST OF NUMBEAWD CONTACTS

Earth
Camaections to Fleld of Mou1 from Osclllator

;

)

1T Supply )
To Ro3 and Rol } Nwi)arad pins

/

Two Recardm'

Autotransformer to Mains Pluga

DG Supply to Wiping and recarding Head

Earth

Insut to repeating amplifier
AC Suwply to Oscillator HT Rectifiors

Not oamected,

Heater Supply for Rob1 = Roil.

Caonnection frow C15 to tone Cantrol ¥7.

AC Supply to metor rectifisrs (to measure supply voltage)

Hot connscted.

IC Supply to wiping head,
Comnection to recording heads

Cannection to 82,

Camaction to wipir: head,

Input to Repesater Amplifier,

Not connected,

Surply Voltaze to Autotransformer.
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Table VI = 32 OF COLTONIIND {Conttd)

REFe Ho. in Circuit Yalue (ahrm) Ratin: (rotin) Remncks
T, 65 100R
66 1008
€7 104F;,
68 500 5
Preset wire-gound
resistor,
69 5K y
70 g Do not appear in circult diagranm ar apparatus.
Vil
72 Across Choks ime 22) In eircuit diagram dut not in apparatus,
73 Peom chake Dre 23 to earth)
(B) Reslstors Varinble.
Pe 1 500K
2 100
3 500
L M
] Does not appear in eircuit excent in some modified sata,
6 500F.
7 2K
8 1X
9 1K
(C) Chokes
Dite 1 Decowling
2 Decoumling
3 Tone Correction
i)
5 ) Smoothing
|
. 7
8 Does not appear in circult ddagram or apparatuse
9
)
11 g
12
13 ; Smoothing chokes.
14
15 §
16
17 ) Not in circuit diagram or apparatus,
18
19 Spark Suppression.
20
21

@EE’ R

L

Smoothing

Double wound choke: Surge Suppresaion,

(0) Transfocmars

Output Transforuer

Imput mtchin: transforiare
Nadn HT and HMector Tronsfarrer,
Tertiery vound 0/ 4ronsformer,
Phase gplitéing Transidrmar,
Autotransformer.

O s [ =
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1
2
!
2
6
7
3
Y
10
!
12

Ce

Tab

le VI =

-3 =

LIST OF CQRPOILIID (Conttd)

30e in Circuit

ot in circud

.Ob + 005

905 + 105

Ratin: (DC voles)

Value (uF)
» 01 1500
20 8
1 250
1 250
Qe 25 250
20 3
300 8
« 005 500
300 8
1 250
20 3
1 250
4 25
1 250
« 02 77X
1 250
20 8
1 i 250
W02 serut v 750
+ 02 750
20 5}
1 250
1 250
50 100
50 100
t diagran or apporstus.
1 250
1 250
8 500
8 500
50 100
+ 005 1500
dot in clreudt digras or sovoratiis.
300 8
2 500
Qe 25 250
50 100
50 100
& 500
2 500
Oed 500
) 5Q0
0s 26 500
Qe 16 500
0. 11 500
0,055 500
003 500
Q.023 500
50 100
0,02 500
Not in ciroult diajrem or asporatus.
J
+ . 05 + 05 500 5
/
+ o055 + 409 500
+ 05 + o 05 500

005 + o0

Electrolytic.

Electrolytice
"

Elsctrolytlio,.

Electrolytic,

Elzotrolytic,
]

Electrolytic,
n
Elsetrolytice

Aoctrolytdc,

Slectrolytic.

Electrolytic.

Special smooihing
COULTIE G,

vev clrcouit.
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o
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SRVEIRSGE

iioe in TMirgult.

CABLE VI = LISY OF COZGNITN (Dant'd).

Value (uF)

iatiug DG velbs

005 + ¢05 + 405 + 40D 500
«05 90
#05 500
«05 20
+05 + »05 500
«05 + 405 500
05 Y0
w05 300
e 50
«05 + «05 %0
Sea CB6
8 +8 750
Not in oircuit diawmras or apparatus.
(with C.81) W05 + &05 500
50 100
«05 500
«05 50
205 530
v05 + &0 500
005 + +05 500
# 05 500
05 R0
« Q05 E00
sec ¢ 106
« 05 750
205 750
0s1 750
Yot in circuit dlappom ar aplaratus
205 500
«05 500
(with C98 and €99}
«05 + 405 + Qs 500
« 01 500
oM 500

Conarks

Srecial smoothdng
condengexrs Se6
circult,

Electrolytics

Electrolytic,
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FIGURE 7D







+ 300v. + 95 V.

= K3 WIPING HEAD

—— Y
-------- g
— I_:% F} K2 RECORDING HEAD
po > MONITOR TO
CVORMAG” ? INSTRUME-‘NT I

FIGURE VI : simPLIFIED CIRCUIT

OF COUPLING TO RECORDER HEAD,
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