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FOREWORD

The "Zeries Seven” Ferrographs comprise a range of magnetic tape
recorders having salid state electronics and electrically operated deck
function systams. They include both monophanie (single channal) and
stereophonic {double channel) recorders with various track configura-
tions (full, hall and guarter track), and certein models are available
with or without output stages,

Apart from the changes in the head line up snd the duplication of
the amplifiers in the double channel models, the systems are basically
identical and consequently one manual suffices for the whale range.
It covers in detail one single channel, making special reference to the
cross linking arrangements and special facilities of the double channel
instruments, where applicable.

The handbook is divided into two parts. The first gives a comprehen-
sive description of the operation of the recorder, and includes all the
basic functions of the instrument. The second part contains more
advanced operations and technical details which will enable the
anthusiast to utilise fully tha facilities of the Ferrograph.



FERROGRAPH SERIES SEVEN

GENERAL SPECIFICATION

RECORDING MEDIUM
Magnatic tape, 1° wide, on reels of up to 81" diameter.

TRACK WIDTH
Full track — -248 in, (-3 mm.); & track — <083 in. (2-3 mm.};
& track = <043 ire. {11 mm, ).
HEAD GAP WIDTH
Record head — 260w in. {6-3u) ; Replay head — BDw in, (25},
OPERATING TAPE SPEEDS

Threa (3) = ?3, 32.1F in/sec. (18, 9-5, 4-75 cm/sec.)
Suffix 1 15, 74, 31 in/sec. {38, 19, 8-6 cm/sec.)

TAPE SPEED ACCURACY
Batter than + 1% (at specified supply frequency).

PLAYING TIME PER TRACK
2400 fr (720 m.) of tepe—1 hr. 4 min. at 74 in/sec. (19 cm/sec.)
2 hr. B8 min. at 3§ in/sec. {35 cm/sec.)
FAST WIND TIME

Continuously variable in either direction; at fast spead less than
1 min. far 1,200 ft. (360 m.) of tapa,

"WOW AMD CFLUTTER™
Less than O-08% st 7k ins/sec. (19 cm/sec.)
16% at 33 ins/sec. (3-5 cmfsec.)
0-20% at 1§ ins/sec. (4-76 cm/sec.)
High Speed Models {Suffix H)
Less than O-08% at 15 ins/sec. (38 cmy/fsec.)
108 &t 7L insf=zec. {19 cmyfsad.)
0-15% at 3 ins/sec. (9-5 cm/sec.)
FREQUEMCY RESPOMSE
Record-Replay, using Long Play Ferrotape type

16 infsec. (38 cmfsec) @ 30-20. UﬂﬂHz +2dB ‘!.
7infeec. (19 cmfsec) :  30-17.000Hz +2dB  +H
3% in/sec. (96 cmy/sec.) :  40-14000Hz + 3dB
{ 1% in/sec. {(4-76 cmfsec) : 50- 7.000Hz :I:EI::IB
REPLAY CHARACTERISTIC — DLLM. (NACB. on 117V madels)
15 infsec. (38 cm/sec.) :  36u sec, (BOuwsec. -N.AB)
7¥infsec. (19 cmfsec) @ B/I1EDu ﬁﬂ.!l:

33 infsec, (9-6 cmfsec) @ 90/31B0D
1% infsec. (476 cm/sec.) : 120/1590p 5&-::.

MAXIMUM OUTPUT (per channel)
10 Watiz R.M.S. into 8-16 £ loudspeaker,

AMPLIFIER DISTORTION
Lazs than 0-25% R.M. 5, at all levels up to 10 Watts,

SIGNAL TO NOISE RATIO
Unweighted, including hum, better than 55dB.—ref. 2% distortion.
Waighted (C.C.IF.), batter than 60dB. (} track—58dB).

BASS COMNTROL
Continuoushy variable up to 4+ 15dB at BOHz, 4 20d4B at 20Hz.

TREBLE COMTROL
Continuoushy variable up to +10dB at 10kHz, +15dB at 20kHz,

INTERMAL LOUDSPEAKERS
Twa (2) — elliptical 7 in. x & in. (18 em. x 10 cm.).

INPUT LEVEL (for full depth recording)

Migrgglnw?e: 0 eV-16my at 10K L Recommended Source: 250-
; Lk
Ling: 50mW-100 at 2M Lk, Recommended Source : any impedance,

CQUTPUTS (fromm full depth recording)
GO0 L : 2% at GO0 €2
Lonw Lesed : 300mY inta 10K 2 or greater
*Loudspeaker : up to 10 Watts R.M.5. into B-16 0

POWER SUPPLY
200-250%, 50Hz ; Suffix A: 117V, 60Hz.

POWER CONSUMPTION
100 Watts appraximately.

CHANNEL SEPARATION (Sterec Models Only)
Steran operation — approx. 50dB @ Maono aperation — beatter than
G5dB an 1.000Hz,

OVERALL DIMEMSIONS (with lid)

163" wida x 174" x 107 (425 mm. wide x 445 mm, x 255 mm.].
WEIGHT

49% lbs. (22-5 Kgm).

ALTERMATIVE MODELS
Suffix P Portable wood case, leather-cloth covered, with lid,
Suffix W Wooden case, natural wood finish,
Suffix 5 LUncased version,

*On Models 702 and 704, this owtput is replaced by —
Low Level Adjustable : up to 300mY into 10K £ or greater.



CEMNERAL DESCRIPTION

Tha Series Seven Ferrographs retain the basic 3 motor dnve system of
the earlier models, but have complately radasigned mechanics with
solenaid operation. This enables the tape to be started and stopped by
remote switchimg, and on Record and Replay the recorder can be
controlled by & time switch,

The main functions of the deck (Fast, Stop, Pause, Run) are selected
by a single knob, with a seperate press button for Record. On fast wind
the direction and speed of wind are governed by a separata control.
An automatic siop cperates at the end of the reel and the 4-digit turns
counter ig driven from the take-up spool.

Rael retainars are fitted to thie reel carmers, which will accommodata
&ll types of spool conforming 1o the international standard. Three tape
speeds are available on each deck, and tension amas provide slur-free
slarting at all tape speeds. The easy access head block gives straight
line tapa loading, and the deck can be operated 0 either honzontal or
verical positions

Each deck is hited wiath saparate Erase, Record and Replay heads, 5o
that aff-the-tape monitoring is possible whilst recording, and the Output
swilch gives instant comparigon of the original and recorded signals. This
can be done awrally on the internal loundspeaker or the signal levels
can be checked visually ar the metar, which can elso be switched to reed
the record bias.

Up to 10 Watts is available from the outpul stage and this can be
made subject to separate Bass and Treble control giving boast or cut.
Eithir intannal or external loudspeakers may be used and an altarnative
Low Leval cutput is provided. There is also a 600 0 emitter follower
outpul which will give a signal independent of the Qutput, Bass and
Treble controls. The tape can also be monitored on fast wind (but
muted 1o avoid discomfort} for sccurate place location on the tape.

On record. mixing is given by separate gain controls for the Micro-
phome input and the Line input {suitable for radio or crystal and ceramic
pck-ups). Al connections (except the Microphons input) are on a
panel at the rear of the recorder, and the instrument is mounted on 2
rigid metal frame which facilitates removal from its portabla case and
its inclusion in aliernative cabinats.
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FIG. 1, FERAQGRAPH — UNCASED ROTHL

The Model 713 is & monophonic recorder operating on the Uppers
half of the tape with facilities as described above. The Models 722
(% track) and 724 ([} wack) are sterecphonic recorders with each
channel identical to that of the mono recorders. The two internal
loudspeakers sre fed separately from two 10 Watt output stages and
a Racord switch allows stereo recording or mong recording on aither
track. On mona operation a switch can be used (o connect the cutpul
of either track to the Line input of the other track and this can be
utilised to produce “multi-play” recordings, or altermatively to give
4 input mixing on either track or echo without external connections
The Maodels 702 and 704 are similar to the Modeals 722 and 724, but
do not have power amplifiers or loudspeakers, the third output being
at lonaw lewal.
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IMPORTANT MOTICE

To achieve the lowest possible noise levels from any magnetic tape
recorder, it is essential that the record and replay hoads be entirely
free from residual {Le. permanent) magnetism, In ather wards, the heads
should not be allowed to become polarised. and therefore permanent
maqnels, or stael tools which may have become magnetised, should
not be usad near the heads.

Under normal operating conditions it is difficult ta cause polarisation
on the Ferrograph, since automatic demagnetisation is provided for tha
racond head by arranging the supersonic bias current through the head
to die away gradually on releasing the Record Button. Mevertheless,
therg are twa things 1o be aeoided. {a8) On sterao madels the Record
Modae switch (Upper-Sterao-Lower) should not be turmed when on
Record i.e. while the Record Button is depressed, (b} On all models,
large switching surges in the amplifiers should be préventad by turmming
the appropriate gain control 1o zero before removing or inserting an
input plug.

Observing the above precautions will avoid the major factors which
cause polansation. bt nevertheless, it it does occur and manifest
itself by increased hiss, iregular thumping noises in the background
and some distortion, the quickest and mosi comvenient method of
demagretising the record and replay heads 15 1© use the Wearte
Defluxer (Appendix B). The pole tip should be held against the waorking
face of sach head in tum for one or twa seconds, then the defluxer
slowly withdrawn well clear of the recorder before releasing the
energising utton.

It is also essential 10 maintain the working face of each head scru-
pulously clean and free from dust or 1ape oxide deposit, which waill
seriously impair ite performance. A special head cleaning brush is
provided with the recorder for this purpose and it should be used as
descnbed on page 44, This is particularly important when using new
tapes, which often have a cartain amount of surplug oxide ending 1o
collect on the heads and capstan/pinch roller, 1t is therefore advisable
to clean the capstan and pinch roller more frequantly when using a new
reel of tape, as outlined in "Care and Maintenance™, page 44,

Dua to comstant efforts to improve performance and com-
saquent modifications, it may be found that minor differences
exist betwesn the actual instrument and that described in
this manual. It is therefore essential to quota tha serial numbaer
of tha recorder when ordering any replacemant parts.
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FERROGRAFH SERIES SEVEMN

OPERATING INSTRUCTIONS

The carmrying handle 15 at the rear of tha recorder adjacent to the flap
covering the connection panel. This flap can be raised using the slot,
whean the handle can be withdrawn from ite recess. The cabinet lid is
removed by sliding the two knobs (one at each end of the recess)
away fram the lid, which can then be slid backwerds and lifted clear,
It is repleced and secured in the reverse menner,

When B1" reels are fitted to the recorder. they overhang the deck
slightly and must be removed whan refitting the lid. Smaller reals of 7"
diameter or less can be left on the deck, but it is inedviseble to operate
tha instrument with the lid in position, as this inhibits the ventilation
arrangemants. For the same reason, the squere aperture on the undersida
of t_hefcabmnt should not be obstructed, as this would stop adequate
air inm-tlenayr.

When tha Ferrograph iz to be operated vertically, the two studs at
the front of the recorder cese shauld be replaced by the two larger fest
supplied with the recorder. The two “press-in“'studs should be levered
out of their positions and the new feat screwed into the zame two
pleces so that when the recorder s stood upright. its front face is
inclined backward wery slightly, Also, the auto stop contral at the
extreme right of the deck control panal should be wmed so that the
screwvdriver slot is in line with "V (see page 20).

The recarder iz also supplied with a mains lead, a head cleaning brush,
hexagonel “Allen”™ keys (3B.A, 48.A end BB.AY and replacement fusas,

Note, AN subsequent referencas o “rmains” in this manual mean
the A.C. power supply e.g. the mains fuss,

CONNECTIONS

Except for the microphone input on the front panel. &ll connections
ara at the rear of the recorder fe, Line input, 800 £ gutput, Low Level
output and Loudspsaker output. The maing input is at the centre of
the panel with the mains and D.C. fuses aeither side. These are all 14
rating, size 20 m.m. long x § m.m. dia. except for the Mains Fuse on the
117V model (Suffix A) which is 20 mm. x & m.m. dia. rated at 2 Amp.
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Power Supply

The recardar should be connectad to the powear supply using the
Iead and sockaet provided, by insarting into the plug at the centre of the
rear panel {Fig. 3 or 4). The other end of the lead should be fitted with
a plug appropriate io the installaton (beown - Live, blue - Meutral,
green/yellow - Earth), and plugged into the 2400, G0Hz supply —
17V, 60Hz supply for models suffix A (for 2200, B0Hz supply soe

page 46).

