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DRAWINGS.

Drawing No. Title

CDs1105 Circuit Schematic

AW3105 General arrangement, 1id removed

AJ4105 Top view with front pansl removed

Ae5105 Plan of chassis showing capstan assembly, etcs
A, 6105 Bottom view

A.7105 General arrangement of Battery Compartment
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SECTION 1. GENERAL

1.1 Appliestion.

The Type CE3 Tape Recorder is s lightweight battery operated
unit, suitable for recording in locations where 4,C. power is not availabls.
Tt incorporates a spring-driven motor. a recording amplifier channel with
sufficient gain to use a high quality 50 ohm moving coil microphone and e
play-back channel with loudspseker outout, Monitoring and metering
fecilities are slso included.

1.2 General Description.

The tape recorder is housed in a marcon plastic covered wooden
case, overall dimensions being 14" x 83" x 8&" high. Its weight is
2%z 1lbs including batteries.

The unit is constructed around an aluminium casting, which
comprises the tape deck and mounts the double=-spring clockwerk motor,
the tape drive and speed regilsting mechanisms and the tape head aszembly.
The amplifier chassis i1s fitied to the main casting, while the loudspeaker
and the battery compartments are attached to the case.

Interconnecting laads are brought out via 4 pin plugs and
socckets, The battery plug and sockets are coded to prevent incorrect
mating.

In order to reduce the effects of microphony the amplifier tuves
are mouvnted on sheckmounted sub-chassis, and the wiring to the compeonent
panel is ocarried out in special multi-stranded wire woven around e nylon
core, The movement of the shockmounted chassis is limited.

Operating controls, fitted to the side of the unit and eveil-
able through an opening in the case, are as follows:=-

START/STOP lever, which alse operates the battery
switch,

MICROEgONE socket, this being a standard 3 pin receptecle
to suit standard studio microphones,

'FHONES jack, for monitoring purposes (high impedance
"phones).

GAIN contrel for adjusting the recording level.

: Access to the motor drive belt and the majority of adjustment
points is gained by removing the front panel which is held by 4 screws.

The following c-ntrols and meter are available from the front
ranels -
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Meter Switch - with positions for checking LT end HT
batteries and recording level.

Play=-Record Switeh.
Cepstan Speed Adjusting Screw.
Playback level - preset with screwdriver adjustment.

< The unit is held in its carrying case by two screws fitted with
grooved rings to attach the carrying strap. This allows the operator to
carry snd use the unit while supported from his shouldsrs,

The tape transport system has been designed to make the most
efficient use of the limited power available from the spring motor. At
the same time the performance achieved is of a high order, thus ensbling
recordings of professicnal standards to be made,

Fast forwerd and rewind facilities are available by carrying out
a si ple re-threading of the tape to be described later (Section 3.4.).

The recording amplifier channel has been designed to give ample
gain for use with a high quality 50 ohm moving coil microphonme. The rscord
head incorporates a ferrite core with resultant economy of bies power,

No erase head is provided in this unit end pre-erased tapes are
to be used.

A playback head is used to monitor the recording through a
separate amplifier chamnnel and high impedence earphones, The ssme hesad
and amplifier are used to drive a 5" loidspesker for re-play purposes.
Winding may be carried cut whilst recording.

Lines marked on the perspex pansl, directly above the spocl of
tape on the supply side, permit the operator to ascertain when s motor
rewind is necessary.

The battery complement is as follows: -

1 -~ type 742 "LT" battery (13V)
2 - type 467 "HT" battery (67iV.ea.)

The }life of the batteries depends on the operating cycie of the
equipment, For example, if tho equipment is operated say for 2 hours per
dey at cycles of 10 minutes on and 50 minutes off, then the approximute
life of the oatteries would be: =

"LT" - 80 hours' gctusl recording time
1 i]T" o 20 " " 1* "

1.3 Performance Specification.

Tape Speed 74" /Sec




Recording

Frequengy response

Distortion

Signalﬁoi se Ratio

Wow and Flutter

Bias Useillator

freq usnoy

Re-Play amplifier
output

Re-Play amplifier
distortion

Playing time per
wind

Battery consumption

Page_6.
Full track
With 12 @b of the response at 1 Ko/s, from

100 o/s to 7 Kc/s when re=played on 2
recorder having C.C.I,R. characteristics.

At full recording level, less than 5% when
re-played as above,

Better than 40 db below full recording level,
with the gain control set for an input of
-5@Q dbm, when re-played as above,

Botter than 0.35% R.M.S. total.

40 Ko/s. * 10%

Approx. 60 mW into loudspeaker at full
recording level.

Less than 5%.

4 minutes.

Record Re=-play
1 csv 0. 35 amDe 0.18 aMPe

18 12.5mA 845 mhe
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SECTION 2. DETAILED DESCRIPTICW.

2.1 Tape-drive Mechanism.

Reference should be made to Drewing No., A.4105 showing deteils of
the tape deck,

The drive of the moter is sapplied to the teke-up spool hub (¢) by
means of the drive pulley {4) and a rubber belt (B).

The brake-lover (E) applies friction to the supply speol hub (D)
when the start/stop lever (F) is in the “stop” position, In the "start"
position & cam (G) partislly releases the brake, leaving sufficient friction
to provide scme tsps back-tension. This is controlled by means of s
spring {SP1).

The linear spesd of the tape is controlled by the capsten and
governor assembly (H) in conjunction with the pinch wheel (J) and the servo
arm (K). Details of the governor essembly are shown on Drawing No. A4.5105.

4 50 eycle/sec. stroboscope is attached to the top of the fly-
wheel (L) allowing for sccurste pre-setting of the speed by means of a
spindle (M) which in conjunction with a spring (SP2), (Drawing No. A.5105),
controls the setting of the governor. The movement of one segment of the
stroboscope past a given point per second is equal to a speed chenge of 1%.

When the equipment is switched on, the cam (G) also sctustes a
lever (U), which operates the filament s.pply switch (SWA) by means of an
edjustable screw (0). In the "stop" position, a lever (P) applies braking
to the motor pulley and the pinch wheel (J) is lifted clear of the capstan
by mesns of a screw (Q) acting on the serve arm {K).

The action of the servo arm can be explained as follows:-

When the tape is threaded for normel operation as shown in
Drawing No. A.3105, the upward tension on pulley "R" is governed by the
amount of tape on the teke-up spool. Az the latter fills up the angle
of contact between the tepe snd the pulley decreases with 2 resultant
reduction in the upward pull, The result is a decreese in pressure hetween
the pinch wheel and the capsten, thus equalising tne tape “ension, £ limit
to this is set by a spring (SP3).

