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TYPE TWI2A AND TWIZ2B RY3

Date of Deslgn:- 1935,

Prangmitter TWI2 and its associated recelver 394E are commercial sets which have been
adopted for Naval use in small craft., Type TWI2A consists of transmitter TW12 and receiver 394E,
the supplies for which are obtained from rotary converters driven from the ship's 12 volt D.C.
supply, This set 1s fitted in motor torpedo boais, motor M/5 boats; etc.

Type TWi2B consists of transmitter TWI2, receiver 394E and Naval receiver outfit CSB
(see page C19). This is fitted Iin A/3, M/S trawlers, etc,, and obtains its supplies as follows:-

Transmitter H,T. from rotary converter driven by 38 wolt battery.

Transmitter filament from 12 volt battery.

Recelvers H,T, from 144 volt battery.

Recelysrs filament from 2 volt battery.

Transmitting Set.

Freguency range:- H/F 375-500 ke¢fs.
1/F 1200 = 3000 ke¢je (seven pre-selected frequencies),
Valves usedi- One NT39 (main valve),
Twao NT40 (master and modulator valves),
Fower Supply:- H.T, from rotary converter 1500 volts.
Filament Supply:-~ TWi2A, Shipis 12 volt D,C, mains,
TW12B, 12 wvolt battery, pattern 5503 cells.
Agsociated Wavemeter:- G9 (see page GAll).
Approximate range in miles:- M/F 200 miles.
i/F Variable up to about 1000 miles,

Wave forms- CHap, M.CuW. and RIT.

{Note:~ S8ince this is a commercial set and the markings on {t do not conform With Service
nomenclature, the term "I/F" has been used to denote the higher freguency range, which is
actually contained In the Service M/F band,)

POWER SUPPLY
D,C. Input Supply.
Type TWiZ2A (see figure b). Power supply to the rotary converter (60) Is obtained from the ship's
12 volt mains via the main supply switch (81), 25 emp fuses (62) and a hand starter (63).
Type TWi12B (see figure a), Power supply to the rotary converter ({64) 1s obtained from A& 36 vOlt
battery (65) consisting of pattern 6038A cells, vla a cherge-discharge switch (66), 15 amp fuse
{87) and a hand starter, Two 20 volt 16 c,p. Indlecating lamps (69) in series are connected in
parallel with the armature of the rotary converter (64); they glow when the starter 1s movad and
reach full brilliancy when the machine is running at full speed, This effect is due to the effec~
tive resistance of the armature [ncreasing as the converter gathers speed, A second starter (70)
{5 fitved in the remote control positiop and is connected in parallel with the W/T office starter.
H,T, Supply.
Types TWi2A and B. The 1500 volt output from the rotary converter is connected through a smoothing
unit (71) to two points of a four polnt power pilug (72) on'the side of the transmitter, The plug
and the cover of the smoothing unit should mot be removed while the machine is running.
L.T. Supply.
Type TWi2A, The filament supply to the transmitting valves is obtained direect from the ship's
12 volt malns, and 1s connected to the H,T, and L.T. power piug (72) through 10 amp fuses (10).
A single pole tumbler switeh (75), fltted on the operatoris bench, breaks the positive filament
supply.
Type TWi2B, The filament supply is obtained from a 12 volt patvery (76) congisting of pattern
5503 cells, via a charge-discharge switch (77} and a single pole tumbler switeh (78). The latter
is fritted on the operatoris bench and breaks the pogitive [ilament supply. A door switeh (79) on
the microphone sontrol box in the remote control position is wired in parallel with switch (78) and
completes the supply when the deor ls opened, This Is indicated to the operator In the W/T office
by twe 20 volt lamps (80) wired in parallel across the L,T. supply.

The filament of the maln transmitting valye (1) is fed in parallel with the filaments of
the master oscillator valve (2) and modulater valve (3) which are in serles. A resistance {14) of
approximately 1 ohm fs connected in seriss with the two latter valves. Final adjustment of Lhe
filament voltage of all valyes is provided by the filament rheostat (15), A voltmeter (42) and
change-over switch (43) enable the voltage of either the maln or master valve to be read.

The L.T. supply alse provides current for the keying eircuit and, when usiag R/T, for the
microphone cireult.