Thee instrement i3 energised by the swaich at the rear centre of the
deck, when the "0n"” lamp will be illuminated

Inputs

Microphone

Medium impedance microphones (260-2.00014) can be plugged
directly inta the Microphone inpul (300pV-15mVY) on the frant panel
and reasonably lomg Ieads wsed (the maximum langth will depend
upon local conditions e.g. sources of hum, interference, etc) When
using a low impedance (30-50L1) microphone, a matching unit is

neugssan.r (e.g. TASIO/ML in appendix B) and very long leads can be
LIS,

Fid. T. JACK PLUG WIRING

Turer (radio)

The output from most tuner units may be fed directly info the “Line™
input. wihich will accept signals from 50mY to 1OV {inpul impedance
2M L1), and this will also apply to the “Tape”. "Tape OQutput” and
"Tapa Recorder” sockets on modern redios. Unless stated othanwise
in the twner instructions, screened lead should be used for this connec-
tion, In the unlikely event of the signal being too weak for the "Line”
nput. it may be plugged inte the Micraphang inpul.

When recording from V.H.F, (F.M.) stereo recamvers, no extra filters
are NEcEsSsany,
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On a radio without a special output. the best method is © use it
virtually as a tuner and 1o take the signal from immediately after the
detector stage, usually across the volume control, as this avoids any
hum and distortion associated with the radio output stage, A more
convenient method (though not as ?nu-d] is to connect to the extension
loudspeaker socket (twisted flex leads can be used). If the radio’s
internal loudspeakar is disconnected on plugging in, it is normally
necassary ta connact a resistor {usually 3 £1) across the leads to maintain
the correct loed an the radio output stage. If one of the leads is earthed
on the radio, this must be connected (o earth ai the recorder (to the
longer connection blade an the jack plug).

Mote—Great cara must be taken when connecting to a radio which
will operate from both A.C. and D.C. power supplies as the chassis
will probably be connected directly 1o the mains. In this case either a
fransformer or solating capacitors will be required in the signal leads
and it is advisable 1w consult the manufacturer (or supplier) of the
radio before sttempting t0 connect to other equipment. This doas not
apply 1o a portable radio operating on its own internal batteries.

Pick-up Cartridge

Ceramic and crystal pick-ups can be fed directly into the Line input
a5 this is high im nce (2M L) and is capable of accepting large
signals (up 1o TOV). If a crystal pick-up with a very high output is used,
such that the Line gain control iz operating over a very small part of its
contral range, the output can be reduced as described in the Technical
Section. page 46.

With magnetic pick-ups, some form of cormection i necessary 1o
produce a lavel rasponse from thaeir walocity characteristic owtput, and
usually a small pre-amglifier is used. The circuit of a suitable pre-
amplier, powered from the Auxiliary Socket or a 48V, D.C, supply,
is available on request.

For record playars, radiograms, eic., having their own pre-amplifiers,
thase should be used and connected as for a tunerfradio abowe.

Dihar Sources

When the signal is obtained from a source not mentioned above, the
correct cannaction will depend on the signal strength and impadance.
Mormally most signals may be fed to the Line input {50mY-10W}, but
weak signals should be fed 1o the Microphong input (300eV-15mV},
In cases whare there is some doubt, the dealer or relevant manufaciurer
should be consulted.
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LOUDSPEAKER LOW LEVEL

MAING QUTPUT OUTPLT
INPLUT MAINS
PLUG FLISE

L ]
L R
000060 ®
T
AUKILIARY LIME
- SOCKET D.C. FUSE INPUT

GO0 G
OUTEUT

FiG. 3. REAR FANEL—MOND

Dutputs
Loudspeaker

The Loudspeaker output will provide up to 10 Watts undistoried
cutput into & 15 or 8 £ external loudspeaker for high fidelity listzning.
Plugging into this socket automaticelly disconnacts the internal
lardspeakar and the external loudspeaker signal is then governed by
the Qutput, Bass and Treble controls

Note—As with other tTransformerless powear oulput stages, cara
should be taken not 1o short the speaker leads to each other, a5 this will
probably owvarload the amplifisr and blaw the C. fuse, The faulty
connection must be comectad and the fuse replaced before the amplifier
will function again. On the stereo models, there are two fuses — one
for gach channgl — 20 hat anly one channel will ba inoperativa whan a
fuse blows, Howevar, the oscillator is powered through the Uppsr
track fuse and should this blow, it will not be possible to record (evan
on the Lower track) until the Upper track 0.C. fuse is replaced, On no
gcoount should anti-surge or delay fuses be used.

Arnplifier

If it is required to use an external amplifier and loudspeasker, either
instead of ar together with the internal amplifier and loudspeakers. it
may be fed from the 8000 output. This is an emitter follower giving
approximately 2V signal at 800 £} impedance from a full depth recording.
ard while the impedance inta which it 1s fed is not critical, impedances
of lezs than GO0 L will reduce the output available. I the internal
loudspeakers are not required, the Output control can be twmed To

zero as the B00L} ouwtput is independent of the Cutput. Bass and
Mreble controls.
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LOUDSPEAKER MAINS LOUDSPEAKER
OUTPUT INPUT OLUTPUT
LOW LEVEL 0.C. FUSE FPLUG  palNg LOW LEVEL

TRUT ; FUIEE QUTPUT
LOWER |

T '

LINE AUXILIARY D.C. FUSE LINE

PUT | T = R —— E INPUT
OUTPUT OUTPUT

Flti. 4. HEAR PAMNLL--STERED

It it s required to utilise the internal tone controls, the amplifies
may be fed from the Low Level output (300mY at 2-5k L)) provided
that the amplifier input impedance 15 10K 4 or higher.  Again, if the
intermal loudspaakers are not required, they Can be silenced by turning
doveny the Qutput control, Howewer, the signal is maodified by the Bass
and Treble contrals and this is useful when replaying tapes feconded
to & characteristic other than that of the recorder. On Models 702 and
704, the Low Level Adjustable output could be used, when the signal
can be adjusted by the Dutput control.

Headphones

If it iz required 10 use headphones, these should be plugged into the
Loudspeaker output. Although thaer impedance is not crtical, it is
rcommonded that theis be 1004 or highar, as with lower impedance
headphonas the Qutput contral setting mey need 1o be very low indesd,
in wigw of the large outpul power availahle,

DECK OPERATION

The deck of the Series Seven Ferrograph has been designed for single
knob control of the major operations, the Function knob baing situated
at the front left of the deck, as shown in Fig, & It has four positions,
“Fast”, "Stop”, "Pause” and "Run” and should be at "Stop” when
loading or adjusting the speed controls.

At the centre of the deck, adjacent to the turns counter, 15 a small
lamp labelled “Reset”. This lamp s operated by the “fault” relay and
hghts up whanever an incorrect setting occurs, of if one of the gutomatc
stops operatas, In either event the Funciion switch must be returmed o
"Stop (Reset)” and the cause of the fault remowved before the lamp will
o oul, thus indicating that the deck is again ready for operation.

17



The tape drive will switch off and the “Reset” lamp light up if—
(a) the egualisation knob is turned while rurning.
[0} the speed change knob is turmad whila running.
[} the Auto stop operates.
(d} tha Foil stop operates,

Im each cese the Function switch must be fatumad fo " Stop’ and
the “fault” comected before the "Resat” lamp will go out.

Tha deck will not furction IF the “Resel™ lamp & on

Tape Loading

To loed the deck with tape, the two mtaiming knobs should be
unscrewed from the reel carmiers, The reel of tape to be recorded or
replaved should be fitted onto the left hand reef carier (Fig. £) and
the empty spool anto the right hand reel carrier.,

The head cover at tha centre of the deck controd panel should nowy be
raised and the loading knob moved away from the heads to open the
loading gate mechanism, which will latch in the opan position. The
tape can then be inserted in & straight line betwesn the slots in the
side pieces as shown in Fig, 5, The end of the tape must be ieken
round the auto stop guide 25 shown and attached to the right hand
spool. The loading knob should then be depressed slightly to unlatch
the mechanism and to allows the loading gate (o close, as unless this
is done the recorder will not funchion,

If reguirad, the real ratainers may be screwed back onto the reel
cermers to secure the reels during transport, or to prevent them nding
aff with the deck runming in the vertical position {this is not necessary
when using reels fitted with their own "Hublock™ facility),

Whean using a tape fitted with a foil at each end, the tape should be
woound on manually until the foil has passed the foil stop. befors
tuming to “Pausa™ or "Fast” {(see page 20).

Tapa Spead

Tha Speed Selectorknob is situsted at the rear centre of the deck, and
selects aone of the three tepe speeds. The knob should be turned
counter clockwise to obtain a faster speed. or clockwise to obtain &
slowear, until the required tape speed is shawn in the apemure above
the knob. The Equalisaton swatch on the left of the amplifier control
panal must also be sat to the same spead as it is electrically intarlocked
with the speed change switch. Failure to do this will causa the “resat”™
lamp to light up.

Play

On wrming the Function knob to “"Pauwsa”, the three motors ane
energisad and the drive for the capstan/flywhesl started, so that the dack
is on “standby™, The tape drive is started by turning the Function knob
10 “Run®, and as the capstan is already turning. the start is practically
instantaneaLs,

18

REEL RECORD LOADING KNOEB REEL
HEIGHT ~ RELEASE HEIGHT
ADJUST ADJIUST

FiG o TAPE LOADING

Temporary stopping of the tape is obtained by turning to “Pause”
wshrle al the and of the tape the Function knob ghould be retumed 1o
"Stop”.

Record

The Record (and erase) function is obtained by pressing the Record
button and turning to “Pauze"”, tham "Hun®, To pravent accidantal
erasura, once the Function knob has been set 1o "Fausa™ or "Run”, the
Record button cannot be pressed unless the Record Release catch is
moved to the lef. On allowing the catch 1o returm 1o the right. the
Record button is locked down in the “on’ position.

The Record button is released manually by mowing the Record
Release catch to the right or automatically on furning the Function

19



knob to "Stop™. It has no effect if pressed on “Stop™ or “Fast™, nor
wiill it lock down sith the Function knob in these positions.

Automatic and Foil Stops

The tape tensioning arm between the head assembly and the take-up
real is differentially damped to prevent any “snatch™ on starting the
tapie. It also functions as an automatic stop and switches off the tape
drive should there be a loss of tape tansion e.g. at the end of a reel. Iis
operation has a built-in delay of approx. 14 seconds so that it doas not
stop the tape due to a momentary loss of tape tension. It does not
require any special tape, but it should be set tor optimum performance
with the deck horizontal or verlical. This is done by turning the control
at the extrame of the deck control panel 50 that the screwdnver slot is
ir ling with "h" or v respactively.

I the path of the tape betwesen the supply reel and the head assambly
is the foil stop guide. When this i5 shorted 1o earth (through the adjacent
tape tensioning guida) by a piece of foil sphoed into the tape, it switches
aff the tape dove. At the start of a tape fitted with foil &t each end, the
foil should be wound manually past the foil stop before turning to Run.

Az explained previously, once aither stop has operated, the Funcion
knob must be returned to “Stop” before the recorder will function
again. In the case of “foil stop™ the foil must also be cleared from the
contacts batore the reset lamp can be extinguished.

Fast Wind

Cn turning the Funclion ssitch to "Fast”, the tape is controlled by the
“Fast Wind" knob, which governs the power fed 1o each reel motar. On
turning it clockwisa most power 15 fed to the nght hand motos, on
turning it anticlockwisa most power 15 fed 1o the lett bamd motor,
wehile im the central position the poweer 15 fed equally 1o both, and the
tape will remain stalionary, By suitable manipulation the amount of back
tension applied 1o the tape can be amanged so that a suitably nght
wind can be oblained in ether direction. In general, the mom back
tension applied the tighter the wind, while with hitle back tension, a
fast but not so evan wind will be obtained. The actual smoothnass of
wind will depend upon other factors such as the tape itself and the
reels on which it is being wound,

Th wrns countar (if properly zeroed) can be used for place location
or the signal on the lape can be monitored as descnbed on page 27
The Fast Wind knob should be used to slowe dowmn the tape (o to stop it
altegether) when the appropriate point is reached, before applying the
brakes by turning 1o "Stop”. Obviously the tape must be allowed to
come 1o st before wrning o "Pause” and “Run®, and a special lock
device is fitted to prevent tuming to “Run” accidentally. Accordingly.
after turming from “Fast” to "Stop”, the catch must be moved sideways
to release the lock before the Function knob can be turmed om to
“Pausa”,
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Note.—~When the "Fast Wind™ knob is adjusted 5o that the tape is
stationary, the power is being dissipated entirely as heat, and it is
therefore inadvisable 1o leave the Functlion knob at “Fast” for 8 long
percd. A% soon as the tape comes to reat. the Function knob should
ba returmed to “Stop”.
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i, 7. AMPLIFIER CONTRDLE—MONGD

REPLAY

The tape should be loaded as on Page 18 and the tape speed and
efquahszaton knaobs set to the required positions (CReset” light ouwt)
If the outpul switch is set to the “Tape"” position. on uming to " Run”
the signal off the tape will be heard on the lowdspeakes, the volume
being adjusted by the Output contral an the front panel.