The record and playback heads are mounted on a plate (§). Azimuth
adjustment is by meens of screws (AZR) and (AZP). A small terminel (T) is
connected to the record hosd and extends through the front psnel, It may be
used for adjusting the record hesd Azimuth by feeding its output to an
external amplifisr,

A microswitch (SWE) 1s fitted to the rear of the motor. Details
are shown in Drewing No, A.5105, The alarm lever (U} is under the
influence of two tensions, i.e., the tension inserted by the motor spring
countered by a spring (V), whose tension is adjustable bv means of » nrow
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If required this switch czn be used a8 a means of operating a rewind alerm

system (not supplied with the eq:-ioment). The lever (U) has been locked
by means of a screw.

2.2 Battery Supply Switching.

Reference to the circuit Schematic (Drawing Mo. CD.1105) shows
that the filament circuitl is closed by a microswitch operated from the
start/stop lever (seec previcus section). The negative side of the L.T.
battery is returned to ground, whilst the negstive side of the H.,T. suprply
is returned to ground vis the bias resistors (R12 and R28}.

Pilament power is applied to the first two stegss (V% end V6) of
the playbuck channel as soon as SWA is opsrsted. When the "Plav/Record"”
switch (WRA) is in the "Record" position the filsments of the recerd
amplifier stages {Vl, V2, V3 and V4) are energised, When the switch is in
the "play" position, the loudspeeker amplifier is operated.

2.3 Bias Supply.

Reference to the Circuit Schematic, Drawing No. CD,1105, Issue
(C) shows that the back bias resistance comprises two resistors, viz.,

(e} TFixed resistor, R,12, 470 ohms,
in series with
{b) & potentiometer, R.28, 1000 ohms, linear.

£s a result, the D.C. bias can be adjusted for minimum
distortion. At any ti 1e, when the distortiom is found to be excessive

or after replacing V3 (Type 3V4), the 0.C. bigs should be adjusted as
described in Section 4.2.7.

2.4 Recerdiqg Chemnsl.

There are thrse stages of smplificaiion (V1, V2 and V3) employ-
ing two type 1US5 tubes und one type 3V4. A type 3V4 tube {V4) is used
in the bias oscilletor stags.

Resistence/capacity coupling is used throughout the amplifier,
High frequency pre-emphasis is provided by means of a fesdback network
(R9, R10 =and C8).

In order to obtein a small amount of treble boost, a network
consisting of R.29, R.30 and C.19 is added as & feedback circuit, between
the ancde end grid of V.l. Details are shown on the Circuit Schematic
(Drawing Kc. ¢D,1105, Issue C).

If the condenser (C.19) is not conmected, approximetely 3db
constant feedback over the frequency range is aveilable,

A condenser having a value of 400 pF will give rpproximately
2 db boost at 7 Ke/es.
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record head (RH1) vie a blocking condenser (C6), loed resistor (R10), snd
the secondary of the biss oscillator coil (Ll). C7 forms & resonsnt
circuit with the secondery of L1 and the record head.

A relative indicetion of the recording level is obtained on the
built-in meter (Ml). The value of the multiplier resistor (R24) is such
as to give a meter reading et the lower limit of the hatched portion of its
scale, when full recording level is used.

2.5 Pleyback Channel,

A thres-stage, resistance/capacity soupled emplifier is used
(V5, V6 and V7). Approximately 60 milliwetts output is available to feed
the loudspeeker. Loudspesker level control is obteined by me:ns of e
preset potertiometer K19,

A network consisting of R20 and Cl6 across the primery of the
output transformer (T3) provides de-emphsmsis.,

The anode voltage of the second stage (V6) is applied to the
output stage (V7) when the pluy/record switch (WRa) is in the "PLAY"
position. In the "RECORD" position, the filament of V7 ia switched off,
end V6 becomes part of the monitor circuit (see following section).

2.6 Monitor System.

Under recording conditions, the signal 1s reproduced from the
tape by the re-pley hesd (PUl)} snd emplified in the first two stages
(V5 and V6) of the play-back chennel. The output of V6 is applied to the
monitoring headphones throush Jl.
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SECTIQN 3. OFPERATING PRCCEDURE.

3.1 Setting Up the Equipment.

#hen placing the recorder in operation, the following procedure

should be followed: -

(a)

(b)

(@)

(e)

(£)

5.2
(a)

Loosen the captive thumb screw at rear of recorder case, open the
flap and check that the batteries are fitted. See Section 3.0
for details of fitting or changing batteries, and refer to Drawing
A.7105,

Plug a pair of high impedance headphones into the jack on the control
panel at the left hand end of the case. Flace the Start/Stop lever
on "Start", and check battery voltages as shown on the built-in meter
with the selector switch (WR3) in the "L.T." and "H.T." positions.
The meter should read within the red hateh area of the scale, It
the reading is low, the appropriate batiery should be replaced,

Feturn 3t.ru/Stop lavwo? ints “otop" positions

Flace a 5" spool of pre-erased tape on the left hand hub, and thread the
tape as shown on Drawing 4.3105. It is essentisl that the tape be
wound coated side inward.
Place an empty 5" spool cn the right hand hub.
See that the tape is correctly placed in the guides and over the heads,
otherwise it may run off the capstan when the recorder is started,
IMPORTANT : Use only PVC thin base tapes with large hub spools; old
type, small hub spools, will cause excessive changeés in
tape tension,

Pull cut the retractable winding handle and wind up the motor. Do not
overwind, Stop winding when resistance is felt,

Plug a 50 ohm moving coil microphone inte the socket on the contrel
panel. Flace the Play/Record switch to "Record" position. Switch
the lever to the "Start" position and meter selector switch to the
"VU" position. Advance the "Gain" control until the meter peaks into
the red hatch ares whilst speaking into the microphone,

Set the speed of the flywheel by viewing the stroboscope under a S0 e/s
fluorescent or neon light. The speed should be set by means of the
screw driver adjustment adjacent to the fly wheel, so that one bar appears
to pass a given point each second in"g clockwise direction, This test
should be mede with the take-up spool (right hand) nearly empty, and

the motor fully wound. Under these conditions, the tape speed will be
approximately 1% fast, which will allow for a drop in speed as the motor
unmwinds, The recorder is now ready for use,

Recording,

Place the Start/Stop lever into "Start" position.



Page 11,

] 2 1 1 1 .' -
(¢} Check that the Play/Record switch is ir the "Record" position
(d) Speek into the microphone,

(e) Chseck.
(i) " .T." snd "H.T." meter readings.

ity g Bigakey rezding -~ shovld peak within red-
hgtched area., If necessary edjust gain control.

{(1ii) Recordin: in monitor headphones.

(f} Winding is necessary when the outside of the tmpe on the supply
spool lines up with the markings printed on the perspex window.
When winding, while a recording is in progress, wind at an even
rate and do not overwind.

