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QUARTZ OSCILLATORS 
BBC CRYSTALDRIVE EQUIPMENTS 

SECTION A 
QUARTZ OSCILLATORS 

Quartz Crystals 
This section deals with the properties and pre- 

paration of the quartz plates used as frequency 
control elements in certain types of BRC trans- 
mitter drive equipment. 

Quartz is a common natural form of silica 
(SiO,), but crystals of a size and type suitable for 
the preparation of frequency-control elements 
are found in quantity only in a few countries, 
principally Brazil, Madagascar and Japan. 

alternate prism ctlgcs. 'fhe crystal is asynunclrical 
in that each side of thc prism is tcrminatcd at 
one end in a sn~all pymrnitl face and xt the othcr 
end in a large pyramid f;~cc\. 

Fig. A.2 indicntrs thr I:.ttcring of the crystal 
faces and facets in accordnnce with the Kationnl 
Physical Laboratorv notation (with the exception 
that, to avoid possible C O I I ~ U S ~ O I I ,  tl?c JH-untlcr-li 
antl m-mder-z fnccs arc tlisting~~idicvl by r~si~:g 
m for tlw fornmer and nt' for tlw latter). 'h~ 
perfect crystal posscsscs six 12, sis i, t lwc ;nz mtl 
three m' faces. antl also six s a~itl six r 1:trrts. 

Fig. A.I. Quartz Crystal of Perfect Form, Showing 
Crystallographic Axes of Symmetry 

Fig. A.1 shows one of the two possible forms of 
a perfect quartz crystal, the crystal illustrated 
being known as a left-handed crystal. The alterna- 
tive form, which would be represented by the 
mirror image of Fig. A. l  is referred to as a right- 
handed crystal. The perfect crystal has the form 
of a regular hexagonal prism terminated a t  both 
ends in a pyramid having three large and three 
small faces. In  addition small facets appear on 

Fig. A.2. Letter Notation for Main Faces and for 
Facets of Crystal 

The quartz crystal has one trigonal and three 
digonal axes of symmetry (Fig. A.1). Tllc line 
joining the vertices of the pvramids is an asis 
of trigonal symmetry, that is, the same configura- 
tion is repeated at every 120" of rotation of the 
crystal about this ~x i s .  I t  is also. known as the 
principal or optic axis, the latter name being 
given because a beam of plane-polarized mono- 
chromatic light passed through the crystal in a 
direction parallel to this axis undergoes rotation 
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of its plane of polarisation. The three axes of 
digonal symmetry are in a plane at  right angles 
to the principal or optic axis and are parallel to 
the m and m' faces of the prism. They are so 
named because the same configuration- is repeated 
at every 180" of rotation of the crystal about 
these axes. 

Piezo-electric Properties 
If a quartz crystal is subjected to mechanical 

stresses in the direction of any one of the digonal 
axes equal electric charges are set up on the edges 
of the prism, alternate edges carrying charges 
of opposite sign. If the mech'mical stresses are 
reversed the signs of the charges are reversed 
also. 

Similarly, a mechanical stress applied in a 
direction perpendicular both to a digonal axis 
and to the optic axis will produce charges on the 
prism edges. A compressional stress applied in 
this direction will produce charges of opposite 
signs to those produced by a compressional stress 
applied along the digonal axis. 

This effect which is known as the ' direct ' 
piezo-electric effect is reversible. That is to say, 
a potential difference applied in the direction of a 
diional axis, or in a direction perpendicular both 
to a digonal axis and to the optic axis, will produce 
mechanical stresses in the directions of the digonal 
axes and perpendicular to the latter. This effect 
is known as the ' converse ' piezo-electric effect. 

Several crystalline materials are known to 
possess piezo-electric properties, e.g., quartz, 
tourmaline, and rochelle salt (potassium sodium 
tartrate), but this Instruction deals only with 
quartz. 

X, Y and Z Axes 
The piezo-electric properties of a quartz crystal 

are usually expressed with reference to three 
axis-directions, X, Y and Z. I t  is important to 
note that references .to X, Y and Z axes are refer- 
ences to directions and not to specific single axes. 