I raquired. the gquality of the signal can be maodified by the Bass
and Treble controls a5 described below, their usual “lar™ seming being
at the central position, The signal can be observed on the meter by
apfting the Meters switch 10 "Qutpuat™.

Bass and Treble Controls

The Bass and Treble controls act independently of each other to
provide a vanable amount of cut or lift as required, At its extrems
settings, the Bass control will give approxamately 15dB boost or cut
at 50Hz and the Treble control will give approximately 10dB boost
or cut &t 10kHz (Fig, 18, page 48).

Their usual setting is at the central position, when an overall level
responsg is cbiained, and this will be corect for most applications,
parmicularly those of engineering and scientific intarest. However, in the
morg general usa of the recorder for listening purposas, itis advaniageous
to be abla to make some allowsnce for the characteristics of the
loudspeakes, its acoustic emvironment (which can alter the audible
sound quality) and also the peculiarities of the human ear. In particular,
the bass boost can be most wseful in improving the sound from the
smaller loudspeaker enclosures, on which the bass response is neces-
sanly restricted by physical dimensions, to balance with tha usually
good high frequency response

22

EQLMALISATION LINE MICAOPHONE  OQUTPUT CONTROLS
SWITCH GalN GAIN LOWVER = LUIPPER
MICROPHONE | MICROPHOMNE | RECORD MODE LINE MICROPHONE

INPUT:LIFFER e SWITCH INPLIT-LOWER

TREBLE § TAPE LEVEL
SWITCH | CONTROL | CONTROL

METER SWATCH | CONTROL |CONTROL

TAPE LEVEL  TREBLE BIAS BASS| L/S OUTPUT &
CONTROL  CONTROL CONTROL CONTEOL METER SWITCH
e UPPER [ LOWER |
METER
SWITCH

Fhiz. 2 AMPLIFIER CONTROLS—STERED

The “tone” controls can also be used to improve a recording by
reducing hiss or noisa or by increasing the frequency response of a
rather limited recording. In gach case the othar controd can also be used
ta halance the overall sound guality.

While a level response is obtained at their central positions when
raplaying tapes racorded o the same characienstic as the Ferrograph,
tapes recorded to other charactanstics can be replayed satisfactonly
by using the Bess and Treble controls as explainad in the Technical
Section, page 49,

Output Switch

The Cutput switch underneath the front flap selects the signal which
is fed to the three outpuls and the loudspeakers. When at "Tape”
it selects the replay signal off the tape, and at "Source™ it selects the
gsignal from the inputs (Line and/or Microphong), If the Meter switch
i5 sat 1o "Output”, the Dulput switch also controls the signal fed o
the WL meater.

Meter Switch

As selacted by the Meter switch, the meter can be used 10 read
the “Bias”, the “Source” signal from the record amplifies, or ihe
"Output”™ signel as selacted by the Output switch.
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RECORD

The appropriate connections should be made as described on page
14, and the comect tape speed and equalisation selecied. |1 is advisable
T ingert of remove the plugs only when the corresponding gain control
ig at or nar 2ero (fully ant-clockwisey as this avoids switching surgos
i the amphibar causing loud “plops™ in the output stages with possible
damage 1o the loudspeakers.

If at all possible, the gain control setting should be determined
before commencing to record. To da this. the Meter switch should
be at its centre position “Source” {or at "Ouiput” with the Output
switch at "Source”). I a microphong 15 being used, the loudspeaker
musl b silenced by turning the Output control to zerg,

The mput signals can now be observed on the meter and each
signal level set independently, When mixing two or more signals,
their combined levels should not cause the meter to rise above O VU
on the scale. The meter has a VU charsctenstic which is 5o arranged
that the meter pointar should rise up to 0 YU on the very loudest peaks
of the signal but should never be driven inta the red porson. One
possible exception 1o this might be a very long sustained note [such
a5 from an organ), which could cause the pomter o creep slightly
over O VU wathout distartion.

Afler the gain controls have been adjusted, the Record button should
be pressad and the function Switch fumed to "Pause”, when the meter
will be illuminated. The recording i stared by turning to “Run”, when
the tape will start immediately.

The record signal is still shown on the meter and if necessary the
record level can be comrected by re-adjusiing the gain controls. During
the recording the tape can be stopped wemporanly by turning to " Pause™
then back (o "Run™. At the end of the recording the Record bution is
autamatically releasad on wrning the Function switch 1o “Swop™,

Initarfaction

If it is required 10 insert a recording into a parbicular part of the 1ape
finterjection), the record signal level controls should be adjusted as
above and the lapa ren threugh on replay {Record button not pressed),
At the reguired point the Record Release catch should be mosed 1o the
left and the Record button pressed, when recording (and erasing) will
commence immediately as indicated by the meter (lumination. The
Record button is locked “on’ by allowang the Record Release to return
o the rght. To end the recording without stopping the tape diive, the
Record button can be released by moving the Record Release caich
to the left, or tha Record button is released automatically on turning
the Function switch to "Stap™,

Stereo Models
) On stereophonic instruments, the two channels should be adjusted
independently, or il the Record Mode switch is set to Upper ar Lower,

24

these may be recorded individually as on &8 normal mono recorder
Howewver, it is inadvisable 10 adjust the Record Mode selector when
actually on Record as this may cause polansation of the heads, and the
mode should be selectad before pressing the Record button. When
recording monophonically on a stereo instrument, the Transfar swiich
can be used es described on pege 40, but escept when specificalby
required, it miwst be left a1 the central “O position.

Radio

The radia should be connected as on page 14 and after the radio
o tungr unit has baen propardy tuned in and 115 tone controls set to thedr
normal or highest fidelity positions, the recording can commence, The
meter should not read above OdB even on the lowdest signals, but once
the comect gain setting has been found, there should be no necessity to
re-adjust it during the recording as the station or studio engineer will
be momnitaring the programme and comrmecting the signal level so as
not to overload the transmitter,

Gramophone

The connecticons areé given on page 16, and the appropriate gain
contrel should be adjusted for the correct record level. As the dynamic
fange on disc 15 vary similar to that on tape, once the gain coniral has
been set 50 that the meter does not quite fise above 048 on the loudest
passages, it should not be necessary 1o re-adjust it during the transcrip-
T,

Microphone

When using a microphone in the same room as the recorder, it is
essonbial that the internal {or external) loudspeaker be silent, or acoustic
leedback will occur. This takes the form of & “howd” as the noise from
the loudspeaker is picked wp by the microphone, amplifed and trans-
mitted again by the loudspeaker in a vicious circle, gradually building
up in wolume, If it is required to listen to the signal, headphones mst
I:n-ﬂ}usad ar the signal can be monitored visually on the meter (see page
27).

The chief point of difference between liva recording and recording
frnm the radio iz that the studio control of dynamic range in the latter
15 nat presant, This means that more attention must be paid to the
segnal leval meter and the gain control settings. Depending upon the
dynamic range of the programme material, a certain amount of volume
COompression may be nacaessary, This involves reducing the level of
the loudest passages and increasing that of the weakest so0 that the
former does not overloag the tape nor the latter boecome lost in the
background noise, However, oo drastic use of the gain control should
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be avoided or the contrast between loud and soft passages may be
last altogether,

Microphone Characterislics

Making a "live” recording with & microphone requires close attention
to detail Tor eptimum results, as the quality of the recording is dependant,
among other things, upon the type of microphone used, the location of
the microphone and the acoustics of the room o surrcundings. A
primary progerty of the microphone 15 its directicnal charactenistic, and
there are theoe basic types, The omnidirectional microphong picks up
sounds equally from all directions and is wvery useful for recording
sounds from several separated sources, &4, a group of people sitting
around a room. The bidiractional microphane has a “figure-of-esight”
response and picks up sounds from the front and back, but is largeky
insensitive to sounds originating &t the sides, and this can be very
useful in elimnating unwanted background noises. The third type has
a unidirectionsl or cardioid response, picking up sounds from the front
and towards the sides (usually over a 180° arc) but being insensitive
ta sound orginating towards the rear. This can be very wseful for
racording in locations with high background noise and also for stage
arnd concert work in eliminating noises from the awditorivm.

While most types of microphone, except high impedance and crystal
types, can be used with the Serios Sevan Ferrograph, it is paintléss 1o
rastrict the overall fidelity by wsing the very cheapest. Having regard o
all the factors invalved, the mast suitable for general purposes are the
mewing coil (dynamic) and nbbon microphones, To match into the
microphone input, they should ba mediom impedancs (260-2,000 0,
but low impedance microphones can be wusad with a low-to-medium
matching unit (TASIN ML, page 14),

Microphone Placement

Tha abowe charactarnistics are for “free field” or open air conditions,
but when used indoors, reflactions from plane surfaces such as wells and
windaws can modify the effecte directionality of the microphone and by
suitanle placement each of the abowe types can be wused in most
situations, I desirable, the room reflections can ba decreased by drawing
curtaims over windows, hard furniture, etc., or increased by remaowving
cushions, soft furnishings, etc.. and by rolling back the carpet, & certain
amount of experimentation may be necessary 1o find the best position
for the microphone, but as the tape recorded during this process can
be used again for the recording proper, this is no great hardship. It is
advisable to keep the microphone a reasonable distance from the
recorder e.g. about § ft., or to orientate the microphone (if directional )
so that the reconder is in an insensitive part of the microphone field, as
a certain amount of mechanical noise from the maoving pans (especially
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the tapa) is inevitable, and for highest quality recordings all back-
ground noise should be avoided,

Use of Microphones

With regard to the detaled wse of a particular microphone, the
individual manufacturer will ssue appropriate instructions depending
upon its type and directionality. Howewer, it 15 usually undesirable to
speak into any microphone unnecessarily closely {parucularly if it
has been kapt in a cold reom) a5 condensation may affact the perform.
ance and unless tha mecrophong is specially treated may eventually
cause corrogion. With ribbon microphones close 'l-ﬁlhng should always
be avoicded as this causes bass accentuation, but shauld it b necessany,
due to high local noise, spesking should be across the front at a
mimimum of 3°. On no acoount should a ribbon microphone be Blown
into to check that it is functioning as this may damage the delicate
rinbon, and for this reason, it should not be wsed oul of doors on A
vary windy day. In general, all microphones should be treated with the
carg they desarve and severe shocks should be avoided,

Monitoring

A5 all Series Seven Ferrographs have separate record and replay
heads, i 15 possble 1o monitor the signal off the tape whilst recording,
and this can be done aurally (loudspeaker or headphones) by setling
the Quiput switch to "Tape™. The replay signal cam also be observed
on the meter if the Meter switch is set to "Output”,

O setting the Quiput switch to "Tape”, then "Source™, and back
again, the replay and record signals can be compared aurally or visually.
Their levels ara normally set for Ferrotape type B such that the metar
indication on “"Tape™ is the same as on “Sourca” for Sasier Companson
of the signal quality, and hence the record signal level can be checked
an the meter even with the Qutput switch at "Tapa™. This will apply
to most of the standard good quality tapes, but if it is required 1o use
tapa which has an output markedly different from Ferrotape, it is possible
to readjust the "Tape™ level as outlined in the Technical Section, page
48,

The recording can be monitorad aurally by a loudspeaker {internal ar
external] of by headphones connected as on page 17, or alternatively
an external amplifier and loudspoaker could be used, When using a
microphone for recording, the loudspeaker must be silent 1o avoid
acoustic feedback {see page 25}, and audible menitaring must be done
using headphones. If these are not available the meter can provide a
useful chieck that the signal is being recorded by setting the Output
switch to "Tape™ and the Meter switch to "Outpurt”™.

On Fast Wind, audible maonitoring can also be used for place location
on the tepe (Output switch at “Tape™), when the signal B heard as a
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Fld. 8, TRACE DISPOSITIONS<HALF TRASK

high pitched gabble, depending upon the speed of the wind. To
ev0Id @ shrill, irritating sound when the tape is travelling at high spaad,
the high frequency response s automaticelly raduced on “Fast”, and
consequently if the 1ape is slowed down to neady normal speed it
may saem a litthe muffled, If not required. the Dutput control should
be turned down or the Qutput switch set to “Source”,

GENERAL DETAILS
Changing Tracks

 The disposition of the conventional monophonic track upon the tape
15 shown in Fig. 9, the adventage of this system being that twao tracks
can be accommodated side by side on the tape. which doubles the
length of piaying time per real. In practice, after & full recording has been
made upon the too track in the normal way, the left hand spoal will ba
empty and all the tape on the right hand reel. They should each be
removed and replace on the opposite reel carrier, the tape being
loaded in the wsual way, The unrecorded lawar half of the tapa has now
become the upper and may be recorded as usual, At the end of the reel
the tape can be reversed again, when the first recording will again be
on_the upper half and ready for replaying. Thug om a full 7 in. real of
Long Play tape up 10 1% hours playing time is available at 73 infsec.
with @ break of only & few seconds half way for the real transposition.