(g) Switch off when the recording is completed by placing the Start/Stop
switch into the "Stop" position.

NOTE: Having switched off, wait for ap.roximately 1 minute before
switching on again. This allows the flywheel to stop, and
avoids spilling the tape.
flternatively the {lywheel may be stopped quickly by gentle
pressure of the finger on the rim.

3.3 Playing Back.

(a) Thread tape to be replayed as in Section 3.1,
{b) Start recorder es in 3.2 (a) and (b).
(¢) Check that Piay/Record switch is in "Play",

(d) Set lovel convrol {screw-driver slot adjustment through front panel ),
for convenient loudspeaker level.

3.4 Other Fscilities.

To wind the tape fast forward, remove the tape from the pinch wheel
so that it pesses straight to the take-up spool (not vie the capstan).

To rewind, remove the spools and change them over, threading ss for
fast forward.

No complex brakes or clutches are used to aid rewinding; the left
hand or supply spocl should be braked lightly with the finger tips when
running fast, to eamsure even winding of the tape.

3.5 Batteries.

Drawing Wo. A.7108 illustrates the battery compartment, Access is
obtained bv locsening +he kninrlod ~onmtivn sasmam b Lo 0 . -5 s s
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The battery comploment compris:s a type 742 battery (1,5 volts)
for the L.T. Supply, snd two type 467 betteries (67.5 volts) for the H.T.
Supply.

The battery compartment socket (SKB) ond the plug {PLA) atteched
to the interconnecting lesds, are coded with red paint to prevent plugging
in incorrectly,
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SECTION 4, IAINTENANCE.,

To Remove the Unit from the Case.

(a) Openr the flap of the battery compartment, and disconnect the battery
cable,

(b) Disconnect the loudspeaker cabls, being careful not to dsmage the
shook=-mounted subwchassis,

{(¢) Unserew the 2 screws which Fasten the casting to the case.
(@) Remove the winding handie,
(8) T4ft out the unit, holding it by the meter casting, DC NOT LIFT OUT

THE RECCRDZR BY THE TAPE PULLEY OR QAPSTAN AS3EMBLY . THIS WILL RsSULT
i SZRIOUS D*MAGE TO THESE “ECHANISYS,



off pulley.

.Hm 4.1 Lubricatiche
o Part ; Shown O©On : Lubricant : Procedure ! Pewdod
o : Drawing No: Symbol: : .
(s
Capstan ball bearings £e 5105 H1,H2 Solution cf 10% Shell Introduce 3 drops into each 2 nenths
G.960 in Shellite. ball bearing, via the holes
from which the shaft emerges
Governor disce 45105 H3 Clean with 2-3 drops of When requ
kerosene
Spool hubs ) L4105 C&D CGrease : Should stiffness occur in Then requd
Pinch Wheel ) Ball Aed105  J Shell Retinex i. any of these bearings, wash
Tulley ) Bear= AL105 R out with kerosene, and
Motor ) ings 445105 d re-grease
VMotor.
Fan brake shaft pivots  4.5105 a &b Shell G,960 4dd 2-3 drops 2 lionths
Fan brake shaft worm A45105 e} "Acheson's Oildag” Light smear 2 Henths
Other pivot bearings Shell G.960 2-3 drops 2 Nnths
Eonrs Greasgse ! Light smear Then regul
Shell Retinax A,
Belt Guide Pulley Adb105 I Shell G, 2-3 drops. NOTE: Koep il Wi it
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4.2 ADJUSTWENTS.

4.2.1 Supply 3pool Breke

The tension on the tape leaving the supply spool is 1mpor?an§tl
and may be megsured by applying a gram gauge to'the s?ool, atvthe junction
of the spool erms and the rim, the correct tensloaﬂbexﬂg 15-1. grams.&ﬁlor\
Adjustment mesy be made by bending the spring lug "SPL1 (Dr?w1ng Nc., A4105)
towards the spool for greater tension or awey for iesi tension. ' 'The
adjustments must be mude with the start lever in the "Start” positiom.

4.2.2 Servc Arm Relcease Screw {(93).

This screw should be adjusted to 1ift the pinech wheel clear of the

capstan when the machine is stopped. To adjust, place lever in "start"
position snd tirn screw to give sporoximately .010" cliuarsnce between the
end of the screw and ths servo arm. Lock in position with locknut,

4.2.3 Fsnbrake Shsaft. (8ce Druwing No, +.5105),

Note thet the pivot bearings are bored eccentrically end rotstion
of these controls the meshing of the worm and wheel (C). The meshing
should be as devp as possible, consistent with complete freedom from
binding. The pivots should also be edjusted to al low free rotstion without
excessive end pley as this will ceuse noisy eperztion.

4.2.4 Re-’ind Alarm Switch. (See Drawing No. A.5105)

To place the switch SWB into cperation, remove the screw which
locks the lever (U).

To adjust the operation of the switch thread the teps to en empty
teke~up spool. #Wind motor fully znd sllow mechine to run for appProx-
imetely 4 minutes. 4djust spring temsion screw (X) on back of spring
mowor so that the switeh just operstes when the motor is runni ng,

The alarm lever (U) should move approvimevel v 1/52" when pressure
is applied with the fingers and the microswitch (SWB) should operate. If
not, loosen the screw "7" and move lug "Y" slightly until switch operates
correctly, then tizhten screw.

4.2.5 To Replace Record and Pluybeck Heads. (See Drowing #o. £ .4105),

After prolenged uss it may be necassary to replace the heeds, 2
complete assembly consisting of the bause plate and heads is supprlied as ¢
replacement unit, It is only nicessary to rsmove the two 6BA screws (s1
and 32), unsolder the leads snd remove the old assembly, Then replecine
be careful to retsin the shims undemesth the plate, s

4.2.6 To adjust Azimuth. (Sze Drewing No. 4,4105)

Remove battery plue.

Demasrnetise hends. TR o i B e e
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of{" the eraser.
Thread arimuth test tepe on recorder.

Comnect test lug "T" to the input of a hich gein amplifier (use
recorder ochassis as carth). Start machine snd odjust azimuth scrow ":7g"
at the side of the record head for maximum output from the amplifier.
Remove amplifier connection snd replace battery plug, Switch recorder
to "Play" position end align repley head ("4ZP") in a sirilar feshion by
listening to the loudspesker output.

4.2.7 D,C, Bias adjustment,

Connect s scrcened lead betwesn the replay head (PULl) snd e
suitable smplifier, the output of which is fed to = distortion meter.

Prepare a recording at 800 or 1000 ¢/s. in the ususl mannsr end
adjust R.28 for mivimum distortion reading.