Baitery Charging Circuits (see fig. 8).

In type TW12B, the 36 and 12 volt batteries are charged from the shipfs 110 velt mains
via charge-discharge switches (668)(77), fuses (87)(88) and charging resistances (83)(84). The
charging rate is controlled for mormal and maximum charge, by the tumbler switches (B5)(86) and
indieated by ammeters (81)(82).




RY4 MASTER OSCILLATOR CIRCUITS

SIMPLIFIED DIAGRAMS
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TYPE TWI2A AND TWI2B RY5
OSCILLATORY CIRCUITS

Reference:- Admiralty Handbook of W/T (1938) Para. K39.

Method of Nature of Circult| Grid Excitation Feed High
Wave | producing serfial 0scillating
SR Oscillations, | Haster.| Hain., | Master, Main. |Master,| Main, [Xcitation ggﬁ:gﬁéﬁﬁ
C.W Haster Tuned |Tuned Direct Inductive [Serles |Parallel| Direct Anode
f.C.W.| Controlled |circult |circult (Inductive |from Inductive
or between |bectween master
R/T anode anode & circult.
and grid|filament

The transmitting circuit consists of a master oscillator clrcult capacity coupled to a single valve
amplifying atage. A modulator circult can be capacity coupled to the grid clrcult of the maln
transmitting valve (1).

Fig. 1 Is a diagram of the complets transmittling clreults.

Fla.e | Fia.§.

Master Circuit, On the M/F band (see fig, ¢) the circult consists of the M/F tuning coil (4) and
a 0.00039 LF variable condenser (8) in parallel with a 0,0003 LF fixed condenser (9)., Both the
I/F tuning coils (5)(6) are short circuited,

On the [/F band (see fig, d) the circult consists of the two I/F tuning colls (5)(6) in
series, tuned by the variable condenser (8), Both the H/F tuning coil (4) and fixed condenser (9)
are short circulted, :

Change over from the M/F band to the I/F band is effected by two contacts of the 5 pole
frequency band C.0,8. (7). .

The anode of the master valve (2) 1s connected direct to one &nd of the tuning coil, the
grid of the valve being connected thirough a 30 chm anti-parasitic resistance (12) and a grid condenser
(10) to a tapping on the I/F tuning coll (6), When on the M/F band, this may be considered as being
connected to the end of the M/F tuning coil (4) as the I/F coil is then short-circuited. A 30,000
ohm grid leak resistance (11) ts connected to L.T. negative, The H.T. supply is fed to the centre
of the tuning colls, through two resistances (44)(46) of 300 and 30,000 chms respectively. A
0,0002 /(.F condenger (45) is fitted in parallel with resistance (44) and a 1 (L F condenser (47) is
connected to sarth from a8 point between the two resistances as a R/F earth., Resistance (44) serves
to dﬂmp out oscillacions tending to unbalance the neutralizing circuit (see fig, 1), Since these
oscillations are more prevalent on low frequenclies, the Impedance is made to increase with
decreasing frequency, by shunting the resigtance with condenser (45).
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SIMPLIFIED DIAGRAMS
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TYPE TWI2ZA AND TWI2B RY7

HMain Circult (ses flgs. g & h). The output from the master circuit Is coupled to the main wvalve
(1) through the grid condenser (168), A B000 ohm grid leak (17) is conneected in series with a 5000
ohm resistance (18) to provide negative grid blas, A link {19) 18 provided to allow the insertien
of a milliammeter to measure grid curraent when neutralizing with eondsnser (36)., The anode of the
valve Is connected through the anode bloskimg condenser (28) and, according to the positiom of one
contact of the freguency band C,0.8. (7), to efther the variable annde tap (34) on the I/F amerial
coll (28) or the fixed anods tap on the M/F aerial tuning variometer (26)., The low potential end
of the I/F aesrifal coil is connected to sarth through the asrfal ammeter (93), The low potential
end of the M/F variometer is connected via 8 contact of the switch (7) to the end of the I/F
aerlal coil, When the switch (7) ia In the I/F positien 1t short cireuits the M/F wvarifometer,