If required, the tracks may be raversed in the middle of & reel. After
stopoing and opening the loading gate, both reals should be remaved
and inverted. They can then be refitted to the opposite sides and the
tape threaded through the heads in the usual way, with no twists. After
loading the taps, the loading gate must be closed before the deck
can becomea operatienal again

On helf track stereo instruments, recording should proceed as
usual (Fig. 9}, but since both tracks are recorded, the tape cannat ba
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FIG. 10, TRACK DISPOSMIONS==0IARTER TRACEK

revarsed at the end of the real. However, when used monophonically on
“upper”, the stereo recorders will operate exactly as described for the
mona reconder above,

The gquarter track sterao arrangement is shown in Fig. 10. After
recording on tracks T B 3 the tape can be reversed and ancther recording
miade on tracks 2 & 4 az shown, When recording moncphonically the
ueual rack sequenceis 1 - 4 - 3 - 4, This is cbtained by first recording on
“upper” on side A of the real (track 1). At the and of the reel the tape
is reversed and recorded on side B, still on "upper” {track 4). Rewversing
Iha tape at the end, racording tekes place on “lower™ on side A {track 3),
leaving the final recording on “lower™” on side B (irack 2).

Editing and Splicing

One aof the edventages of a tape recording is that it is easily edited ;
unwanted passages may be cut cut and the ends rejoined. In this way a
composite programima of selected matesial may be built up. Of course, it
is only possible to edit one mono track, as cutting out or splicing in
piecas of tapa obwiously affacts both tracks. However, cnee the editing
has been done for the single treck, the composite tape may be put back
an the recorder and the other track recorded in the nommal way with
matenal which does not require edifing. :

Splicing and joining the ends of cut or broken tape is normally
caried out by means of suitable adhesive tape applied to the back of
the magnetic ape, which & usually the mone polished side. Far joining
togethar two lengths of tapa with as unobtrusive a joint 85 poszsibla, a
ciggonal cut at 457 ta the edge of the tepe s used, This produces A
“silent™ joint and minimisas any “drop-out” effect which may ooour
if the two ends of the tape do not meet quite accurately. When editing
tapas, particularly when removing single words or noises, a wvertical
jink at right anglas to the tapa adge s often used. and this is slso
suitable for edding leader tapes and inserting stop foils, With eithear
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G 11, TAPE SPLICING

angle the joining procedure is the same, although in some cases mora
care may be needed 1o ensure that the cut is made at exactly the right
paint on the tape.

Firat of all, one of the pieces of tape should be placed, backing
uppermost, aleng the channel in the splicing block and pressed gently
irta it if necessary aligning the cormect part of the tape opposite the
appropriate slot. A very sharp cutter or razor blade should be drawn
smaothly along the slot and through the taps. The unwantad parl
of the tape should be removed and the procedure repeated with the
other piece of tape which is 10 be joined fed in from the other end. On
remaoning the second umwanted length of tape, the two paris 1o be
joined are laft in the channal with their ends accurataly butled together,
The piece of splicing tape can now be pressad firmly on to tha taps 5o
8s 1o cover the joint.
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Two besic gizes of splicing tepe are available and this determines thea
precise way in which each 15 applisd. The § inch wide splicing tape
should be applied across the tape, which should then be removed from
the block and the surplus trimmed level with the edge of the tape. The
trimmed splicing tape should not project owver the adge as this may catch
in the tape guides; an the other hand the trimming cut should not
encroach Too much inta the magnetic tape as this will reduce the signal
al that poinl, which is partcularly important with quarter rack tapes,
The other size of splicing tape 5 the same width as the recording tapa
and a sirip about 4 inch long should be placed along the length of tha
tape. This must be laid very carefully and if it s not quite sccurate, any
overlap of splicing tape must be removed.

Note,—When removing the tape from the channel, it is advisable 10
“pel” the tape out at an angle, sinoe 10 pull it oul vertically may damage
the edges of the tape,

If required. steps & and & can be combined by placing the two tapes
ong above the other before making the single cut. The top “unwanted"’
piece of tape should be removed immediately, the ather baing removed
after the splicing tape has besn applied,

It a splicing block is not available, the teo pieces of tape should be
held firmly together and the appropriate cut made using a pair of sharp
sCisses. The two ends should then be butted together accurately and the
sphicing tapa applied (o the backing, whan i1 can be tnmmed as usual,

Spools

Thea real carriars onthe Saries Seven Ferrcgraph recordars are specially
designed so that any type of spoocl conforming to the international
standard can be used. To accommodate different thicknesses of spool,
the reel carrigrs arg adjustable in height by turning the screws indicated
in Fig. 5:- clockwise 1o raise and anti-clockwise 1o lower. To cater for
vartical operation of the deck, reel retaining knobs are provided for
ordinary spocls and these are also useful if it is required to leave the
regls on the recorder during ransportation. However, the Hublok reels
have a built-in device for thg and when fiting or remaoving them the
small projgction should be moved in the direction of the arrow. The
tap can also be fastened to the reel by pressing one coloured portion
radially inwards and ingerting the tape end behind the other.

Again, different sizes of spool can be usad on the Ferrograph from the
magimum diamater of 83 in. 1o the very amall, but while the perfformance
may still be satisfactony when using the small “messege’” spools, the
tape speed constancy cannct be guaranteed if those having an inside
diameter of less than 13 in. are used. Also, the brakes aro adjusted for
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Playing Time Per Track
Length of Tape | 15 infsec, | 7Xinfsec, | 37 infsec, | 1§ in/sec.

150 f. 2min]  4min|  8min| 16min]
[ _sz ft. i'-;_. i, 5 min. a I_U-mln 21 man.
300 ft. amin]  Bmin|  16min.| 32min.

400 . §min.| 10min|  21min.|  42min.

450 fr & min. 12 min, 24 min. 48 min.

GO0 ML gmin.|  16mind  32min. |1hr. 4 min.

| oo 12min.|  24min|  48min. 1 hr, 36 min.
1,200 ft 16min.|  32min.|1he. 4min. 2he. Bemin.
1.800 fr 24 min. 48 min. | 1 he. 36 min .'];r.nrﬂ-mm-
2,400 ft. 32min.|1hr. 4min.|2hr. 8min. [4hr. 16 min.
3,600 ft. 48 min. |1 hr. 36 min.| 3 he. 12 min. |& br, 24 min.
4,800 FI: Thr. 4min. (2 hr. Bmin. |4 hr. 16 min. |8 hr. 32 min.

corect oparation with spools of aqual size and weight on each side,
Should it be found necessary to uwse dissimilar spools, eg. a small
plastic spool with a large metal spool, this can be dene satisfactonly
on “Run™ but on “Fast” the tape should be slowed down {using the
Fast Wind knob) until almost stationary before moving the Function
swilch from “Fast™ to "5Stop”. This 15 particulerly important i wsing
wary thin tapes.

It will be observad that the large, BY in. diameer spools averhang the
deck slightly, and only those of 7 in. diametar or less can be left on the
recorder with the hid fitted. The approximeta langths of tape which are
narmally accommodated on the variows sizes of spool are given in the
tabla.
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Approximate Length of Tape Per Real

Size of Standard Long or Double Triple
Real Plany Extra Play Flay Play
3in. 1560 ft. 225 1t .“3.;:'.':'_“._ m“.--‘JEL'I fi.
3% in. 200 . 300 ft. 4D.E.:| ru._ .ﬁut:l it
4in. | 300R | 450, | 600R | 90D
4% in. 400 GO0 n._-i  a00t 1,200 ft.

- i . |
5in. GO0 ft. 200 fr. 1.200 fi. 1.800 ft.
53 in. B0 1 1,200 ft. 1.200 ft._ 2,400 fr,
7 in._- | 1?[]_43' ;l_ | I-- 1,800 fr 2,400 ft. 3,600 fi.
B%in. 1,800 fr. 2,400 fi. E:I;‘lﬂflllf.t.-_ TEEG_H:_

Tape

The Series Seven Farmograph is set up for use with Ferrotape, and its
specification is obtained using tape of similar quality and characteristics,
A5 supplied the bias is set for “low noise” tape such as Ferrotape
type B, Scotch Dynarange tape, ets., and certain continental tapes, but
if it is required to wse Ferrotape type A and other similar tapos, the bias
can be adjusted for optimum results as outlined in the Technical
Sactlion, page 48,

In addition to Standard and Long Play Tapes, Double Play tape can
be used with satisfactory results, particularly at the slower speeds
where its more flexible backing gives a more intimate contact with the
working face of the head, leading to 2 more constant oulpul, especially
at the higher frequencies. Triple and Quadruple Play tapes can also be
used, but due to their different oxide formulation they give greater
distortion at the higher recording levels and the recording should be
made &t & lowaer lovel than usual. They may also give excessive output at
the higher frequencies.
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ODC SUPPLY (50u)
LOW LEVEL—=lower
(remote volume)

EARTH

GO0 OHM OUTPUT

LOW LEVEL-—upper (upper)

fremote walume)
RUN SOLENOID
(remote start/stop)

FIG. 12. AUXILIARY SOCEET CONMECTICNS

Auxiliary Socket

Tha Auwxliary Socket is siuated at the ear of the recorder and is
intended to auament the facilives and capabilitios of the instrument,
Itis a 7 pin socket conforming to the DM, spacification and into it can
be inserted the standard 3 pin, 5 pin and 7 pin 0.LM. plugs, connecting
o pinsTto3 1105 and 1 10 7 respectively, The pin connections ara
shown in Fig. 12, pin 2 being Earth. Pins 1 & 2 are used for remote
starting and stopping of the tape (e.g. with a fool switch) with the
recorder in the “Pause™ position ; pin 3 will provide up to 200ms D.C.
from the - 50V supply for pawering various ancillary unita, On the mona
recorders, the Low Level output 15 wired to pin 4, the G600 L outpur
10 pin G and pins 5 & 7 are unconnected, On the stereo recorders, the
Low Level outputs are wired 1o pins 4 (Upper) and & (Lower) and the
600 02 outputs 1 pins & (Upper) and 7 (Lower). Thase output connec-
tons can be uted for & remote wolume unit, remote leval indicators,
Signal aperated Switching Unit, etg,

EXTERNALLY CONTROLLED OPERATION
A5 the Series Seven deck uses elactromagnetic actuators, the

instrumant can be controlled externally to perform various functions
as descnbed on the next page,
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Time Switch

Unattended control by time switch is a wery useful facility and is
achieved as follows —

The mecorder should be loaded with tape and if necessary wound
on to the required point. The time switch should then be connectsd
int: the maing lead of the recorder and the recorder controls set to
whatavar oparation i8 required. For replay, the Functan swatch should
be set to “Aun”. and the output and tone controls to pre-determined
positions. For record, the Function switch should still be at "Run™
with the "Record™ button depressed. The Line and/or Microphaone gain
controls should be set to pre-determined positions to give a suil_:gble
sig:al for recording. Check that the Mains Switch of the recarder is at

Whean the time clock switches on the mains tho tape will start up and
replay or record as arranged, When the tima clock switches off, the tape
will stop, and this operation can be repeated as arranged on the Uiming
devica. Should the tape run out before the timer switches off, the auto
stop will operate and shut off the tape drive, the recorder remaining
energised until the timer switches off the mains.

Remote Dperation
Start/Stop

The Seres Seven Ferograpgh can be romotely started and stopped on
Record or Replay by the closing and opening of & pair of contacts
cannected to pins 1 & 2 of the Auxiliary Sccket. & 3, 5 or 7 pin
DLW, plug can be used. The two leads (Fig. 12) should be wired
10 & switch {or pair of contacts) which is narmally open, and the raconder
left energised in the “Pause” position (with or without tha Record
button pressed). On closing the switch, the "Run™ solencid will be
anargisad and the tape drive started. On opening the switch the
tape drive will stop, This can be repeated as required and since the
miotors and capstan argé energised continuously, the start and stop will
be practically instantaneous, One example of this method is the usa of
a footswitch when the hands are otherwise engaged, and such a
switch ia available a5 an accessony,

I efearme

The valume of the signal fed 1o the internal losdspeakers and the
Lourdspeaker output can be wvaried remotely by connecting a 5K L.
legarithmic potenfiometer as a vanable resistance across the Low Leval
output. This could be on the jack socket itsalf or on the Auxiliary
Socket; for mono recorders between ping 4 & 2, for sterec recorders
betwear pins 4 & 2 (upper) and § & 2 {lower) using separate earth
Izads for gach channal. A saven or five pin DULN, plug should be used.
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The maximum valume {with the vanable resistance at maximum) is
still governed by the Output control on the recarder, but adjusting the
remioie contral will vary the signal from this down to zero,

Signal Operation

The Auxiliary Socket on the rear panel is arranged o accept & Signal
operated Switching Unit. This unit is designed 1o drive the tape only
whan a signal is present for recording and to switch off the tape dhive
when the signal ceases. To allow for short gaps in the signal e.g. pauses
in speach, the Switching Unit has a built-in dalay of 5-25 secs. before
switching off. Thus by omitting the long silent perigds when no signal
CCCUrs, messages, e, spread over a long time can be recorded onto
a single tape.