NOTE. If the distortion and noise meter used is fitted with
inbuilt welghting networks, itv is advisable to carry out
the sbove test with the "telephone weighting" switched
in; this will eliminate the noise contents in the
recording and will szllow & more nmccurgte setting of R.ZB.



4,3 Amplifier Test Information.

TABLE 1, RECORD AMPLIFIER.

Tests taken on amplifier with 20,000 chm/voltmeter and with the

following battery voltages:-

AbPL i = 1.4V to chassis
H.T. = 1280V % "
Back~bias = 10 Ve
Stage Ve Ancde V.Screen
vl SV 3V
Ve 2V <6V
Va 26V oov
V4 68V 68V
R.M.S. Bias cscillator voltage across Record head = 50V % 5V,

Qutput reguired for standard recording level

Maximum sensitivity (gain control turned to maximum).

1.5V RMS at 1000 </s.

Reference = 1.5V RMS at 800 ¢/s, measured noross R10 with record
head shorted out.

Input regquired = -76 dbm,

Freguence response

Output measured across R10 {record head in circuit).

50¢/s -3, 5db

160c/s ~1.,5db

1000¢/s 0 db

3000¢/s +1.,5db

5000c/ s +3+5db

7000C/ s +5 4db

10000c/s +2 db

Signal/Noise ratio Measured with gain control set to maximum.

Reference = 1.5V RMS across R10.

o~ A 5. e



Page 18,
TABLE 2 FLAYBACK AMFLIFIER,

20,000 chm/volt meter,

Battery voltages ¥ L.T. = 1.45 V to chassis.

H.Te 126 V to chasegis,

Back bias - 6.8 V.,

Stage V.Anode V., Screen
V5 17 ¥y 30 V.
Ve 57 V. 27 V,
v7 88 V. S0 V.

Maximum sensitivity (level control turned up to max, )

Reference output * 25V RMS at 800 ¢/s. across primary of
output transformer (= 60 mW APDPTOXe )

Amplifier Input required = - 70 dbm,

Frequency response.

200 /s 4+ B5'8b
800 ¢fs 0 db
2000 /s - 0.5 db
7000.¢/s - 1.5 db

Distortion

at 60 rM output = 5%

Signal/noise ratio

50 db approx, (reference 6Q m¥),
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4.4 Overall performence test figures.

Replayed on machine having CCIR characteristics,

ROCOI‘der Seri&.l NO aves .‘.‘?:’.“;‘2. sasw

Date Tested Prasay .‘??.7.?.?.‘:.5.’:'.

Wow and Flutter (R.M.S.) Wow: -"’-’!-'-% Flutter -':?-% Total’ J...%

Distortion (Reference: 800 o/s. -60 dmt input, gain control set to
reference on V.U. nmeter).

R I8, distertion .. .-3 A

Signal to Noise ratio (Reference as above),

T
= .‘t...'..?'l.'.'db unweighted-

Frequence response (Reference 1 Ke/s, - 66dbm input, gain control set
as above),

lOO G/S. "'ovo|v:::¢-lodb
1000 C/Sa ko D..‘.Ol..t.db
7000 C/S e .-.-Z’.{'-..db

L

Tentold by St vitsabassnssse




4.5

Tanlt Locating Table,

Foult Condition

P.?ge 20,

Possible Causes and Remedies

1. Excessive flutter Tape on supply spool sticking.
Finch wheel running out of true - replace,
Dirt in eapstan ball races ) Replace

capstan

Bent capston shaft ) assembly

2. Excessive wow Insufi'icient clearance between serve arm
and release screw - see Section 4.2.2 for
correct adjustment.
Faulty or dirty ball race in pinch wheel,
supply spool hub, or tape pulley - replace
or clean and re-lubricate.
Faulty drive belt - ;eplace, See Drawing
No. A.4105 for corredt placement of belt,
Foulty supply spoel brake pad - replace.
Worm drive in spring motor or gears out of
adjustment,

e Machine does not start Faulty movor - ree-adjust or check for
broken spring.
Famlty capstan bearing - replace assembly.
Brake shoe not clearing drive belt -
re adiust,

4., Machine will not reach Incorrect adjustment of tension on supply

operating speed spocl. (Seec Secticn 4.2.1).

Capstan bearings dirty - replace assembly.
Governor dise dirty- wash with kercsene
or petrol.
See also Fault No,2.

5. BExcessive distortion

Reocoxding level too high = check setting

AT rendrm Alrd s



Poge 2l.

Fault Ccondition Possible Causes ond Remedies.
fie Excessive distortion (contd.) Batteries low - check and, if necessary,
replace.

No or low bias oscillator output - check
circuit and V4.

Faulty Velve (V3) - replace.

Incorrect valve of bias- re adjust K128
for minimum distortion.

6. Excessive microphony Check adjustment of shockmounted sub-

chassis - see that they clear chassis an
limit studs,

Faulty valve (V1 or V2),.
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SCILSDULE OF COMPONENTS.

Key to Suppliers' Code No,

Code Noe

1

10

1

Supplier's Name.

Commonwealth Electronics
Ptyl.Ltd,

Mullard-Australia Pty.
Ltd,

Hanufacturers Special
Products Pty.Ltd,

United Cuapacitor Co,
Pty Ltd,

Ducen Condenser Ltd,

¥, Jd.diclellan & Co.Ltd,

Master Tnstruments Pty.
Ltd.

Transmission Products
Pty.Ltd,

Trimax Transformoers

Be llco Pty » Ltd.

Morgan Crucible Co,
(fust.) Pty,Ltd,

AHddress.
3=5 James Street,
Baulkham Hills, N.S.V.
Derwent Park Annexe,Hobart
T_ELS.

35 Clarence Street, Sydney

47 York Street, Sydney
433 Punchbowl Road,Enfield
N.S.W,

Christina Road, Leighton
Field N,S.W.

126 Sussex Street, Sydney

13 Blackfriars Street,
Chippendale, M, S.W.

Denison Street, North Sydney

Charles Street, North Coburg.

YIC.

30 Carrington Street,Sydney

Bourke Road, Alexandria N,S.W.

Telephone No.

A 4211

Hob, W.

BX.

