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INSTRUCTION S3

SECTION 9

LIMITER LIM/2

Function

The function of the Limiter LIM/2 is to prevent
the accidental overloading of a transmitter or
recording apparatus. The chief advantage gained
from the use of the limiter is the ability to maintain
the mean programme level at a higher value than
is possible with manual control. In other words,
transmitters can be modulated to a greater mean
percentage and recordings made with a higher
signal-to-noise ratio without the risk of distortion
on peak levels. Maximum permissible peak

the bias voltage for reducing the gain of the
amplifier at excessive peak volume. When the
variable attenuator is set at maximum loss,
i.e., at zero position, the amplifier has zero gain.
Variable-mu pentodes are used in the amplifier
because the mutual conductance of this type of
valve decreases smoothly (approximately exponen-
tially) with increased bias and vice versa. The
gain of the stage can be controlled by means
of a d.c. bias potential. This potential is provided
by the side-chain amplifier and is arranged to be
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Fig. 9.1.

volume is normally 8 dB above programme line-up
level. Under working conditions, the controls of
the limiter are so adjusted that this maximum peak
volume cannot be exceeded. In the case of trans-
mitters—which are normally lined up so that
normal programme volume produces 40 per cent,
modulation—the effect of limitation is to prevent
maximum modulation from exceeding 100 per cent.
(See Engineeting Training Manual, p. 212.)

General Description

The LIM/2 was the first limiter to be put into
general service and was developed from the
experimental limiter, LIM/1.

It consists of a straightforward variable gain
push-pull amplifier, preceded by a variable atten-
uator, and an associated side chain to provide
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proportional to the amount by which the output
volume of the amplifier exceeds a predetermined
maximum.

The action of the limiter may be described as
follows :—

Referring to Fig. 9.2., when a signal es is applied
to the input of the amplifier, a voltage ¥V'/n propor-
tional to the input voltage, is developed across a
tertiary winding on the output transformer T2.
This voltage is applied to the side chain comprising
an amplifier, control stage and rectifying stage.
The control stage is normally biased back beyond
cut-off point. If the signal es does not produce an
output voltage greater than the permissible maxi-
mum value, the voltage V/n will not be great
enough to counteract the cut-off bias of the control
stage, and there will be no output from the side
chain. If, however, the input signal causes the
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output voltage to rise above the permissible
maximum, the value of V/» will be sufficiently
high to operate the control stage, and a veltage
proportional to the excess voltage will be passed
through to the rectifier. This rectified voltage — e,
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Fig. 9.2. Theoretical Circuit

will then be applied to the grids of the main
amplifier valves in the form of negative bias, and
the gain of that amplifier will be reduced, until
the output falls below the maximum predeter-
mined level.

adjustable by means of a timing switch, and it
is upon the adjustment of this control that the
behaviour of the limiter chiefly depends.

If the restoration time is very slow, the effect
is that of an automatic maximum-level-setting
device. If, however, the restoration time is
comparatively quick, the effect is that of a com-
pressor, cutting back the peak levels, and restoring
the gain rapidly for the low-level intervals between
the peaks. In certain circumstances, particularly
when used on transmission channels subject to
fading, the limiter is in fact used for compression.
The degree of compression may be increased after
line-up by adjusting the calibrated Input Level
Conirol to a higher setting. This explains why in
the earlier models of the LIM/2, this control is
labelled Compression Decibels.

Unlike other types of compressor, the limiter
does not introduce any noticeable harmonic dis-
tortion, except perhaps during the very short
periods whilst the gain is being cut back. It should
however, be understood that the rapidity with
which the gain is cut back has been deliberately
curtailed in the design, so that very sharp peaks
in the programme will be passed on by the limiter
at a level exceeding the predetermined maximum.
These peaks will be of such a transient nature that
the distortion produced will not be detected
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Fig. 9.3. Main Channel

If the output then remains below maximum for a
considerable time (i.e., if no other excess voltage is
applied to the input), the gain of the main amplifier
is arranged to return slowly to normal. The speed
at which the gain is restored after cut-back is
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aurally, and by allowing this condition, mean
modulation can be maintained at a higher level
than if the cut-back were instantaneous. In the
case of certain transmitters, where it is highly
undesirable that modulation should ever exceed




the permissible maximum percentage, some form
of peak limiter or chopper is included in the
transmitter circuit.