After plugging the Switching Unit into the Auxiliary Socket, the
recorder should be set in the “Pause” position with the " Record™ button
pressed and the record gain controls adusted to pre-detesmined
setlings, The appropriate Output Switch must be set to "Sowrce™.

SPECIAL APPLICATIONS

Echo Effect

~ Due to the physical spacing of the record &nd replay heads there is a
finite dalay between the record and replay signals which corresponds
to the time taken for the tape 0 travel botween the two heads. Al
f& infseg, this is approximately & sec. (5 sec. at 15 infsec., § sec. at
3% infsec,, § sac. at 14 in/sec.). Thus part of the replay signal fed back
inta the record amplifier will give the effect of an echo whose magnitude
will depend upon the amount of signal fed back,

The Meater switch should be set to “Source™ and the Output switch
to "Tapa™ A lead should then be connected betwesn the G600 ohm
cutput and the Line input {Line gain contrgl at zerp), The signal 1o be
recarded should be fad into the Microphone input, and its gain control
advanced to & suitable record leval, On twning 10 Run ard pressing
the Record button, the echo can be added to the record signal by
gradually wirming wp the Line gain control. Care should be taken not
to sat the &cho too high as this may cause it to build up, leading to
instablity.

When applying echo 1o a stereophonic recording. each channel
should be connecied as descnbed above, taking care to adjust the
controls to give appraximately the same amount of echo to each channeal,
unless an unbalance is intantionally required.
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Fid, 13. HEAD BLOCE—STERED

When recording monophaonically on the stereo modeis, the Transfar
switch can be used to apply echo without external connections, as
descrnibad on pege 43,

Use as an Amplifier

By setting the “"Output” switch to "Sowce”, the Serigs Sevan
Ferrograph can be used as a “straight-through™ amplifier, previding up
to 10 Watts output to the internal or external loudspeaker(s). It can be
used in conjunction with a funer unit, radio or turntable, or it can be
used with & microphone as a “public address” system. The mixing
facilities can be used and the output signal modified by the Bass and
Treble controls,

Cabinet Mounting

The Series Seven Ferrograph can be fitted into consoles or cabinets
wilhy ar wathout its standard case. When in the case it wall fit into a space
163 in. wide by 17§ in, long and about 74 in. deep with 2} in. top
clearance. The 7 in. reels will fit within the confines of the deck, but
81 in. reels will overlap the case by about % in. at each side,

To remove the recorder from its case, it should be stood vertically
(handle at the wop, amplifier at the bottom) and all connections to the
raar panel removed, also all fuses. The handle should be hfted and first
one and then the whole handle pushed down into the recess to take it
clear of the inside of the case {(Fig. 15), when the four balts on the oo
of the case can be unscrawed. The recorder chassis should be slid
forward and the two loudspeaker leads unplugged, one at each side,
when the chassis can be Iifted clear of the case,
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FlG. 14. RECORDER CHASSIE—REAR VIEW

It is refitted into the case in the reverse manner. When doing so, a
length of tape or string should be insered betwesn one end of the handle
angd s recess so that after imsertion imfo the case, the handle can
readily b pulled out of the recess by means of this loop,

¥When mounting the chassis in a cabinet, it should not be suppored
by the two aluminium side frames but the two steel U™ frames should
rest on the floor {or suppaorting beams) and o required, it can be held in
pasition by the four bolts used 1o hald it in the case. When fitting into
the mew cabimet, a clearance of at least § in, should be left &t the sides
to ensure adequate ventilation ; Fig, 1% gives the overall dimensions
of the chassis. A metallic screen (.5, aluminium foi) should be placed
gcrass the front of the amplifier and sarthed to the chassis, as shown
in Fig. 1%, to prevant hum,
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STEREOPHONIC MODELS ONLY

On the dual channel Series Seven Ferrographs, each channel is
exactly as described in the rest of the taxt but with the addition of &
Transter switch, giving wvarious facilities in mono operation, and &
Record Mode switch (Upper-Stereo-Lower) which sefects the track(s)
an which the recording is 1o be made. This Record Mode switeh should
nof be turned while the Record Button s depressed as this may polarise
the record head, leading to increased background noise and hiss on the
racording {see Important Motice, page 121,

Whan used for recording or repleying stereophonically, each channel
will operate independantly of the other and in the absence of specific
instructions with a preé-recorded tape. it 15 usual 1o have the extemal
loudspeakers disposed T-10 ft. apart with the Upper Track on the left.
The record gain controds and metars are arranged to this convention
(Fig. 8). and of the dual knobs adjscent to the meters the top knob
controls the Microphone input and the bottom knob the Line input,
Of the Output controls the bottom knob controls the Lower track and
the top knob the Upper track,
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In momo oparation the Record Mode switch should be at Upper or
Lower, the more usual being Upper as this is the conventional track
wied on standard mono recorders, Again, the operation 15 as descnbed
in the manual except that the Transfer switch can be utilised if required

If it is required 1o use both output stages for the same signal, both
Low Level outputs {or pins 4 & 6 on the Auxliary Socket) can be
connacted together. On wrming up the speaker controls. both speakers
will give the same signal. If a mono tape s 10 be replayed into both
speakers, the Duiput switch on the other track should be set o " Source™
and the Line and Microphone gain controds wrned 1o 2ero.

Transfar Switch
Mudtiplay

The Transfer switch enables the signal from one track of a tape 1o
ba fed into the Line input of the other track without the need for
external connecnhons, and 10 be re-recorded, If required, a second signal

can be mixed with the first and repetition of this process can give
“"multiplay” recarding.

I it is required 1o copy a signal from the Lower track onto the Upper
rrack and simultansously to add another signal, the Transfor switch
should be set to L-+U and the Lower Output switch to “Tape”. On start-
ing the tape the Lower replay signal will register on the Upper meter
with the strength determined by the Upper Line gain contrel and the
quality governed by the Lower Bass and Treble controls. The second
signal should be fed into the Upper Microphone input and adjusted
ta the required level by the Upper Microphone gain control, the resultant
composite signal being heard through the Upper amplifier and loud-
speaker (or headphones). 1T the second signal is not suitable for the
Microphone input, it could be fed to the Line input but both signals will
be adjusted by the one control, This means that the relative volumeas of
the two must be set by an external volume control for the second signal.
Ra-recording from Upper to Lovwer can be done sirmalarly.

Immediately after use the Transfer switch should be returned to its
central “OH" position.

o Input Mixing

The Transfer switch can also be used to provide 4 input mixing when
recording monophonically on either track, Taking the Upper track as an
example, the Transfer switch should be set to L-U and both Cutput
swilches 0 “Source” The signals from the Lower Microphone and
Lower Lime inpuis are then connected to the Upper Line input, and
while @ach is still subject to s own gain control and the Lower Tone
controls, the Upper Line control acts as a master control. The Upper
Microphone is adjusted by the Upper Microphone control complataly
independently of the other signals.
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Fiis, 17, RECOADER CHASSIS~FRONT WIEW
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If it is required to wse the Upper Line lnput in addiion to one of
bath of the Lower inputs, the Lowar signals should be adjusted relative
to b by their individual gain conmtrols and the overall signal strength
adjusted by the Upper Lime control,

The reverse will apply when recording on the Lower track.

Echo Effect

The remarks in page 36 sl apply. particularly for stereo reconding,
but whan used monaurally the need for external connections can be
avioided by use of the Transfer switch. This i done on the Uppér track
by setting the Tranafer switch to UL and the Upper Cutput switch
to “Tape”, when the amount of echo will be set by the Upper Line
control and the quality by the Upper Tone contrals. The echo is applied
1o thid Lonwar Track weith the Transfér switch set 1o L-=U and the Lowar
Output switch at " Tape”.

Ouarter Track

After recording sterecphonically with a quarter track instrument on
tracks 1 and 3, the tapa can be reversed and ancther recording made on
tracks 2 end 4 as showen in Fig. 10, In all other respects the operation is
exactly as described above

When recording  monophonically  the usual track sequence s
1-4-3-2. Ths is obtained by first recording on Upper on side A of the
raa! (track 1). At the end of the reel the tape is reversed and recorded
atill on Upper on zide B (track 4). Reversing the tape at the end.
recarding takes place on Lower on side A (wrack 3}, leaving the final
recarding on Lewer on side B {rack 2).

Standard mono half frack tapes can be played on the Upper track,
bt if it is attempted to replay stereo half track tapes, the Lower track
output wwill be low due to the track dispositions of the two systems
(compare Figs. 24 & 25).

Dug 1o the narrower tracks, gquartar track recorders arg more Sus-
ceptible to "drop-outs™ in the tape and to the effect of dust and dirt.
For this reason it is recommended thet Long or Double Play tapes ba
used as their more flexible hacking gives a more intimate contact with
the tape heads. Double Play tape is particularly recommended for
the slowar tape speeds. Even when using pressure pads. particles of
dust, dirt or tape oxide can cause poor contact and the tapa path and
taces of the heeds should he cleaned freguently. If & particular tapa
produces this effect, it can often be improved by fast winding the tape
directty between the reels in contact wath a clean cloth folded over the
e,
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Models 702 and 704

The preceding Operating Instructions apply 10 Models 722 & 724,
Models T2 & 704 are identical, but do not have power amplifiers or
loudspeakers. The Loudspeaker outputs are replaced by Low Level
Adjustable outpuls which provide the same signals as the other Low
Level autpuis but with the levels adjusted by the Output controls.

CARE AND MAINTENANCE

Littla actual maintenance is necessary with the Ferrograph beyond
the periodic removal of dust and dirt from the head assembly. After a
time, particularly when new tape 5 being used, loose oxide coating
from the tape will accumulate on the working faces of the heads, This
will lead to a reduction in the high frequency responge of the replay
head and sometimes to a reduction in the recorded signal level from
the record head, and if allowed to accumulate for a long pericd on the
erase head it can even affect the erasure. The working faces of the
heads can be exposed by raising the head cover and opening the loading
gate. A small brush is supplied with the recorder and this can be used
to clean the heads by moving it gently back and forth across the face
of esch head in wm, The record and replay heads are vital parts and
their working faces should be treated with great care ; nothing abrasive
should be allowed ta touch them as they have been given a very high
pobish and this is a very desirable condition 10 maintain. The head
cans should not be disturbed or remowved as the gap setting (or
alignment} of the head faces may be upset with subsequent loss of
performance, nor should steel tools be used near the heads as any
magnetisation in them may cause permanent magnatism in the heads
with deleterious effect. Should this ocour, it will be necessary to use a
defluxer {see Appendix B} as described on page T2

Tape oxide will also accumulate on the driving surfaces of the
capstan and pinch roller, reducing the traction and leading 1o slip in the
tape drivie. This wall produce speed varigtions {"Wow™ and “Fluttar™)
which may become noticeable as variations in pitch, To avoid this the
capstan and pinch roller should be cleaned regularly with a lightly
damped fluff-free cloth. Care should be taken not to damage these
driving surfaces as this could also cause “Wow™ and “Flutter”, At the
game time the contact/guide at the end of the Auto stop arm should be
cleanad, as accumulation of tape oxide can prevent the contacts fram
making properly.

Should it be necessary 10 replace one of the fuses on the reer panal,
these are type 20 mm. long x 5 mm. dia. rated at 1 Amp, except for
Maing fuse on the 117V model [(Suffix A) which is 20 mm. x 5 mm.
cia. rated at 2 Amp, Any interior adjustments shauld bBe left 1o
axpariancad service enginesrs who have the necessary specialised
instruments for comrect alignment,
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TECHNICAL SECTION

TECHNICAL DETAILS

_Th:s sactien comtains techmical information and descriptions of
circuitry to enahle the more sophisticated user o obtain maximum
benefit from the instrument. However, while explanations are given
in detail, re-adjustment of pre-set controls should not be attempted
withaut adequate undarstanding of each operation.
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220V, BOHz Power Supply

If it iz reguired to wse the standard recorder (240%, B0Hz) from a
2208, BOHz supply, this can be done by remaving the recorder from
its case (page 3T}, thus exposing the underside of the power unit
{Fig. 14}). The wire link across the 240V tags should be remcved and a
link soldered across the 2200 tags. The recorder can then be refitted
into the cabinet (page 38) and connected to the 220V, 50Hz supply.
{Mote (—Voltage selector tagboard 15 not fitted to 117Y, 60 Hz models).