Bo 02330

U¥. 3510,

UB, 1321

BX, 1131

MA., 8001

B, 4018

Melbourns
¥, 1203
BX, 2811

MU, 1371



Puee 23,

S P Velue Toler- Supplier Suppliers
Cl§CUlt Description Yk Code. Tyve No.
T3
2 105
V1,v¥2,V5 Valve type 1UD
Ve
o Ti‘
VEVEYE v e £ e
Tl Recerd Input Trensformer 50:5Q2,000 ohns 9 TA1393
T2 Repley " " 60:25,000 ohms 9  TiL133
il lleter, 0-bOus movement 7 Sadl
red cese, red hatched
ares, 70-90% sosle.
Case S.21.
Ll Bies osecillator coil 1. 5128
40 Kc/s.
RH1 Record head mssembly 1 5129
PU1 Playback head assembly 1 5130
J1 Twin circuit jack 8
D Trensformer,
10,000 ohms/V,C. 3 X220
L81 Loudspesker 5" 3 20861/
525/Fr,
SWE,88B Hicroswitchette 10 Burzess
V3.
WRA Flay/record swilch 3 pole, 3
porxition N/S 3 Osk typeE
WRB Hdetsr switch 2 pole, 3 3 Oak seriesg
position, 20 type
1l wafer 2€,
R23 Record gain conitrol 0.5 meg. 5 500 K/C
potertiometer
R19 Loudspeaker volums 1l meg. b 1 meg/C
contrel, potentiometor
RZ8 Varisble bias resistor 100C ohms 5 1G00.
ohms/@
R12 Bies resistor. 470 ohms 10% 11 Type T
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Circuit Description. Value Toler- Supplier Suppliers
No. Nee Code Twpe No.

R20 II.T. Dropping Resistor) 4,700 ohms 1C% 11 - Type T

R27 De-emphasis Resistor )

R10 Anode Load )

R6 Fesdback resistor 10,000 ohms 2% & e

R7 Screen dropping resistor) 10,000 ohms 10% 11 Tyne T

RY Dscoupling Ros)

RL3 . S )

RS inode load A 22,000 ohms L0% i Tepe T

Ril Oscillator ridleak " ) 47,000 ohms 10% 11 Tvpe T

R18 trode dscoupler ey

RL8 " load roi g

R22 " decoupler B

R14 Screon dropping " 1.5 mep ohms 10% 11 . Tye'd

R5, R17 Gridleek resistor Rie " " 10% 11 Tvve T

R25 L.T. Hetering " 30,000 ohus 2% 6 bt 61

R24 V.l b # 36,000 ohms 2% 6 Dce

R2, R4 Einode Load ! 0.1 meg. ohms 2% 6 e

R15 Anode load % ) Q.47 mer, ohms 2% 6 P

r3 Screen drovping " )

P29 Feedback )

R3O0 Feodbask rasistor 1 meg., ohm 1% 11 Type T

R26 H.T. etsring rasistor 3 meg. ohms 2% 6 ncF

c9 Oscillater Grid Cepecitor 2,200 pF 20% STH310

¢12 » Tuning " 0.,002mF, 350% 1075 4 £

c7 : Bypass L 0,005 mF, 35CV 10% 4 Py

c8 Feedbeck ") ©.0lL mF, 350V 10% 4 P

¢1s De-emphesis w)

€2,C4,C15 Coupling i 0.02nF, 350V 10% 4 > 03

1l Bypass ") 0.05 mP, 380V 10% 4 P

13

Coupling v
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Circuit Dzscription Value Tolar- Supnlier Suppliers
No. ance. fode Tvpe Yc.

c3 Screen bypass Capaciter) 0.1 wF, 350V 10% 4 pg i

Cl4 Coupling e ) 201 mP, 150V 10% 6 1B50C

cé ; " 1,0 mF 10% 4 CPa1N

¢5,C10, Bypass Cepecitor ) § mF, 525V 20% 5 ETZD

o7, 018 )

C19 Feadback " 400 pF 10% 5 s/
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LPPENDIX 2.

Fenerel Notes on the Cupstan and Flywhesl.

The capston and [lywheel assembly is mounted on self alicning
bsll bearings in = east cluminium housing. It i3 ubsolutely esaentlel
thet the capstan and flywhecl revolve with complete freedom,  4s a check
on correct operation, the flywheel should toke at least 25-30 seconds to
come to rest after switching off the recorder.

In the event of trouble with this gssembly, it is sirongly
recommeénded thut a replacement unit be cbtained and the feulty one
returned for repair, Due to the egxtreme accuracy raquired, each capsian
is precision groind ir its own bearings snd it is therefore not recommendsd
to change the bsarings. L new shaft anssembly must be fitted complete
with bsarings. Occasionclly ths cepstan should be carefully wiped clenr
with 2 rag demped in petrol und o smeear of oil spplied with the finger tip
to prevent rust ferming cn the surface, On no account use coarse
abrasives such 28 emery poper.

The governor disc {H3 - Drawing No. 2.5105) should be left
unlubricated but = few drops of kerocene may be upplied occesionelly if
erratic operaztion of the governor is noticed, The governer ped ring
(H4) is fitted with lecther pads speced at 180° to give a belunced acticn.

% is unlikely thet the peds will need attention but the ring should be
quite free to move on its pivot screws. Do not tighten these up,
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The Development of a Miniature Battery-Operated
Tape Recorder

W. R. Nicholast, A. D. Hildyard}

Summary

The widespread use of magnetic recording in the production of
broadcast programmes has produced a demand for a small self
contained battery-operated tape recorder. The general requirements
for such a recorder are discussed, followed by an outline of the de-
velopment of both the mechanical and electrical design of a suitable
machine.

1. Introduction

The production of high quality tape recordings is gener-
ally effected by mains operated equipment of either port-
able or stationary design. It is frequently found that in
the sphere of broadcasting in particular a light weight
battery-operated recorder will find many uses for short
duration recordings of interviews, sound effects, etc.
With these thoughts in mind it was decided to attempt
to develop a suitable machine which would comply with
the requirements as closely as possible.

As the proposed recorder was to be used primarily for
broadcasting the specification naturally fell into the pro-
fessional class, and it was soon realised that some of the
requirements would be difficult to achieve and that some
compromises would be inevitable.

2. Mechanical Design

Before proceeding with any design details the require-
ments were listed in the form of a specification which had
to be met as closely as possible. The following was con-
sidered to be a suitable mechanical specification,

*Presented at the 1.R.E. Convention, Mclbourne, Vietoria, May
1955.

tChief Mechanical Engineer, Commonwealth Electronics Pty.
Ltd., Hobart, Tasmania.

tAssistant Engineer, Commonwealth Electronics Pty. Ltd,,
Hobart, Tasmania.

Manuscript received by the Institution 26/4/55.

U.D.C. number 621,395.625.3.

November, 1956

(1) Tape speed 74 inches per second full track recording.

(2) Total playing time 15 minutes.

(3) Playing time per wind of spring motor not less than
6 minutes.

(4) Spool size 5 inch holding 600 feet.

(5) Wow and flutter not to exceed 0.35 per cent rms
total.

(6) Weight not to exceed 20 lbs complete with batteries.

(7) High speed rewind.

(8) Robust construction.