Circuit Description (Fig. 25)

The cireuit of the LIM/2 comprises two sections,
viz. the amplifier proper, or main channel, and the
side chain. These will be dealt with under separate
headings.

(a) Main Channel (Fig. 9.3)

The main channel is designed to work between
600-ohm terminations and consists essentially of a
balanced input attenuator, an input transformer,
TI1, two variable-mu pentodes, VI, V2, of the
AC/VP2 type, connected in push-pull, and an
output transformer, T2, having two secondary
windings.
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Fig 9.4. Side Chain.

The input attenuator is divided into two sections,
the first of which is the Input Level control and
takes the form of a variable H-network. The
second section is in the form of a fixed square-
network and is included because the normal gain
of the amplifier is greater than that required for
working conditions. With the input level control
set at zero {maximum loss) and no limiting taking
place, the amplifier as a whole has zero gain.

Steady bias for V1, V2 is obtained from the
resistor R3, the tapping point on which is made
variable to obtain accurate balance, and also
from the common cathode resistors, R4, R5 in
series. Total cathode current is controlled by
the adjustment of R4 and measured across R3.

INSTRUCTION S3
Section 9

The bias is controlled by the side chain, as
shown in Fig. 9.2, and it is important to realise that
the bias control voltage may be many times greater
than the input signal voltage. When a sudden
application of control voltage is fed to the grids
of V1, V2, a sudden change of anode current is
produced and, unless the anode currents of the
two push-pull valves are properly balanced, the
sudden changes will give rise to considerable
‘“ plops "’ in the output. The setting of the adjust
balance potentiometer R3 is therefore critical.
The method of adjusting this balance is described
under the heading Operating Instructions.

The two terminals, 9 and 10, shown in the
circuit diagram are the limiter meter terminations
on the main terminal block. In some cases a high
speed limiter extension meter is inserted at this
point, in series with the normal meter. It is
important to remember that the normal limiter
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meter also functions as the feed meter for other
stages. When the limpiter is in use, therefore, the
meter switch must always be set at position 1 (or
Al, A2) so that the meter will give an indication
of the operation of the limiter.

(b) The Side Chain (Figs. 9.4, 9.5, 9.6)

The first part of the side chain consists of a
single-stage amplifier, V3 (Fig. 9.4), the gain of
which is controlled by the potentiometer labelled
Limiting Level.

A small amount of current feedback is obtained
from R42. This stage is followed by a full-wave
rectifier, D1, D2, comprising two copper-oxide
rectifiers Type WX6. The rectified output pro-
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duces a ripple voltage across R17, which is applied
unsmoothed and in a positive sense to the grid
of V4 (Fig. 9.5).

This valve is already biased beyond cut-off point

When V4 operates, the amplified ripple voltage
developed across R17 is passed through R24, C11
to V6 and charges up the 0-2-uF capacitor, C12
(Fig. 9.6).
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Fig. 9.5. Side Chain.

by the voltage (approximitcly 20 volts) developed
across R18, through which is passed the cathode
current of V3. V4 passes no anode current until
the bias on its grid is approximately — 3 volts.
It therefore remains inoperative until the rectified
signal exceeds about 17 volts peak value.

The reason for the inclusion of V3 in the circuit
can be explained as follows :(—

It has been stated that limiting does not take
place until the signal voltage applied to V4 is
sufficiently high to counteract the cut-off voltage
developed across RIS, If the limiting level is to
remain constant for a given setting of the Limiting
Level control, the voltage across R18 must not vary.