Record
Thia basic connections and mecording functions arme descnbed on
pages 14 & 24 but the following notes are apposite.

Crystal Pick-up

While overloading will not occur when feeding high output crystal
pick-ups inta the Ling input, it may be that the gain control is operating
over an inconveniently small part of its range. This can be cured by
connacting a capecitor {1,800 pf) across the leads wz. in parallal
with the pick-up, when the output will be attenuated to a moe
suitable level. :

Constant Tones (Frequency Response)

When recording constant tones (e.g. sing wave} from a source
connected 83 in page 14, & level of recording higher than thet suitable
for awdio signals iz sometimes permissible, The signal level meter
has the standard VU charactenistic which calibrates O YU on the scale
a5 4dB below peak recording level to allow for transient peaks in the
awarage eudio signal (e.g. ocrchastral mosic), and thus constant tonas
of up to 2000Hz approximately can be recorded at +-3dB on the meater
scale without nvarlnauin? the tape. With frequencies above this it is
necessary to record at a lower level 1o avoid tape saturation due to the
pra-amphasis of the record characteristic. Accordingly, recordings
of a wide range of tones such as a frequency response check should
be made with a reference level of 20dB below peak recording level.

Blas Adfustrrent

The bias on the Series Seven Ferrograph can be adjusted by the screw-
driver pre-set contral "B’ at the front of the recorder and its value can
be observed on the meter by setting the Meter switch to read " Bias”. The
meter js calibrated at 74 in/sec. such that at OdB the bias is suitable for
“Low Noise” tape such as Femrotape type B or Scotch Dynerange tape,
ard at —2dB it is suitable for the standard Ferrotape type A, The
recommended bias setings (equalization swilch at the 73 infsec,
position) for various brands of tape are given below. These are intended
a5 & guide and tapes not included in the list cen also be used on the
Ferrograph with average bias settings or with & suitable setting deter-
mined by axperimant 1o give the best result,
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[Decreasing the bias will improve the high frequency response but
at the expense of increased distortion and probably a lower signel
output, and the final adjusiment of the bias will be a compromise
betwean thase three factors, If a constant amplitude low frequency
gine-wave is available [sbout 500Hz), the tape should be run at the
T4 infsec. tape speed and the bias set o slightly higher than that value
which gives maximum output of the replay signal &s shown on the
meter (Meter switch to “Qutput”, Qutput switch to "Tape™). On satting
the Mater switch to “Bias™ the reading suitable for that brand of tape
can ba noted and recorded in the blank spaces of the table.

Bias
Reading Brand of Taps

—_— Ferrotape — Type A Scotch — 215 (150)
Ampex — 541 and 637 ; Irish — 601
Emitape — 99 {old) : Kodak — Y150

i} Ferrotape — *Type B Scotch — *203

Ampax — *444 ; Agfa — PE31, *PE3E B *PEREZE
B.ASF. — LG535 and *LP35LH ; Philips — *LP
Emitape — *815 B *59 (new)

Bias measured at 73 infsec, *Indicates “low noise” tape

The best compromise between Signal/Moise ratio, distortion and
frequency response is obtained with a slightly different bias value at
each tape speed, Consaquently, the circuit is armanged to adjust the bias
automatically to the optimum value appropriate to each position of the
Equalisation switch. It is for this reason that the meter bias readings
should be noted ar reset onby when switched to the 7§ infsec. equalisa-
tion position,
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Monidoring {Signal Lavel)

A5 the Senes Seven Ferragraph has separate record and replay heads
it is possible to monitor the signal off the tape whilst recording, and this
can be dong aurglly from the loudspeaker by setfing the Quiput switch
tcE};Tar:a". and visually on the meter by setting the Meter switch to
Tt

The record and replay signals are set so that the meter indication
on “Tape” iz the zame a3 on "Sowce” for easier comparison of the
signal quality. However, different brands of tape wvary slightly in the
strength of the replay signal cbtained and if the brand in use is markedly
different from that ta which the ecorder has baan sat, thane wall be an
obsarveble difference between the readings. If it is desired to correct
tar this, the two signals should be compared and the "Taps Lawel”
pre-sat control A" (see Fig. 7 or B) adjusted with a screwdriver
until the "Tape™ and “Souwrca”™ indications on the meter are the same
(il recording constant tones see page 48).
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Jnoe this has been ot c&rrec_ﬂ',.' for the brand of tape in us_&,“it
should not be nacessary to re-adjust the “Tape Level™ control (7A7)
aqain unless a tape is used which has an output level markedly diffarent.

Bass and Trable Controls

The Bass snd Treble controle can be used independently of each
ather to provide a continuowsly variable amount of lift or cut as required
{Fig. 18). When at their normal central position an overall level responsa
(record/replay) is oblained,

When replaying tapes recorded on other instruments, the Bass and
Treble controls cen be utilized to give & level response an the loud-
speakers or at the Low Level and Loudspeaker outputs. Their settings
will depand upon the characteristic to which the tape was recorded.
While their final positions may depend upon the judgement of the
listarser as explained on page 22, the recommended settings for a level
rasponse with various cheracteristics al each tape speed are given in the
1able.

Spead Characteristic Bass | Trable
15 in/sec. CCIRJIEC/DIN  (36p sec.) 0 a
(38 crfsec.) MAB (50 sac.) 0 +3
USA { Aumipeic) ) +3
7L infzec, CIM/MAE (50/3180u s8c.) L] L1
(189 em/fsec.) IEC T0p s8¢} +3 +2
CCIR (100 sec.) +3 | +4
LISA [Ampex) 0 -2
33 infeec. DIM/NAB (90731800 s2c.) o 0
(95 om/fsec.) IEC (1400 sec,) 3| +13
CCIR (200 see.) +2 | +4%
USA [Ampex) 0 ]

ENDLESS LOOP CASSETTE

The Farrograph instrument has many applications in sciance and
industry, soma of which do not need a long recording sequance but
instead require an endless band of tape for continuous recording ar
replaving, For this application a loop of a few minutes is usually
adeguate and the Endless Loop Cassette has bean desgned 1o accom-
madate a maximum of 4 minutes at 7% infsec. or 8 min. at 33 in/sec.
(Both of these timas can in fact be doubled by using special graphited
tapal).
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Provided the phenomenon to be momitored 15 capable of being con-
varted into electrical signals it can be recorded 50 that information on the
last few minules is always available, with the tape acting as & “mamary
leom™. One examole af this 15 when the recorder is arranged 0 switch
off &3 soon as a fault oocowrs : the tape then contams a recording of the
canditions leading up to the fault

L opading

Before mounting, the cassette should be loaded with the required
length of tape, and for satislactory pedformance this should not excead
that for the maximum running timess guoted, The tape should be taken
from a reel of Acefate based tape, praferably well aged, and on no account
ghould PYC o Pafyester (Mplar) bazed tape be wsed s these causa
binding and sticking betweean the layers of tape in the cassette, Howawver,
if the special Graphited tapa 15 available the permissible plaving time
may be doubled. For every minute of loop at J& infsec. 354 1. of ape
g required (183 ft, at 33 indsec), up to 8 maximum of 150 ft

The three scraws {and their nuts and spacers) around the edge of the
cassatta should be removed and the small peg inserted as in Fig. 18,
The start of the tape should be passed from the outside through to the
inside af the cassette betwean the fourth and fifth rollers counted in an
anti-clockwise direction from the peg, and the tepe wound clockwiss in
tha copventonal “coating inskde” methad over the pag. The tape ends
should be spliced togethar, withoutl twists, leaving a loop of approxi
mately 18 inches outside the cassetta. then the peg should be remdoasved
and the three spacers and screws refitted,

Mounting

When using the cassetie, the reel carriers are not used and the take-up
reed motor should be de-gnergised. This is done by proceeding as if 1o
ramove the recorder from s case as on page 37, unbl the right hand
reed mator 15 exposad at the rear {these 15 no naad to remowve tha chassis
entirely from the case, and the speaker leads should be left plugged in}.
The two pin sockat on the take-up motor should b= removed and fitted
onto the adjacent “dummy” position. The meoorder can then be fitted
N0 the case, the fuses re-inseéried and the instrument reconnecied 10
the mains.

The cassette is mounted as shawn in Fig. 19 by two captive screws
which fit into hank bushes on the deck plate, and the tape is threaded
[|'||'|_'t-|_|-;'g|"| e Feads o the wsual way. Howaver wehile the tape ig FURMING
thesre st be Little o no tenson o the ape bBeng rewound onto the
cassette and therefore the tape must not pass round the auto stop arm
as usual. To prevent it from operating, the arm must hava a small piece
aof insulating rmateral placed betweean it and the fixed guide,
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FIG. 18, ENDLESS LOOF CASSETTE

Dperation

In operation the tape is pulled from the inside of the cassette by the
capatan drive and due to the drag between adjacant turns, the whale mass
of tape will revalvie easily on the ancdisad surface of the cassetls and the
FTFE rollers, thus rewinding the tape on the outside. Whean first fun
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alter loading, the winding tension will adjust itself automatically to the
corract inter-turn friction and the length of the free loop after the capstan
will wary gccordingly. In most cases the loop will lengthen as the tape
tightens up, and after the tape has run for some minuites the tape can be
respliced  {preterably at the onginal joint) o shoten the oop 10 a
convanient length. It showld not be made too small as this may cause the
tape 1o bind in the cassette.

Where the cassetts is loaded with a previously recorded tape of &
fixed length, the loop cannat be shortened haphazerdly, Any slack tape
should be taken up by making more tuns round the cassette (resplicing
the tape to avoid baasts) ol the free loop s oo shorl 1o make anothar
rn without removing the slack altogether.

After the cassette has been operating for some whila, at a conveniant
time the tape should be stopped and the heads and capstan/minch
roller cleanad to remove excessive accumulation of tape oxide. Once
the tape has been “run in”, htle oxde deposit will occur and the tape
can be run for longer periods without attention.

TECHNICAL DESCRIPTION

The Series Seven Forrograph recorders have been designed to keep
the basic opération as simphe as possible, vel to offer numerous fecilities
for those who wish to use more advanced technigues, The main func-
tions of the instrument are controlled by a single knob on the deck.
and the gain controds are arranged on the front panel Tor straght-
foreard cperation. The adjustable controls and swiatches which give
th further flexibility required by the enthusiast, are loceted underneath
the hanged flap at the front of the pansl.

Az in earlier Ferrographs, the instrument is constructed in thres main
sections (deck, amplifier and power unit) interconnected by plugs and
sockets to facilitate servicing. The deck comprises the mechanics for
the tape ransport together with the main function switch, the tape
hesds, etc. | the powear unit contains the mains fransformer, the smoothed
pawer supplies, the main 10 Watt transformerdess power output
stage(s), {if fitted), and the rear panel with the input and output sockets ;
the amplifier wnit includes all the amplifiers and pre-amplifiers, the
record oscillator, &le., and supports the main control panel with the
rrixing. walurme and tone controls, switches, etc. In the following
description of the design festuras, the recorder has been aplit into tedo
main sectiong, “Mechanics™ and “Electroncs”™,

Mechanical Section

The basic and most important feature of the tape deck is that the main
functions of the tape transport are electrically operated. This g achieved
by the use of electro-magnetic actuators operating over a shioit stioke
for consistent and relisble pedormance, and by the use of countar-
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balanced levers or aims so that the instrument can be operated hori-
zantally or vartically as desired. The operations of the recordar ara entirely
controlled by a single Functien knob, but conmactions are made 1o the
Auxiliary Socket an the rear panal 50 that the tape drive can be started ar
stopped remotely, either manually or automatically, @.9. by a ime switch,
Again, because the recorder is fully transistonsed, no “warming up™
panod 15 necessany and the complete recorder can be controlled by a
tirme swilch i thie mains lead.

Fape Transport

The tape wansporl system on he Series Seven deck utilises threa
meions, & capstan motor and two reel motors. On “Fast'” the reel motors
X101 B X102 are in saries across the mains supply &3 is also the Fast
Wind control RV103. This wirg-wound potentiometer (25 Watl rating)
has its slider connected to the junction point of the two real motors and
by varying the position of this from one side to the other, the power is
divided unequally batwaen the reels so that tape wind is achisved in
aithier diraction at fast or slow speeds. This potentiometer 15 oul of
circuit axcept when the Function switch 15 at "Fast”.