In the design it was decided to make the tape drive
mechanism the starting point, and a decision had to be
made between a purely mechanical system using a spring
motor or an electro-mechanical system using an electric
motor and suitable governor. As it was considered
essential to keep battery replacement costs low, it was
decided to utilise a spring motor in the form of the highly
developed double spring phonograph motor as used for
many years in acoustic phonographs.

The next step was to design a suitable method of coupling
the motor to the capstan and take-up assembly. The
first system made up followed conventional practice as
shown in Fig. 1. The capstan “ A ™ was fitted directly
to the original turntable spindle, it was therefore necessary
to choose a capstan diameter to provide the correct tape
speed of 7§ inches per second when revolving at the de-
signed speed of 78 rpm.

The capstan diameter was calculated from the following
formula

= _’Ii X ____.__1 l
~ Rps © 3142 (b
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where
D = capstan diameter in inches
TN = tape speed in inches per second
RPS = capstan speed in revolutions per second
7.5 x 60 :
D == = 1.836 inches.

78 x 3.142
This looked good so far, a capstan diameter approaching

two inches indicated no trouble with machining or with
tape slip.

o 4

// \\ //""\\

) [ \

O Ny B
T e
At - s SR

. > |

\ X {

\

H
A

Figure 1.-—Original tape driving system. A, capstan ; B, take-up
spool ; O, slipping clutch ; D, head assembly ; K, supply spool ;
I, tensioning device s (f, tape . H, pinch roller.

The take-up spool = B ™ was driven by means of a belt
and slipping clutch from a pulley mounted integral with
the capstan. The head assembly “ D’ was mounted
between the capstan and the supply spool “E " and a
constant tensioning device was fitted at “ F ' to provide
approximately constant tape tension throughout the entire
spool. A normal pinch roller “H” was used to apply
the tape “ G to the capstan.

This system was put on test and the following troubles
were experienced.

(1) Flutter from the governor drive gear was very bad

at approximately 90 c/s.

(2) Variations of friction in the take-up cluteh reacted
on the motor governors thus causing random low
frequency wow.

(3) When the take-up -cluteh was set tightly enongh
to spool the tape satisfactorily the playing time
per wind was - reduced to around 3 minutes.

Before proceeding further with practical efforts to reduce
the wow and flutter some brief references were made to
the theory of flywheels.

It was known that the performance of the spring motor
was very satisfactory when playing records as the flywheel
effect of the 12 inch steel turntable plus the record was

_ sufficient to filter out the gear flutter and to store sufficient
energy to eliminate low frequency wow due to variations
of the needle drag on the record. It was felt that a some-
what similar amount of stored energy would be required
to filter out the variations of tape tension which would be
expected to occur.

The kinetic energy of a flywheel may be calculated from
the following

368 Proceedings of the I.R.E. Australia

Kinetic Energy = 1 Iw? (2)
where @ = speed in radians per second
I = moment of inertia
moment. of inertia of a wheel 1 MR* (3)
Where M - mass
R = radius.

From (2) and (3) it will be seen that the kinetic energy
of the flywhecl varies directly as the square of the rotational
speed and as the square of the radius of the wheel.

As the recorder had to be of small dimensions it was not
possible to accommmodate a fywheel of a size approaching:
that ot the original turntable so it was decided to instal
a wheel of 5 inches diameter fitted with a large section
rim to make up as far as possible the loss of kinetie energy
due to the reduction of flywheel radius.

The installation of this wheel brought about a partial
cure for the troubles but at the expense of a considerable
increase in the weight of the complete recorder. The work
was carried a stage further by the installation of a mec.
hanical filter consisting of a neoprene coupling between
the motor shaft and the flywheel ‘capstan assembly.  The
gear flutter was now completely cured, but it was found
that the low frequency wow was still present in sufficient
quantity to prevent satisfactory recording of music or
certain sound effects, In addition it was found that the
recorder could not be moved appreciably during recording
without the inertia of the heavy flywheel reacting on the
motor governors and  causing violent speed  variations

Further difficulties were encountered with the manual
tape rewind mechanism which had to engage with the
appropriate spool, release the pressure rvoller from the
capstan and release the cluteh tension on the take-up spool
The provision of all these mechanical functions proved
to be somewhat complicated and expensive, and added
considerable weight.

Progress so far indicated that further development along
these lines was not justified, and an alternative tape drive
system was worked out and made up for test.

The work done so far plainly showed the need for a
flvwheel which would store sufficient energy without being
large and heavy.  Further reference to equations (2) and
(3) provided the answer, by increasing the rotational Spooil
ol the flywheel the stored energy could be greatly increased
and the physical size and weight correspondingly reduced,
with the added advantage that the machine would be less
sensitive to external movements,

The next step was to evolve some means of revolving the
flywheel at a high speed without the introduction of ad.
ditional gearing to cause losses and flutter troubles. This
was achieved by a complete reversal of normal practice
in that the tape was made to drive the capstan instead of
the latter driving the tape as in normal practice.

The operation of the system was very simple (Fig. 2);
the take-up spool *“ A * was driven via a belt from a pulley
on the motor spindle ““ C,”” thus placing a tension in the
tape *“ G 7 which is held against the capstan “ E” by the
pinch roller *“ I " thus causing the capstan to revolve at a
speed determined by the governor and flywheel to which
it was directly coupled.  The record and playback head
assembly was now situated at DY

November, 1956
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A study of the system showed it to possess several

advantages over the original system as follows

(1) Small flywheel revolving at 1000 rpm ; advantages
already explained.

(2) Full torque of motor was available to wind tape on
take-up spool. This completely eliminated loose
spooling and spilling of tape.

(3) No slipping clutch needed.

(4) Section of tape between take-up spool and capstan
carried ample tension at all times to provide good
head contact without recourse to additional tension-
ing devices which would cause further losses and a
consequent loss of playving time.

(5) High speed forward motion of the tape was instantly
available by releasing the pressure roller from the
capstan and high speed rewind by unthreading and

changing the spools over.,

L

Figure 2.—Modified tape driving system. A, take-up spool : 13,
supply spool ; €, motor spindle ; D, head assembly: 15, capstan ;
Iy pinch roller ; O, tupe.

The latter point was considered to be a definite draw-
back but of less evil than the complication and expense
of a separate manual rewind system. [t was also felt that
most ' on the spot ” recordings for broadcasts would be
taken back to the studio for rewind and editing if required.

In the practical application of the idea the first point
to be decided was the rotational speed of the capstan
assembly, the object being to utilise the original governors
from the spring motor which were designed to run at
1300 rpm. Calculation from equation (1) showed that the
capstan diameter for this speed to be inconveniently small
and the problem of machining such a capstan to the re-
quired standard of accuracy to be too difficult. A com-
promise was made for a speed of 1000 rpm giving a capstan
diameter of 0.143 inches still rather small but within reason.