The serfal ig connected to the main elreuit by one contact of the magnstie key (37) whiel
operates as a send-receive switeh, and by one contact of the fregquency band C,0.8. (7). When this
15 to H/F the merial 1g connected direct to the M/F varlometer, When it Is te I/F the aerial ig
connected through the aerial tuning condenger (29) te a variable tap (27) on the I/F asrial coil,

The H.T., supply for the main valve ls fed through the anode ammeter (30) with its R/F
by~-pass condenser (1) and the two anode chokes (32)(33). A link (34) is provided to enable the
H.T, supply to be broken when neutralizing. A R/F earth is provided via a 1 /. F condenser from a
pelnt betwesn ths two anode chokes.

MODULATOR CIRCUITS SIMFLIFIED DIAGRAMS

-0 HT.+

M.C.W.

L A
13

39

40

ARAAA
VYYY

LY.~

0 LT+

Fig.L.

O HT+

- ‘G‘ |

j, A L oLTH
15
Fm.(jf

todulator Cireult. The choice of modulation is controlled by the C,W,-M.C,W.-R/T switeh (23), Ths
funetions of the circult In the warious positions of the switch are as follows:-

LM, The apode elrcult of the modulator valve (3) Is disconnected and the microphone cireuit is
disconneeted from the L,T. positive supply. The modulator valve will continue to burm at full
briltiiancy.

M.,C.H, (8ee fig, 1). Hodulation of the transmitted frequency is by the grid control method (ses
Admiralty Handbook of W/T (1938) Para, N23), The switch (23) connects a 0,01 LF condenser (41)

in parailel with the grid primary of thes modulator transformer (22), This transformer has




RY8 TYPE TWI2A AND TWI2B

three windings, The H,T. suappiy to the modulator valve is fed through the anode secondary of the
tranaformer and a 30,000 ohms resisctance (21); the windimgs of the two secondaries are of auch a
value that a 1000 cycle note 1s produced. The output is resistance capacity coupled to the grid
of the main valve (1) through the resistance (21), 0,5 AF coupling condenser (20) and grid
resistvance (i7).

RfT. (8ee rig. j). The modulator valve (3) is used in conjunction with the modulator transformer
(32) as a microphone amplifier. When switch (23) 1s set to R/T, the H.T. supply ls fed to the
modulator valve through & 30,000 ohm resistance (2i), and the microphone (53) ls connecied in
series with the primary winding of the modulation transformer (22) across the filament supply to
the valve (3)., The spaech frequency current variations from the microphone circuit are applied
via the modulation transformer (22) between grid and filament of the walve, the amplified outpud
from which is reslstance capacity coupled to the grid of the main valve (1) through the reslstance
(22) and coupling condenser (20), A 100,000 ochm resistance (38) is connected Iin parailel with the
grid sescondary winding of the modulator transformer to ensure the stabllity of the modulator
cireuit, The greid of the modulator valve ls connected to L.T. negative through a 300 ohm grid
blas resistance (40), Since R/T was Bdded after the initial design of the set, the microphone is
fed ip parallel wich the filament of the modulator walve, As the latter is in serles with the
master valve fllament, it folilows that current varistions due to speech pass through this

fllament giving rise to distortion.

SIGNALLING

The transmitter 13 keyed by & magnetic key {37): ths opaal ing bobbia of vhe Ley 1s
snergised from the L.T. suppl# and contrelled by a Morse key {89) or by a finger switch (62)(91)
fitted on the microphone (mecpnone) handset. The microphons tinger awiteh is connected in paralial
with the morse key when the microphone seven point plug (51) and sockst connectlion (49) 1s made.