The capstan motor X100 s resiliently mounted on neoprene shock
maunts to mmimise machanical noise, and uses grease-packed ball
races, seated o special neoprens mounts, for greater reliability and
tong life. It is & split phase capacity tvpe induction motor which, after
reaching its synchronous speed, 15 insensitive to small changes of
applied voltage or load, and tharefora s spaed, within certain limats, is
controlted only by the frequency of the mains supply. It runs anti-
clockwise viewed from the top of its spindle, on which i mounted a
steppad pulley with a sand-blasted finsh for reliable traction.

Operation

The speed change switch SW104 is fitted with a three position cam
which maves the start lever to engage with one of three slider bars
gach carnying an idker whesl. On turning the Function switch SWI00
from “Stop™ to “Pause”. the Start solenod L100 is energised from the
saparate 24V supply {fused by FS1000, and the start anmature 15 pulled
into engagement with it releasing the brakes and actuating a micro-
swilch SW102 which energises all three motors. Simultanecusly the idler
lever, spring loaded 1o maintain constant pressure, moves the idler whee
into angagemeant with the capstan motor pulley and fywheol, thus
driving the flywheel. The heavy stepped flywhael is fixad 1o a stainlass
steel spindle. the top and of which is precision ground and sand blastad
o operale as the capstan. Iis lower bearing is a grease packed ball race,
neld in a special neoprene lined mount which is factory adjusted so
that the capstan is precisely parallel (in all vertical planes) with the
oinch roller spindle, and the sintered bronze, sell-lubricating upper
Dearing is supported in a special gimbal mounting.
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On "Pause”, although the brakes are off, the tape is maintained
slationary by tha two reel motors, which are energised (in serigs across
the mains) in opposite directions. On wming o "Aun®, the left hand
reel maotor is replaced by R105 and tha run solenosd L10T pulls on the
run armature whickh moves the resilient pinch rofler against the Lape,
gripping it against the capstan, As this is already rotating, the tape is
driven immediately and reaches its comrect speed almast instantansausly.
The tape is taken up by the right hand reel. which now has increased
poveer, and slight back tension is mentained on the tape by a special
constant friction brake acting on the left hend spoal to minimise flutter,

Tape Tension

On starting and stopping the tape, snatch due o the nertia of the
ragdl 15 ehiminated by tweo differentially damped tape lensioming amms on
pach side of the head assembly, and these automatically compsnsate
for any shight delay in taking up the tape when the ragl is nearly full.
On the high speed models only, at 15 infsec., the relay RL101 shoris
out R10% for a few seconds to give the take-ug reel exirm powsr to
cape with the very fast tape start,

Automatic Stop

The right hand arm between the capstan and the take-up reel also
acls as an automatic stop, Should the tape tension fail, it will swing
fully over and contact the fixed pillar, energising a delay circwit (VT100
B WT107). After approx, 1% secs. the auto stop reley ALTOD s energisad
and this switches off both the Start and Run sclencids, completely
shutting down the dack. As the relay has a hold-on contact (RL100a)
the Fumction switch must be returmed to “Stop” 10 de-engrqise the
relay by removing its earth conmection. The auto stop relay 15 also
triggared by the tape speed and equalisation swilches if these aré rot
hath set to the same tapo specd, and again, once the relay has bean
actuated it can anly be de-enenpsed by turming the Function switch fo
Thop",

Braking

When the Start solenoid is de-energised, the brakes are re-applied
toy the drums on the underside of the reel carriers, They are srranged to be
self-wrapping £0 as to have maximum effect on the reel from which the
tapa is issuing and vary little on the resl onto which the tape is being
wound, so that on being applied after fast winding they act egually
wirll whatever the direction of tape fravel. The amount of braking
torgue applied o each resl is adjusted by sliding a locking scréw In
& slot, and hence the braking can be balanced for optimum performance.
Because the speed of fast wind is adjustable, sharp braking is un-
necassary and the brakes are normally set o avoid overspill in both
directions without applying too great & strain on the tape, particularly
the thinner tpes, and once set comrectly no further adjustmants should
ba maadad.
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Turns Counter

The tums counter is driven from the underside of the right hand reel
carmer by a bel, and indicates the revolutionz of the take-up reel,
However, as the length of tape per revolution vares throughout the
tape depending upon the amount of tape on the reel, the counter reading
is not redated linearly to time, and & graph showing the relationship
tape/turns is given on page 21. The turns counter is returned 1o zero

{usually at the beginning of a reel} by pressing the Zero button adjacent
to it

Switehing

The main function knob operates a ceramic rotary switch SW10D0,
which selects the basic functions of the instrument. In addition the
switch spindle carries a cam. immediataly underneath the cover plate,
which engages the friction brake on "Run™ and disengages it in the
other positions, and which retracts the arm which moves the pressure
pads from tha heads on “Stop™ and “Fast”™. This cam also engages with
the mechanism which prevents the switch from being turned straight
through from “Fast” to "Run”, and this is released by maoving the
"Lock Release™ knob sideways to the laft,
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winen the Function switch is at “Pause” or "Run”, the Record
bButton cannol be pressed down 1o the "on’ position until the Record
Haelease catch 15 mowved to the left On sllowing it ta return to tha right,
tha Record arm is locked "on’. The Record Release catch can be moved
o the left by hand o this is done automatically on returning the Functicn
cam 10 " Stop”, when the Record lever will spring up to its “off” position,
When the Record lever is pressed down to the “on'™ position, it opeans
v contacts SWI108 which normally short the record head leads to
sarth. It also operetes a microswitch SWI07 which switches on the
00 (via SWIOD) to the meter illumination and 100kHz oscillator
giving the power for the erase head and bias for the record head, but
only on “Pause” and "Aun” as selectad by SW100,

Headls

The three heads are mounted on a block, (fitted beneath the hinged
cover at the centre of the instrument} which may be removed from the
deck as a complete unit. Each head is mounted rigidly on its own plate,
the erase head X103 to the left of the block, the record head X104 in
the centre, and the raplay head X108 to the right. Whila the erase head
is fixed, the mountings of tha record end repley heads are esch speing
Inaded on a central pivot with azimuth adjustmerd by a single hex,
socket headed screw (3 BLA. key) at the front left of each head. This
#nahles the heads to be alignad with thieir gaps accuratahy at nght anglas
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ta the path of the tape to ensure proper high frequency response, Again,
far reliable parformance, particularly at high freguencies, pressure pads
are usad on "Run™ to maintain the tape {even poor guality tape with a
stiff backing) in intimate contact with the head face.

Electronic Section

The electronics of the Senes Seven Ferrographs are completaly
transistorised and accordingly are constructed on printed circuit boards,
the intarconmacting wires baing solderad to pins ngadly fitted 1o tha
hoards, In the amalysia of the circuttry which follows, esch board is
descnbed separately (in the two channel models some boards are
duplicated. one for each channel, and the allernative components
quoted in brackets refer 1o the Lower Track).

Silicon transistors are used throughout because of their reliability
and their capacity to withstand termperature variations, and a wide
range has besn used, each type 10 suil & particular application. The
recard and replay tape heads have been designed specificalty to match
theiir respective amplifiars both in impedancs and gap dimension. Extra
low noise tranzistors (pop "Planar 117) are used in the critical replay
pre-amplifier stages to give a noise level weall below that produced by
the tape itself.

By making usa of the high input impedance and excellent overload
margin of field effect transistors, the Line input has an impedance of
2MLr and signals from B0md to a3 high as 10Y may be fed into i
without overloading

The Microphone input will also accept a wide range of signal strengths
and this 15 achieved by the use of a distinctive negative-feedback gain
control. Whan this is turned fo & lower gain setting to suil sironger
signals, the feedback in the circuit is increased, thus maintaining the
distortion al a very low leval,

Replay Board

The lead from the replay head X108 is soldered directly to the board 1o
avoid hum loops, and the s.i%nal i pazsed via RB.F. inlerderence sup-
pression componants R300/C302 to the base of WT300. The output
of this stage is further amplified by VT301 with negative-feadback
equahzaticn applied by R3156-318 and C313-317. to provide the
correct charactenstic at egch tape spead. The treble response is adjusted
by ©313. 315 or 316, while the exireme bass s set by B35 o 317, as
salected by the equalisation switch SW700. The signal is further amplified
by WT302Z, and a phase-shift arangement consisting of C311 with
CA05, 306 or 307 (again depending upon the tape speed) produces
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a small trable Iift followed by a sharp fall in the response, at the extrarme
of the frequency range. This removes any K.F. bias pick-up and
ensures that the response extends only shghtly beyond a chosen limit
for each tape speed, thus reducing hiss to a manimum. The muting of the
high frequencies during fast wind is provided by switching in R313
and C312.

The cutput signal from the replay board passes to the "Tape laval”
control markad A" under the hinged tlap on the control panel.

Meter and Tone Controd Board

The input signal for this board comeas from the " Cutput™ swibtch
SWI0ZE (or SWT03), and is either "Source” or "Tape” as selected
manually by the Output switch. The signal is amplificd by YT300
which hes & small voltage gain, and fed to the ematter follower WT401
which gives an output of 2V &t approxamately 30 0. The impedance is
mads up to BILE to drive the Lineg output by the series resistor RA0E,
but it drives the WU meter directly. thus avoiding tha slight distortion
of the signal which would ocour due o the meter rectifier if this was
driven from the higher impadance G001 point. As is usual with WU
meters, an offset of 4dB is used between sine wave and music signals,
an indication of O VU on music signals comesponding o mesinmum
recording level [3Zmbx/mm.).

The signal then passes to the wone control stage VT402, which has no
mid-frequency gain but provides boost or cut at both ends of the audio
band with a clearly defined cemfral level position tor the Bass and
Treble contrals, The signal is fed 1o the Low Level output and ™ Output™
control via R417 which on the stereo models enables both channels to be
connected together without any increase in distoron, i required. The
Dutput control varies the signal fed to the Powar Amplifier Board.

The Outpul contrel is a linear potentiometar feeding into a relativaly
low impedance 10 order 1o give an effective logarithmic characteristic.
This arrangement has been found 10 be more consistent than logarithmic
potentiometers and gives excellent balance on all gain settings on
sleren models,

Power Amplifier Board

This 15 located on the power unit, &ttached to a heat sink, and it
consists of a transfarmerless arrangement with hesvy negative feedback
taken from both sidas of the loudspeakor coupling capacitor TR,
Resistor RE11 provides feedback down to DLC., ensuring high stabdlity
even on reactive Ioads, while feedback wia R512 reduces the effactive
reactance of CHO0 1o an ingignificant valua, Control of the quiescent
current in the output stage is effected by RS06. which is adjusted for
approximately 25mé total current for the board, Correction of the
guiescent current for ambient temperature variations 15 oblained fram
the foreard resistances of MRSD0 B 501,
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Record Board

Thae signal from the Line input 15 ted directly to the gate of the F.E.T,
VWT202, which is wsed in a “follower” configuration 0 give unity
violtage gain with an impedance transfer from 2M L (0 & few hundred
chms. Protection of the F.ET. from stray leakage vollages inadvartently
fed inta the input s provided by R227 and MR200. The signal passes
through R21%6 to the Line gain control, which on stereo models may
alzo receiva a signal from the Transfer switch if this i in wse,

The Microphone input signal passes through R.F. filter components
R203 & C202 o the microphone pre-amplifier, which has two stages
VWIEZDD B WT201 wath the Microphong gain confrol gwing wvanabla
negative feedback to control the volume, After amplification the signal
mixes with that from the Line input, the mixing baing at low impedancs
1o achieve a minimum noise level. The combined signal passes through
WT203, which grves bass lift to the recording characteristic via C210 &
RE17, and thance to VT204, & vanable tapping cn AY220 provides the
“Fource” signal Tor the Output switch and Meter Board, the bass boost
being removed by CZ12 8 R222. The final record stage VT204 operatos
with heawvy nagative teadback which s reduced at high frequancies by
SWTOD which connects different by-pass capecitors for each tepe
speed, thus applying record pre-emphasis. The signal is then passed
fromy the collectar of WVTZ04 wia filter C214/R22Z5 which, together with
the filter on the oscillator board, prevents bias from appearing on the
collector of WT204. The audio output from the Board is prevented from
regching the record head, unless the "Record”™ button is depressed, by
SWADB on the deck, This ensures that ne accidental recording (even
without bias) can take place during replay due 1o signals which may
stlll be prasent in the recording ampdifiar,