In the absence of some form of stabiliser, the
pulsating d.c. voltages applicd to V4 would,
under operating conditions, canse variations in the
cathode current and hence in the biasing voltage.
V5, therefore, acts in the same way as a neon
stabiliser and is uscd in preference to a4 ncon
because of its greater reliability. The circuit is
so arranged that V3 passes maximum cathode
current when V4 is inoperative. When V4 operates,
the cathode current of V3 falls as that in V4 rises,
so that the mean cathode current and hence the
cut-off bias voltage remains constant.
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Control Stage

It should be pointed out here that R24 increases
the time taken for C12 to charge fully. This delay
permits the passage of transient peaks through the
main amplifier as previously explained.

V4

Fig. 9.6. Side Chain.

Rectifier Stage

The resulting d.c. voltage obtained from C12
provides additional negative bias in the main
amplifier valves V1 and V2, thereby reducing their
gain. The capacitor discharges slowly through
any one of the five resistors, R25 to R29,
sclected by the timing switch. Except in cases
where compression is Tequired, the timing switch




is normally sct to position 5. This position intro-
duces a special discharge circuit designed to avoid
the disastrous effect of, for example, a heavy
drum beat occurring in the middle of a pianissimo
orchestral passage. The cffect of such a peak is
to charge €12, which momentarily reduces the
limiter gain but rapidly discharges via R46 into
the large reservoir capacitor, C15. If a number of
peaks occur in succession, C15, ultimately becomes
charged and the limiter. gain is therefore held
down until this charge on C15 slowly leaks away
through R29.

Stabilising Screen Grid Volts

A neon stabilising lamp is provided to maintain
constant screen voltages of all valves irrespective
of screen currents taken by VI, V2, V4 and V5.
Difficulty may be experienced with the striking of
the ncen lamp, especially when the limiter is
supplied from a mains unit and, to cover this, a
special Strike Neon key is fitted. The operation
of this key will cause the lamp to glow slightlv,
the lamp striking on the releasc of the key ; lamps
which fail to strike should be rejected. When once
struck, lamps will remain alight, provided their
working voltage is sufficiently low, and will be
practically unafiected by programmc peaks.

Depression of the Test Balance key will reduce
the lamp current and may extinguish' a lamp
whose working voltage is unduly high ; any lamps
which behave in this way should be changed,
as balancing cannot be carried out properly unless
the lamps stays alight during the operation. In
order to see whether the neon lamp remains alight,
two view holes are provided through the main
panel and one through the lower sub-panel.
Provided the back cover is in position it is easy
to see the lamp glow.

The type of neon originally fitted in the LIM/2
is being replaced by an alternative type (Cossor
$130) which should overcome the troubles outlined
above.

Operating Instructions
1. Adjusting Amplifier Feed

Switch on mains unit and allow one or two
minutes for working conditions to become stabi-
lised. Set the meter switch to position 1 and
adjust the total cathode current for valves V1 and
V2 to read 5 mA. Make this adjustment with no
incoming signal and the Timing switch at the
setting it is intended to use for the programme.
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2. Balancing

This operation should only be necessary when
(a) the equipment is first installed, (b) either VI or
V2 is changed, or (¢) it is suspected that the
characteristics of the valves have changed through
ageing or other causes.

To obtain correct balance conditions, proceed
as follows :—

(a) Adjust for 5 mA as indicated under 1, and
remove front cover.

(8) Set the Limiting Level control fully anti-
clockwise. ({In this position the side chain is
at maximum gain and full limiting action
obtains.)

{c) Set the Timing switch to 1. (Minimum re-

covery time.)
{d) Plug headphones into Check Balance jack.

(¢) Depress and release the Test Balance key
repeatedly, at the same time adjusting the
Adj. Balance potentiometer, R3, until the
‘ plops ’ produced by the operation of the Test
Balance key are reduced to minimum loud-
ness. The correct condition will only be
obtained by a process of elinination. Between
successive depressions of the Test Balance key
sufficient time should elapse for the feed-
meter to be restored to 5 mA. When carrying
out this operation, attention should be con-
centrated on the low-frequency component of
the ‘ plop,’ the residual high-frequency ‘ click ’
being relatively unimportant.