The positive L.T. supply to the magnetic key (37) lg fed through two spring contacts (48)
in the "8pot frequency’ switch (s=e fig. k). This switeh 1s uzed only on I/F and is operated by
one of seven "cam atops® marked FAY to TG® And arrangsed vound the edge of & cliroular plate (94)
mountsd on the spindls of the master tuning condensar (8). These ¢am stops can be sev Lo any
position on the circumference of the plate corresponding te any gelected condenser reading and
consequently to any ssleected freguency. When the master tuning condenser ls set to any of pogitions
ag" po MGE for one of the seven 9spot freguenclss™, the peint on the plats te which the appropriate
wgam stopt has bsen adjmsted is upparmost, and the spring-fingers (48) are closed. Transmlssion of
the [/F band can thus only taks place on a pre=gelected fraquency &s, in any intermediate position
of the master condenser, tha spring fingers ars opens 0On M/F the [ingers ars permanenily closed by
the mechanieal action of the frequency band C.0.5. (7) as theres is no ¥spot frequency” tuning or ths
M/F band,

The magnetic key (87) has three contacts, one of which operates as a send-receive switch
to enable 1istening through to be carriz: out (except on R/T), while the other twa key the
transpltter. When Lhey maka, they complete the grid-filament circuit of the main valve (1) and
conneét H.T., negative to L,T, negative through the 300 ohm blas resistance (40) br short-eireuiting

the key condenser (13) and resistance (39).

®
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REMOTE CONTROL CIRCUITS
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REMOTE CONTROL CIRCUITS
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RYI2 TYPE TWI2A AND TWIZ2B

Tuning, A list of typlcal adjustments is supplied with each transmitter by the manufaciurers but
tuning should be carried out on first {nstallation end subsequently &s necessary. The procedura Is
as follows:- .
ELEL. (1) Switeh on the transmitter and set It to WC,W.T,
(2) Bet the frequency band C,0,8, (7) to I/F.
(3) Black back the nui gecuring the dpot frequency eam gelected and set the cam groove so
&8 vo close the spring-fingers (48).
(4) Press the key and tuns the masfer clrcuit %o the wavemeter by means of the master
tuning condenser (8).
{5) Adjust the I/F aertal tapping switech (27) until a decrease In anode current is observed
in the millfammecer (30).
{6) Tune the aerial circuit for minimum anode current by means of the [/F asrial tuping
condenser (29).
(7) Adjust the I/F anode tapping point switch (24) to give maximum merial current.
(8) Hake the final adjustments to the mester tuning condemser (8) and the I/F serial tuning
condenser (29).
(9) Finally, vighten up the nut securing the spot frequency cam stop,
The above procedure should be ecarried out for each of the seven selecisd "Spot frequencies" and the .,
cam stops adjusted accordingly. .
M/F. (1) Bwitch on the transmitter and set It to "C,W.¥,
(2) Bet the freguency band C,0.,5. (7) ©o H/F.
(3) Preass the key and tune the master cireuit to the wavemeter by means of the master tuning

condenser (8).
(4) Tune the M/F aerial circuit by adjusting the M/F aerial variometer (26) for a minimum .
anode current and maximum asrial ceurrent.
(6) Make final adjustments Lo the master tuning condenser (8) and aerial variometer (28).
Heutralising. The adjustment of the neutrallsing condenser (56) I{s made before the transmitter
leaves the manufacturerz and a mark is made in penc¢il on the moving vanes, This adjustment sheould
not normally require alteration but if re-adjustment becomes necessary, detalls of the method will
be found in the Handbook suppllied with eash set,

RECEIVER 394E

Daie of Deslgn:- 1936,
Fregquency range:=- 150-3160 ke/s.
Valves and method of coupling:= Two R/F amplifiers (1)(2) ARSB =~
Tuned cloke capaeity, }
One cumulative grid detector (3) NR42. .
Transformer coupled, ' 3
Ons A/F amplifisr (5) NR3S.
Receiver 394E ls & tuner ampiifisr for use with type TWi2A and TWI2B. It uses LwWo Btages
of R/F amplification, & detecter and one giage of A/F amplifiecation. Capacity conirolled magnstic
reaccicn ig used,
From the aerial terminal (5) on the outside of Lhe case a lead Is taken to a plug and
gocket connectlon in the side of the trangmitter whlch connects it to the receive contact of the
magnetic key (37). Inside the esse a lightning arrester In the form of & 250,000 ohm anti-static
resistance (6) is connected betwsen terminal (5) and the earthed case. From terminal (5) a lead
i algo taken through two flxed condensers (7)(8) to 5 plug and socket conmection (10)(11) and
thence to one end of the tuning inductance (12), ©On the side of the receiver is a "local distant®
switch which, in the "distant? position shori-circults the smaller of the two condensers (9)
during distant reception., In the "loesalt pesition this condensger Increases sensitivity.
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RECEIVER 394E CIRCUIT DIAGRAM
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RYI4 TYPE TW I12A AND TW 2B