It was realised from the start that friction in the capstan
bearings would be a problem, and this proved to be the
case,  Ball races were absolutely essential, and careful
selection and fitting of the races was necessary.

Difficulty was also experienced with tape slip on the
small capstan and quite high pinch roller pressures had
to be used. It was also found that considerable losses
occurred in the pinch roller tyre and some form of servo
mechanism appeared desirable, arranged in such a way
that the pinch roller pressure was controlled by the tape

November, 1956

tension itself. In this way the pressure could be made high
when the tape tension was high such as occurred when the
motor was fully wound and the take-up spool empty,
similarly the pressure would be low when the tape tension
was low.

Figure 3.—Mechanism for providing pinch roller pressure proportional
to tape tension. A, pinch roller; B, piwvot; C, guide roller; D,
take-up spool ; E, tape; F, capstan.

Fig. 3 illustrates one suitable servo arrangement where
the pinch roller ** A ” is carried on one end of an arm pivoted
at * B, a guide roller *“ C” is mounted at the other end
of the arm and the tape *° E ”’ passes over this as it comes
from the take-up spool “ D.” The capstan is at “F.”

Another arrangement is shown in Fig. 4 in which the
pinch roller “ A" is allowed to float between the idler
roller ** B " and the capstan *“ C.”” The tape * E,” guide
roller ** F 7 and take-up spool *“ D being arranged as in
normal practice. Operation of this system depends on
the tape tension wedging the pinch roller between the
capstan and idler roller.

K¢

Figure 4.—An alternative mechanism making pinch roller pressure
proportional to tape tension. A, pinch roller ; B, idler roller; C,
capstan ; D, take-up spool ; I, tape ; I', quide roller.

Proceedings of the I.R.E. Australia 369
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After fitting the arrangement shown in Fig. 3 the mec-
hanical losses of the tape mechanism were quite low and a
playmg time of 7-8 minutes could be had per wind of the
spring motor. \ome tests made on the prototype showed
results satisfactory for the class of work for which the
machine was intended, the rms total of wow and flutter
was around 0.3 per cent and the long term speed variation
better than + or — 2 per cent.

Some form of indication of the necessity to rewind the
motor before the speed dropped was found desirable and
a great deal of thought was put into this before a successful
system was evolved. Several methods of indication were
possible, both visual and aural, and it was decided that an
aural warning in the form of a ““ buzz " in the monitoring
headphone would be the better.

The mechanical portion of the system was operated
from the torque of the main spring in the following manner.
The main drive pinion bearing of the motor was removed
from the motor frame and fitted to a pivoted lever which
was allowed a very small movement (insufticient to upset
the meshing of the gears), the lever was then spring loaded
and arranged to operate a microswitch when the main
spring torque dropped below that required to balance
the spring tension on the lever.’

The final mechanical design of the recorder consisted of
details such as layout, position of controls, ete. The more
.important controls such as ** start stop ”’ lever, gain, wind-
ing handle were located in the ends of the machine to allow
operation with the lid closed.

Fig. 5 will make clear the layout where the spool hubs
are shown at “ A, tape guide rollers at ** B,” the capstan

t “C,” pinch roller at ““ D,” heads at ““ E,” record /play
and meter switches at *“ F,” amplifier gain, start stop lever,
microphone and headphone sockets at ““ G,”” microphone
compartment at level indicator at “ I and the
winding handle on the end of the case at “J.” The
batteries were mounted on a removable panel in the bottom
of the case. A removable lid with an observation panel
was provided to cover the tape deck.

A Miniature Battery-Orerated Taype Recorder

Due to the necessity for accurate alignment of the heads
etc., it was decided to use an aluminium casting for the
deck assembly. suitable brackets being provided to support
the amplificrs, cte., as sub assemblies. The complete
assembly was then arranged to fit into a light plastic covered
plywood carrying case fitted with carrying handle and
webbing shoulder strap for use when making recordings
while standing or walking.

To sum up the mechanical features it was felt that a
design had been evolved, which was simple, reliable, light
in weight, cheap to produce, and capable of satisfactory
performance in the field for which it was intended.

3. Electrical Design

The electrical design was taken as a completely separate
problem and the requirements for this section were set
down as for the mechanical section. The following was
considered to be a suitable electrical specification :

(1) Frequency response 50-7000 ¢/s + or — 2 db when

replayed on typical professional studio recorder.
(2) Distortion not to exceed 3 per cent at 1000 ¢/s at
full recording level when replayed as in (a).

(3) Signal to noise ratio not less than 40 db below full
recording level measured at 1000 ¢/s when replayed
as in (b).

(4) HEF ecrasure.

(5) Sufficient gain to allow operation from 50 ohm high

quality microphone at —70 dbm.

(6) Separate replay head and amplifier to allow moni-

toring from tape while recording.

(7) Aural warning for motor rewind.

(8) HT voltage not to exceed 135 volts, LT 1.5 volts.

(9) Battery drain not to exceed 12 ma HT and 450 ma

LT.
(10) Preferred tube types.
(11) Good accessibility to components.
(12) Level indicator and battery test.

In making a tentative design for the amplifier it was
thought best to follow common practice in mains operated

N\ \

o B

R

-\\C@@@
s

e

Figure 5.—Final layout.
C, capstan ;
meter switches ; G, controls ;

indicator ; J, winding handle.
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A, spool hubs; B, tape quide rollers ;
D, pinch roller ; E, head assembly ; F, record-play and
H, microphone compartment ;

I, level
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recorders whereby the high frequency equalisation was
obtained from a tuned circuit in the plate load of the first
stage of a three stage amplifier. The recording head was
to be fed via a constant current resistor from the pentode
output stage, inverse feedback to be applied over the last
stage.

This amplifier was made up for test, tapes were recorded
and checked against calibrated test tapes, it being found
comparatively easy to meet the frequency response and
distortion requirements. However the signal to noise
ratio was poor owing to microphony of the first and sccond
stages. Shock mount type sockets were fitted and this
trouble cleared up, the signal to noise ratio then being
around —43 db. The gain of the amplifier was insufficient
due to the combined losses of the equaliser and feedback
network. The amplificr in this form was rather com-
plicated, containing the equaliser tuned circuit, feedback
loop components and a bias trap circuit in the record head
coupling circuit.

During these experiments earlier fears about the power
requirements of the bias oscillator were borne out, it was
found necessary to use 180 volts of HT and a drain of
around 15 ma to provide adequate HF bias for a normal
mu metal recording head and high coercivity tape.