FPre-amphagis 8oard

This carries the pre-emphasis components which are selected by
SWTOD to prowvide tigh-frequency boost to the record signal, the lower
octave being controllad by CTO0Z-T04 (and CYOE-T10 on steran modals)
depending upon the tape speed in use, and the sxtrems limit of the
response by BV711-713 (RAYT16-717),

Osciflator Lini

This is mountad on the rear of the amplifier and consists of a push-
pull arrangerment with YTE0D & VTGN, operating at approximately
100kHz, The coil LB has a tuned secondary which passes the R.F,
signal to the record and erase heads. On the steres models this is done
vid the track salector swatch SWeDD which alse mantains the bhas
constant in the mono and stereo modes by means of the dummy load
AVEOH, The frequency iz maintained constant by C807, connectad in
the “Stereo” position,
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The erase/Das supply 15 fad 1o the erase head viag SKRDF I:F;KHI:IH},
shich point also feeds bias to the record boad via the as control
AYT23 (AVT24) which is mounted on the front panel undar tha hinged
flap and marked “B”. The earth return for the record head passes back
ig the oscillatod col via BVT21 (RVT22), which gives & measuremeant
point for the bias current when the meter is set o read "Bias”

The D.C. supply for the oscillatar is presant anly wihan tha Becord
putton is pressed. and the oscillator voltage is increasad slightly at tha
faster tape speads by omitting RT01T & BT02. This increases the bias
mropartionally 50 that the valee s aptemum al each taps speed, giving
il best possible balance befwesn distortion, dynamic range and
fraquency response,

Meter Board

The Mater Board is mounted directly on the back of the matar{s),
the "source™ signal being fed w it from BV220 on the record board
lFamsastor WTEOOD {or VTEBO1) amplifies this signal 1o a level suitable
for feeding 1o the meter whan salectad by the Meter switch at * Source™
With the Mater switch at "Bias"”, the bias 15 read diractly on the meter
With the Maeater switch at "Output”, the meter s connected to the
amitter follower YT401 and reads “Tape” or “"Source” as selected
by the Qutput switch,
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APPENDIX A

OPERATIONAL FAULT ANALYSIS

Symptoms

FPossible Operational Causes

1. No "On" lamp; taps
weill nof run,

Mains fuse blown. Mains lead or
plug not properly fitted. Mains
selecior knob loose or wrongly
positioned.

2. "Resat” lamp illumin-
aled; tape will not
rurn,

Tape wrongly set round auto-
stop, or foil on tape contacting
foil stop, Speed selector and
Equalisation switches not set to

sama spaed.

3. "Reset” lamp not on
but tape will not run,

Spesd selector has been turned
when Function switch not at
"Stop”. Return 0 TStop” and
turn Speed Selector to adjacent
speed then back again.

4, After  turning  from
“Run™ @ TSiop”.
Function swatch waill
nat return to “Hun®,

Function switch has been turned
too far and Fast wand catch has
engagad. To clear, mova “Lock
Release” sideways.

&. Knowen, well recordad
tape will not play:
tape runs but no indi-
catian an meter,

Output switch at " Source”, Tape
incorectly positioned in heads,
Pigce of splicing tape sticking on
replay head. DOC. fuse Blown,
Replay contral ~A™ at minimum.

&, Tape runs, indication
o Frber Bt no sound
from speaker

7. Tapea raplays but with
poar  frequancy  ras-
ponse,

e ——

"Output™ control 3t zaro: In-
correctly wired plug in Speaker
pulput. Shaort circuit plug in Low
Liwil output,

Bass and/for Treble controls in-
corractly  sel Accumulation  of
dirt or tapa cxde aver replay head

aap.

it

appendix A—continued

Sy oG

I_ g, with Record bution
pressed  on URun,
iape erases but does
Nat Fecond,

Possible Operational Causes

. re—

Appropriate  gein control  in-
comectly  set, Input plug  not
properly inserted of in wWrong
sockst. Connecting lead faulty.

9. Signal mcorded  but
previous recording in-
completoly erased,

Pipce of splicing tape or tapo
oxide covening working face of
grase hoad.

—

10. Signal recardad
wioakly, with  poor
freqguency response

11. Hum recorded on tape
(check by changing
replay speed — if hum
recorded its fragquency
will also change).

— —

Tape caating outside instaad of
inside. Bias control B turned 1o
minmmum =— check by seliing
meter to read Bias [ a1 7L in/sec.).

ficrophone {and matching umit if
used) i hum figld, Microphone
transformar or leads insufficiantly
screened.  Microphone leads or
stand not proparly earthed or in
contact with meaing laakage paths.

appears 0 run hot,
eapecially  compangd

12. Take-up real  carmmier

with supply reel camier.

It &5 mormal for the take-up real
carriar to fasl hot to the touch,
(Tha wind back real motor 15 not
energised on “Run™),

S ——

13, Auta stop fails 10

cperate {after built-in
dalay).

Thie contact has become covenad
with tape oxida. Clean the contact
Jguide at the end of the arm as
descibed in “"Care and Maan-
terancn’, page dd.

14, Tape winds unevarnly,
capecially durimg wery
fast wind.

Roals incammectly set for height.
Tape has stretchad non-uniformly
and is concave oF wawvy, leading
i oded layers winding an  al
chiffergnt haighis,

1%, Turng counfer does
not register or makes
4 clicking monse

"Zara” butlon has nol besn reset
corractly. Press button fully down,

it




Appendix A—Sterec Models only signal-Operated Switching Unit
As descnbed in Manual, page 36.

5 1ams FPossible Operational Causes
Il P e Foot Switeh
16. When recording Transfer swatch not set o ~ O Foot aparated swatch for start and stop of tape, Supplied with 6 1t
stereophonically. of lesd with plug 1o fit Auxiliany Socket (see page 35).

breakthrough of one
track 1o the other.

Microphone Matching Unit

17.When recording Record Mode switch set to wrong Type TA/30/ML for use with 30/604 microphone to match inta
maonophonically, doas PROSIICHT, medium impedance input,
not erase of recond,

Ferrotape
Lamg Play magnetic recosding tape supplied on full reels,
Standard

Type & oxide
APPENDIX B AL7 77 dia. 1,800 f1,
ALB B dia. 2400 ft,
The following accessories are evailable for use with the Ferragraph.
Low Moise—Extended Response
Type B cxide

Carrying Casa for Series Seven Ferrograph BL? 77 dia. 1800
BLE 817 dia. 2.400

= e

Best quality waterproof canvas with zip fastener ; gives full protection
against rain and dust,

Spare Tape Spools

Spools (empty) 7" dia, RE7
Dust Covar 83" dia REB
Attractive rigid ransparent cover 1o protect the mechanism from
dust, aie,
Miscallaneous
The following spares can alsa be supplied,
Defluxer Lamp Bulb LES, 14V 456—002
For demagnetising record and replay heads. Pravents hiss and Fuse 1A (20 mm. x 5 mm. dia.) 380000
protects tapes from cumulative background noise (see Mote at front 28 (20 mm, x & mm, dia) FB0—009
of Manual). Balt [turns counter} DE0—000
Jack Plug, Screened SP7
Endless Loop Cassette Unscreened UP?
As dascribed in Manual, page 49. Ausilary Socket Plug (7 pin, DIN) 577002

10 n
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. mater 47

. cptimmLim 47

. lable 47
Block, spheing 29
Cabinet, 13
. et 13

. lid 13

. Installation 35
Capstan, cleaning 44
Care and mainienancea 44
Carrying handle 13
Cartricge 15
Cazé ramdoval ar
Cassette, 4%
. loading 50

. moumiing ETh

. OpEratsn 1
Coramic pick-up 15
Changing tracks 28
Characteristics, microphona 26
. replay 10, 49

Chassiz model 34
Cleaning, sutd slop 44
, Capstan A4

. heads 44

Control, bass 2% 49
. trahle 22 44

o vl L a2
Constant tonos 46
Courar, turns a
Crystal pick-up 15, 46

T2

D.CJ M C. apparatus
.C. fuse

Dieck functions
Datlueer

Douwbie mono
Drop-outs

Echo

Editing

Endless loop cassetie
Erwiranment, acoustic

15
13,186
17
12
28, 43

36, 43

Equalisation, compensetion 49

. switch
External, ampifier
. lbudspeaker
a DFH!I[EINDI'I-

F.b. (V.H.F.) steren
Fast wind,
. manilonng

Fault analysis, operaticnal

Feadback, acoustic
Faet, el
Farrotapme
Fonl stop
Foot switch
Frequency responss
Funciions, deck
Fuse, D.C.

, mains

, replacemant

Gate, tape loading

Gramophone, input
. record

Graphitad tapea

Half track, mona
, Bleran

49, 50

28
28, 39

INDEX—carfinued

{andle, carmying 13
Head. cleaning 44
. palarised 12
Headphiones, 17
, momitanng 25, 27

Height, reel K] |
Howl {acoustic feedback) 25
Hokink sponls 18 31
lluranation, meter 24
Impedancs, inpuls 9. 14
o Outputs 9,16

Input, line 14
. microphone 14

, plek-up 16

, uner 14
Installation in cabinst A
Interjectiaon 24
Internal loudspeaker 156, 26
Lamp, reset 18
Lead. mains 13
Length, tape per reel 33
Level, racard 24, 44
. replay 46, 48

Lid, cabinet 13
Lire input 14
Loading, cassells &0
, fate 18

, tapa 18
Location, microphong 26
Loop, endless 49
Loudspeakar, external 16, 24
internal 16, 25

leads 16

marilaring 27

output 16

. stereo placement 39

il Life 22

Low noise tape 33, 46

73

Magnetic pck-up 16
Mains, fusa 13, 44
. lead 13
. plug 13
. switch 13
. woltage 13, 46
Maintenanca 44
Meter, 23,27
. Hlumination 24
. swatch 23
LWL 24
. manitofing 27

Microphone, charactenistics 26
.impedance 14, 26

. input 14

. location 26

.matching unit 14,26

. record 25

Mixing, 2 input 24
. 4 input 40
Models, 11
. stereg 39

, P2 B 704 44
Monitaring, fast wind 28
. head phones 27

., lewvel 48

. loudspeakar 27

, Meter 27, 48

Mono, 28
. dowubla 40

, track disposition 28, 29

P ualtiplay 40
Operation, cassette 62
, deck 17

. Bxternal a4

. public addrass a7

, signal 36

L time switch ak

wvigrtical 10 31

Operational fault analysis 68
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Qptimum bias a7
Chutput, amplifier 1L
, hadphones 17

. loudspeaker 16

. Bwitch 23

Pauss 18
Pick-up, 15
. CEFAmIC 15

. crystal 15, 46

, Magnetic 1%
Playing time 32
Plug. mains 13
Paolarized head 12, 39
Power supply. 14
L 30N, BOHz 46

Public address operation a7
Cluartar wack 43
Radio, input 15
, record 25
Radiograrm 15
Fecord modae switch 26, 39
Record player 15
Recaord, 24
, gramophone 25

o Dl 2446

, microphoneg 25

. redio 25

. stersn 26, 39

Reel, haight N
. retainers 18, 31
Remote, start/stap 35
. valume 35
Remaowal from case 37
Replacement fuse a4
Faplay, 22
, charactanstics B, 49

, lewal Wh

HAeset lamp 18

Response, frequency check 46

Response, specification 8

Retainers, reel 18, 31

Selector, equalisation 18

, mains voltage 46

. speed 1B

Signal operation 36

.l a8

. Op. swatching unit 36

Source (output switch) 23

Specification B, O

Spead salector 18

Splicing block 289

. tape 3

Sponls, height K|

. hublok 18, 31

, Size Y |

Start/stop, remote 36
Steren, loudspeaker

placemant a4

. mesdels a9

. record 24, 39

. track dispositions 28, 28

Stap, auto 20, B

. Tail 20

Surges, switching 24

Switch, equelisation 18

, maing 13

. Ml 23

. Butput 23

. racord moda #8, 99

, tramsfer 40

Switching surges 24

Tape, 33

. bias 46

. double play a3

. graphited 449, &0

. length per reel a3

. lewel-" A 48

. Ioading 18

. long play 33

. b prois 33, 46

1N DEX—continued

Tape, output switch
. quadruple play
. spead
. splicing
. triple play
,wind
Tachnical section
Time per reel
Time switch oparation
Tone controls
Tones, constant
Track, changirg
. dispositian

Track-to-track transfer

Transfer switch
Trable contral

22,49

28, 29

75

Tuner, input 14
. record 5
Tumns counber 20, 1
V.H.F. (F.M.) steren 14
WL meter 24
Vertical operation 13, 31
Vaoltage selector (mains) A6
Vaolume, loudspeaker 22
. PEmole a5

Wind, fast 20
. laps 20, 32