The tapping switch on the tuning induactance (12) not only selects the appropriate part of
the inductance to be msed In the tuned grid cireuilt of the first R/F valve (1), but also connests
8 part of the unused indugtancse as an aerial eoupling coill, thus maintaining a suitable coupling on
ail fraqueancy ranges.
Thrae tuned R/F stages are used, these are:-
(1) Tuned grid sirecuin of first R/F valve (1),
(11) Tuned anode eircuit of firgt R/F valve (1),
{($11) Tuned anode circuit of sscond RfF valve (2).
A1l these cireults are identical and the tappings on the ihree Iinductancs coils (12)(15)(18) are
controlled by a single range switeh {64) with four positions, The switch 18 marked in matrzs and
the ranges are as follows:-

Range. Range in Ke/s. Bwitch marking in metres.
1 150 - 333 900 = 2000
2 333 - 708 425 - 800
3 708 ~ 1500 200 - 425
4 1500 = 3160 95 - 200

The thres inductance coils, which are sereeped In metal cylinders, are tuned by three warlavla
condenzers (18){16)(19) which are ganced and conirolled by a single slow motlom dial. There la &
small semi-adjustable trimmer condensar (14)(17)(20) in parallel with sach tuning condsnser.
These are set by the makers and should nel be sltered.

The coupling betwsen the f{irst and second R/F stages, and between the second R/F stage
and the detector, 18 tuned choke capacity wia condensers (21) and (22)., Both the R/F valwas ars
of the variable=mu screened grid type and H,T. i3 fed to them through the 1000 ohm resistanpes
{28)(40), The screen potential 1s fed through resistances (38)(42), from a potentiomester
consisting of two resistances (51)(52) connested between H.T.» and e&arth. These resistances
(36, 40) (38, 42) with their by-pass condensers (37, 41) (39, 43) conatitute the descoupling
arrangamsnts.

The detector valve (3) operates on the cumulaiive grid principle and the gerld leak (23)
iz ecnneeted %o L. T.+jthe H.T. supply to the valve Is fed through & 5000 ohm resistance (28),
the primary of the ouitput trapnaformer (29) and the reaction resistance (25). This reslastance is
used instead of the more usual choke to easure smooih resction over the whole range of the model,
Reaction ls controllsd by the warlable condenser (24) and i3 fed to a reactlon coll comsistling of
part of the ilnductange (#18) which is not used for tuning the output circult. The size of this
reaction eoll 15 varied by the tapping swltch, giving appropriate coupling for the rangs in nsge
(ef. asrial coupling in tuned grid eircuit of first R/F stage). An R/F by-pass condsassr (26) 13
connected to garth befors the primary of the output transformer (29) to reduce to a minimum The
amount of R/F voltage passed on Lo the outpul stage. Resistance (30) fa an R/F stopper,

The A/F amplificetion stage (s transformer coupled to the detector stage. The walwve (4)
is normally &n output peptode, If it is desired to use ap output triode an NTBZ should be used.
The H.T. supply Is fed through the primary of the Lelephone transformer (50), this has a step-down
of 15:1 and is also tapped to give a gtep-down of 4531, The 15:1 ratle terminals are connected %o
the telsphones: the 45:1 ratio to the loudspeakers. The loudspeakars are connected by plugs and
sockets 1m both loesal and R.C, positions and may be disconnected by this means when mot regquired.

POWER SUPPLIES
Type TWi2A (See flg. p),

L.T, Supply. The filameats of the yalves are supplied In parallel from one of two alternativs

2 volt batteries (1){2). Thesa baikteriss ean bs charged f{rom the 12 w¥olt ship's malns via a
echarging board (3) on which is fitted a charge-discharge switch (4), a 12 volf, 36 watt reslstance
lamp {(6) 8 supply fuss (7) and an outpui fuse (8). Conmections are mads from Lhe charging board
to the L.T.+ and L.T.~ terminais on the receiver. The L.T.,- lead Is earthed at the board.