3. Lining Up

Although the limiter can be arranged to operate
over wide limits of programme level, the optimum
level for operation is —23 dB. This condition is
obtained, in the case of transmitting stations by
the insertion of attenuators and a listener cor-
rection unit between the D-amplifier -output
and the limiter input. In the case of recording
channels, the limiter is preceded by a fixed
attenuator, the value of which is conditioned by
the incoming programme level.

Since the circuits with which the limiter is
associated vary considerably at different centres,
it is not desirable that a standard line-up instruc-
tion should be given here. Detailed information is
issued in the Station Instructions at those centres
where limiters are employed.
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Valve Data
Anode  Screen
Current Current  Fil. Fil.
Valve fnA mA Volts  Amps.
Stage 1, i
AC/VP2 2:0 0-5 4 1
Side Chain
V3, .
AC/SP3SB RH 45 1-6 4 1
V 4,
ACSP3BRH — — 4 1
V'S5,
AC/SP3BRH 34 09 4 1
V6,
D42 — — 4 0-6

Total Feed, 26 m4, inctuding ncon.
H.T. Supply, 230 or 300 V.
L.T. Supply, 4 Va.c.or6 Vd.c.

General Data
I'nput Level Control
Tvpe No. of Studs Loss per Stud

Painton PH/2G1 8 2 dB.
Meter. Elliott Miniature Edgewise. No. ED 1456.
Meter Switch. Yoxley Type A, 2-bank, 9-position.
Timing Switch.  Yaxley Type B12. No. 5168.
Potentiometers

Adjust Balance.

Type: Morganite Stackpole MNAP 40150.

Resistance : 400 L.

Adjust 5 mA.

Tvpe : Morganite Stackpole MNAP 10250.

Resistance : 1,000 Q.

Limiting Level.

Type : Morganite Stackpole MNAP 10410.

Resistance : 100,000 €.
Pilot Lamp. P.0.No. 2,4V,

Impedances
Input Z =- 600 Q.
Output Z =600 ,,

Normal Load 7 = €00
Normal Working Lcvels

»

Input — 23 dB.
Output — 23dB.
Normal Limiting Output, — 15 dB.
Test Data
Maximum Working Voltage Gain and 600-ohm Test
Gain ' .

Test Conditions :

V1, V2 feeds tested for Balance.

Feeds for V1, V2 adjusted to S mA.

Input Level Control set to Stop 16.

Limiting Level Control fully clockwise (non-
limiting).

Tone Source Sending Level, — 23 dB.

Gain at 1,000 ¢/s, G = 16 dB.

Frequency-response Test
Test Conditions :
V1, V2 feeds tested for Balance.
FFeeds for V1, V2 adjusted to 5 mA.
{a) Input Level Control sct at minimum gain,
Tone Source Level adjusted so that no
limiting takes place.
Gain at 50-10,000 c/s, +0-5 dB relative to
gain at 1,000 c/s.
(h) Input Level Control set for 14-dB limitation.
Timing Switch set to 1.
Gain at 50-10,000 c/s, + 0-5 dB relative to
gain at 1,000 c/s.
Total Percentage Harmonic Content
8 dB above normal working input and output

levels.
: Without 15-dB 20-dB
) Umitation limitation limitalion
1,000 c/s 0-26 < 25 < 2