Before going further with the project it was decided to
investigate the use of the ferrite materials as a core material
for the record head, and some experimental hecads were
made up. Great difficulty was found in lapping and
assembling the heads, but finally these troubles were
overcome and more tests were made on the recorder,

The results as far as efficiency at the bias frequency was
concerned, werce quite surprising, as the optimum  bias
could now be obtained with an oscillator input of 90 volts
at 3.5 ma. The results were quite similar in other respects
to the mu metal head except that the high frequency
recording losses (above 5 kec/s) were somewhat greater
due to a less perfect gap edge than that on the mu metal
head ; however, by adjusting the equalising circuit the
specification could be met.

During the research work on the record head consider-
able time was saved by establishing the relationship be-
tween the impedance Z and the number of turns T. The
relationship was found to be approximately Z — T?/100
at the highest recorded frequency of 8 ke/s. A constant
current resistor of five times the head impedance at 8 ke/s
was chosen and the value of the resistor made to equal the
proper load resistance for the 3V4 tube. This ensured that
the tube was operating into its correct load at the lowest
frequency, where the head impedance dropped to a low
value.

It was alse found that due to the decreased losses of the
ferrite cores at high frequencies the head windings showed
higher value of  and could be tuned quite sharply at both
the bias frequency and high audio frequencies. This led
to an investigation on the possibility of obtaining the
necessary high frequency equalisation by resonating the
record head at the highest recorded frequency of 8 ke/s.

November, 1956
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A new amplifier was designed with this idea in view using
preferred type tubes in the 1.4 volt series. A 185 pentode in
the first stage was resistance capacity coupled to a similar
tube as a triode in the second stage, the latter also re-
sistance capacity coupled to the last stage using a type
3V4,

Fig. 6 is a schematic of the head coupling system. The
output stage \'; has a conventional plate load resistor R,
and coupling condenser C,. Audio is fed to the record
head RH via the constant current resistor R,. The num-
ber of turns on the secondary of the oscillator coil L, was
chosen to provide a little over the optimum bias required,
final adjustment being obtained by varying the oscillator
H'T voltage.

The condenser C, serves the dual purpose of bringing the
junction of the constant current resistor R, and the record
head to ground potential at the bias frequency of 50 ke/s,
thus preventing the 50 ke/s component from appearing
at the anode of V. The value of C, was chosen to resonate
the record head plus the oscillator coil secondary at the
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highest recorded frequency of 8 ke¢/s. Due to the com-
paratively high Q of the record head and oscillator coil com-
bination quite a spectacular rise in head current wasachieved
at resonance and the equalisation so gained was not at the
expense of amplifier gain as in the first system tried.
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Figure 6.— Record head coupling circuit.

In order to provide some control of the degree of equalisa.
tion a feedback resistor R, was added from the anode of
V3 to the anode of the second stage, this was found to give
excellent control of the resonant peak at 8 kec/s. The
oscillator V; was designed as a conventional Hartley circuit
also using a 3V4 tube the various values being selected
to give a good bias wave form.

As mentioned previously, a separate playback head and
amplifier were provided, the amplifier consisting of a pen.
tode connected 185 resistance capacity coupled to a second
IS5 as a triode feeding the monitoring headphone. This
amplifier also provided the * buzz ™ for the rewind in-.
dication, positive feedback being applied to the screen
of the first stage via the microswitch operated from the
main spring as described earlier in the mechanical section.

A small 0-100 microamp meter was provided to read
recording level and HT and LT battery voltages, the
various functions being selected by a rotary switch on the
tape deck. The recording amplifier and bias oscillator
was designed as one subassembly and the monitoring am.
plifier as another, both units being screwed to the side of
the aluminium tape-deck casting in such a position that
all components were accessible when the recorder was
withdrawn from the case.




COMMONVWEALTH ELECTRONICS PTY. LTD.

present a Professional

Miniature BATTERY TAPE RECORDER

FTHE TYPE-CEB.

CHECK. THESE FEATUIRES | . .

Size 13} X 81" X 81" H (inc. all accessories)
Weight 25 Ibs. (inc. all accessories.)

Exclusive Ferroxcube heads with Azimuth Adjustments.
Separate Recording & Monitoring/Playback Channels.
Spring Motor Drive with 6 min. Running Time.
Motor Rewind Alarm. :

Combined Recording Level Meter & Multimeter.
Stroboscopic Speed Check.

High-Speed Tape Rewind.

Operates in any Position.

Battery Complement, one type 490P, two type 701.

COMPLETE FOR INSTANT
QPERATION

%6 b X b b b Ok X %

CHECK THIS PERFORMANCE . . .

Battery Life 50 hours, Intermittent Operation.
Frequency Response— -i- 2 db, 50 to 7000 c.p.s.
Distortion 1000 c.p.s.— Better than 39

Signal to Noise Ratio— Better than 40 db.

* O % Ot

FOR FURTHER DETAILS WRITE TO—
BOX 1647 G.P.O. SYDNEY, N.S.W.

COMMONWEALTH ELECTRONICS PTY. LTD.

fQUIPPED WITH STURDY N.S.W.: JAMES ST., BAULKHAM HILLS.
! SPRING MOTOR. TAS.: DERWENT PARK ANNEXE, HOBART.
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Aiis vl TAPE RECORDER
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%x SELECTED FOR USE AT THE OLYMPIC GAMES, MELBOURNE, 1356
- 7‘

R MEN e

THE CHOICE OF THE NATIONAL BROADCASTING SERVICES, COMMERCIAL

BROADCASTING STATIONS, AND OVERSEAS ADMINISTRATIONS.

FEATURES:

® Size, 14" x 81" x 8)” H. @ Weight, 25 Ibs. (including Batteries) @ Exclusive
Ferroxcube Recording Head with Azimuth adjustment. ® Separate record-
ing and monitoring channels. @ Loudspeaker playback channel. @ Spring
motor drive. ® Operates from Studio type moving coil microphone.
® Records while rewinding ® Combined recording level meter and multi-
meter. @ Stroboscopic speed check. @ High speed tape rewind. @ Battery
complement, one type 742 L.T. Two type 467 H.T.

PERFORMANCE :

@ Battery life, 50 hours (app.). (Intermittent operation). @ Tape speed, 74"
per second. ® Frequency response, - 2 db 100 to 7000 c.p.s. @ Signal
to noise ratio, better than 40 db. ® Total WOW & flutter, less than 0-35%.

FOR FURTHER DETAILS, WRITE TO:

BOX 1647, G.P.O., SYDNEY, N.S.W.
Commonwealth Electronics Pty. Ltd.

N.S.W. -
TASMANIA

- -  JAMES STREET, BAULKHAM HILLS
- DERWENT PARK ANNEXE, HOBART

BY COMMONWEALTH
ELECTRONICS PTY. LTD.

® © © © © & & © & © o o & o o

e MINIATURE PORTABLE
e BATTERY OPERATED
e TYPE G.EB.

EQUIPPED WITH STURDY 2 SPRING
DRIVE MOTOR
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