H.T. Supply, This is obtalned from an anode-converter with an output of 150 volts D,C. The
input supply of 12 wolts is taken from the shipis 12 yolt mains via the same palr of fuses (10)
as the transmitter filament supply and 13 esntrolied by & single pole tumbler switch (1i) on the
operator's bench. The output from the machime i3 eomnected to the H.T.% and G.B. = terminals en
the recelver. The terminalis H,T.2 and H.T.5 are comneeted cogether by a 1ink, Terminals H,T.1
and H.T.- are not used, The rsason for this arrangement of terminals is that the recslver wss
originally intended to bs used with a dry H.T, battery from which tappings were taken to provide
the various voltages requirad.

Grid Bias Supply. (8se fig, o), The G.B, potentiais are automatically obtained from resistancss
econnected betwsen L.T.~ and G.B.-., H.T.~ and G.B.- are 8lso connected by thsse resistances which
ars therefors in the return path of the anode current, Grid blas for the A/F ampliffer (4) is
abtained by means of reslstances (46) and (47). Orid bias rfor both the R/F amplifiers (1) and (2)
i5 obtained by means of resistances (44) and (45), the latter of which is a 1000 chm yar {abl»
potent iometer wnich provides a means of volmms eomiurol, Ths purpose of ths 100 ohm resistance
(44) 1s vo prevent the potential on the grids becoming more positive than =} wolt. 1% should be
noted that the L,T.- and H,T .~ supplles ars not mads common, If H.T.- was earthed, the automatia
grid bias would not be obtainahle.
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L.T, Supply. The filaments of the

valves arse supplied in paraliel from
one of two alternatiwe 2 volt batterles
(i2)(13). These batteries are charged |
from the ship's 110 wolt mains through
a eharge-discharge switch (14) and
charging reasistancas which consist of
two 16 ¢,p. lamps (15)(16); one of
thess san ba used alone or both placed
in parallel for meormal or maximum L4JF7__
echarging rate by switeh (17).

The output from the charge-discharge
switeh (14) 1s connected to the L.T.+ 3vowrs |13
and L,T.- terminals of both receivers, s

H.,T.- and L.T.- are made common and earthed and, therefore, & separate grid bias supply is

neeessary, It should be noted that when tuner amplifier Bi3 1s used as part of type TWI2B valves
with 2 volt filaments must be used In it,

H.T. Supply. This is obtained from one of two alternative 144 volt batteries, sach of which consists
of three 48 volt batteries (18)(19)(20){(21)(22)(23), Three separate charge-discharge switches (24)
(25)(28) are fitted to connect the output of the 48 wvolt units In series, or to charge them
separately from the ship's maims vla three separate charging resistances (27)(28)(29), each of which
consists of two 16 ¢.p. lamps in seriszs for normal charging rate; one of these can be short-circulted
by switches (30)(31)(32) for maximum rate.

The 144 volt battery output from the charge-discharge switches is connected to the
terminals H.T.% and H.T.=- on receiver Z94E, the terminals H.T.3 and H.T.2 being connected together by
a4 1ink. A tapping ls teken from the sentre charge-discharge switch (25) through a filter unit (33)
to provide a 96 volt supply for the tuner-amplifier Bi3,

Grid Blas supply. A separate 16 volt grid hias battery 1s fltted which can be charged from the
ship's malns via a charge-dischargs switch (35) and a 2¢ o,p, resistance lamp (36), The output is
sonnected to terminals G.B.- and H.T.- on receiver 394E. As the variable potentiometer (45) is in
geries with the G.B, battery It still acts as a volume control.

HON-OFF" 8witch, In both models an "On-0ff" switch (49) is fitted which breaks the H.T.— and L.T.+
supplies, In type TWi2B only, this also breaks the H,T.- supply which, since G,B.+ and H.T.~
common, also breaks G.B,+, This |s necesgary as otherwise the C,B, battery would discharge through
rasistances (44) and (45) in parallel with (46) and (47). Tuner amplifier B13 musi be switched off
by its filament rheostat,

A 2 velt lamp (53) is mounted on the front of the receiver both as !llumination and to
indicate that the receiver is switched on, It is supplied in parallel with the vaive filaments,
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