9.6




64110B8/S3/DJE A ) c o £ F G H i 3 K C V] N o) P o) R s ¥ <3
COMP.| LOC. VALUES RATINGS
Al | Gs SO K 0 25W
| FIG25 LIMITER L[Mlz 8 RZ_ | c4 SOK 025 «
39 1SSUE gt A3 H4 400 TYPE MNAP
f-—% c4 R4 B 1K . .
v AC/VP2 b i RS JS 333 RES.CARD
2 - ! RE | X4 20K RCK]
z] R7 | M3 4K K
AMPLIFIER o i( 2 TR Tox 7o
ADJUST 5 " o R9 NG 20K 05w
3 PH/RG! egHNE ey 2 RIOC | N3 20K o5
~ (o]
W 2 1 R N2 20K 1-0-~
RE 8 i } RI2 | Ala TOOK TYPE MNAP
9 ) - 1 o RI3 | C13 20K 1-OW
4 ! ourpdr 600A RI4 Ci2 20K 1-O«
: : RIS | DI3 20K 05~
g“,g’g T —o12 —RI6 | Cl6 100 025 =
. ! RI7 | GI5 100 K 025~
1 ; Ae_| 176 5K 65 -
, | RI9 | G2 250K 05 »
: ; ! ! O———v R20 [ cil 20K 1-0 w
6 F“_t: INPUT LEVEL i_ Do ey 2 _1 ; y ¢ cev R2! | LIS 250K 025+
= CONTROL ST 5 = — No328 R22 | L6 50K O- 28«
e85 Tosma & - AL R23_| Ui 250K 025~
. g 3% =)o o= \’ R24 | Li4 47K 0.25-
é E 7 -- R25 | OIS 50 OK 0-25+
§ § ;g_ - +é:" STRIKE NE;bN T T o T
2z8 1 v2 %vpz - | R27 | PI5 10M X
£ 5 8 R#8_| Q5 40M o5~
2y ¢ 8 .- R20 | RIS 2M 1.0
o 5 z ¢ R3O | M1 526 RES.CARD
23853 o g R | en 333 . -
<S55 9 R32 | AIO | 333 T
°oL- 2 s - I A33 HT. + 250V, or 300V, |R33 | 810 | 256 r___ v
>3 § S - | s ‘ | R T a7 39K PAINTON
&8¢ i R35 | a7 o RES.CARD
2C§5s 10 P —— R | Qis o . -
2 E}% « cre ] R37 | R 22: ~ PAINTON
o KEY R .
el 3 SIDE CHAIN € ass A o——yg|t Neue Fao T o8 225 5 asr
80 c > i ‘EE «3 AWV 0 \ R4O_| 05 T8 K "o 25
$2 8 ’d‘4_+ o— RaT | €5 T8 K 0 %
[ i TEST BALANCE! Raz2_| CIS 150 0 25
o ‘é_ = <3 Clcld_: ‘ Rad | L2 280K C-28~
£6% 12 cs ¢ = 2 | Ra5 | Ol O.5M 1.0~
‘ -V g [ o T R46 | Ria 0.5M R
> L ;
g w3 7 E. R4 - ’ R47 | 115 27K
13 g E E:: ANV T | R48 KI3 1-OM O-5.
£ < e8 |S cl | K7 16 MA 5129
5 V3 AC/SP3 "h vs AC/SP3 ' Cc2 N7 16 . 15129
. 94/ _ = g C3 | NB 2 TYPE 87
14 ~2(o) [t om— A il [ca [ N2 2 . 87
=< - +] 67 7 —
<> =2 Jd cs BI2 16 MA 15129
o \ = =3 cn Y 6 | Cis 250 . 14680
nyH S 41 1s 22 | c7_ | oa 6 . 15129
is Xy o« x ] ! cs__| Dn o5 TYPE 87
' 9 | Hi5 25 . <
el © ﬁSE P4 CIo |62 16 MA 15129
_l__ ° iz « T it | Lis G Ol TYPEA3!
6 s — o 8 fRAME | C12_| NI 02 . 87
' i cni3 jJ3 250 MA 14680
. {E +19 = pANEL Ci15 [ RIS 4-0 TYPE 87
CHECK BALANCE NOTE|, FOR AC. LT, SUPPLY TERM® 13,17,8 18, ) C16_| 0io 0.05
7 /\_!:g__—__ TO BE STRAPPED &R37 TO BE SHORTED. et [i av ac
NOTE2. FOR 250V HI SUPPLY R7 TO BE SHORTED. lpavgms 017 % = = —
—Q18 || 6v DC. S 1112-9 LGG/9RB
”f‘,',‘q‘_ Ar‘E{MA ui o T2 05 783:11-96:1 AAL/IORA
Y [T , L
SWITCH < 4—14 — A4RSMA X 020 )
5—i5 — NEONMAXS ;
7=17 —— TOTALmMAXIO O- | '5SmA .J. ‘H
9—19 —— FILVOLTS DC. METER CIRCUIT .