A Z-axis direction is parallel to the optic axis, 
an X-axis direction is parallel to an m or m' face 
and also perpendicular to the Z-axis direction, 
while a Y-axis direction is perpendicular both to 
the 2- and to the X-axis directions. Fig. A.3 
shows the cross-section of the prism of a quartz 
crystal of ideal form and the diagram indicates 
the X- and Y-axis directions. The Z-axis direction 
is perpendicular to the cross-section plan shown in 
the figure. 

Fig. A.4 show3 the cross-section of the prism 
of a crystal of irregular form, as commonly found. 
X- and Y-axis directions are shown and it will 
be observed that the X axes are pnrallel to m or 

XZ Y I X 3  

Fig. A.3. Cross-section of Ideal Crystal showing 
Directions of X and Y Axes 

m' faces, while the Y axes are perpendicular to 
the X axes. The Z axis is perpendicular to the 
cross-section. The irregularity of the crystal 
form does not alter the fundamental orientation 

rn' : 
! 
Y I 

\ 
X2 

Fig. A.4. Cross-section of Imperfectly-formed Crystal 
showing Directions of X and Y Axes 

of the axes as described above for the ideal crystal 
form. 

Quartz crystals in the natural state generally 
taper along the prism length and the prism is not 
of regular hexagonal cross-section, although such 
deformation does not necessarily make a specimen 
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unsuitable for piezo-electric applications. Crystals 
which are too small to permit the cutting from 
them of plates having the required dimensions 
and-orientations, or those in which there is exten- 
sive ' t6inning ' are, however, useless. The term 
' twinning ' describes a complex molecular struc- 
ture resulting in either a combination of left-hand 
and right-hand crystal forms, or a combination 
in which part ot the crystal is rotated 180' about 
the optic axis with reference to the remainder 
of the crystal. There may even be both these 
kinds of deformation in the one crystal. 

No matter how irregular a crystal may be in its 
geometrical form the included angle between 
adjacent m and m' faces is always 120'. Further- 
more, the included angle between an R face and 
the optic axis is always 41" 47'. 

Quartz is selected for piezo-electric applications 
after optical, X-ray and electrical tests to deter- 
mine the extent of homogeneity of its molecular 
structure. Suitable specimens are then tested 
to identify the faces and to determine the axis 
directions. The cutting of individual plates is 
carried out by means of high speed circular saws, 
consisting of .thin copper or bakelite discs whose 
edges are charged with diamond dust. 

Quartz-crystal Plates for Oscillators 
If a plate cut at a suitable orientation from a 

natural quartz crystal is mounted between two 
electrodes and a potential difference is applied 
between the latter, mechanical stresses will 
be produced in the plate which-will then undergo 
deformation. if the potential difference is re- 
moved the plate will not resume its former shape 
immediately but will execute a series of mechanical 
vibrations of decreasing amplitude, the frequency 
and nature of which will be determined by the 
dekity and elasticity of the quartz and the 
dimensions of the plate. 

If an alternating potential difference is applied 
to the electrodes the crystal plate will respond in 
an analagous manner to an oscillatory circuit 
to which an alternating e.m.f. is applied. When 
the applied frequency is near the natural frequency 
of the crystal a condition approaching mechanical 
resonance occurs.and the crystal vibrations build 
up to a comparatively large amplitude. 

The crystal vibrations .will set up alternating 
potential differences between the electrodes 'and 
the resulting alternating voltage may be applied 
to an amplifier and a feed-back circuit to maintain 
continuous oscillations. 

The general formula for the frequency of 
vibration of a crystal plate, in any direction, is 
as follows :- - 

where f = frequency in c/s 
t = dimension of plate, in the direction of ' 

vibration, in cms 
d = density of quartz in gms/cmg 
c = elastic constant, in the direction of 

vibration, in dfnes/cm2 
For any plate of given dimensions and orienta- 

tion of cut the frequency expression can be given 
in the following form -- .. 2 

f = ,  

The tern1 k is known as the frequency constant 
and is normally expressed in kc/s per mm. 

A temperature term does not appear in the 
general expression for frequency given above, but 
the various terms contained in the expression are 
not independent of temperature. To what extent 
the resonant frequency of a crystal plate will change 
with a @yen change of i t s  temperature will depend ' 
upon the individual variations, with temperature, 
of the terms given in the expression. 

(The temperature-frequency coefficient of a 
crystal plate is the change of frequency per unit 
change of temperature and is usually expressed as 
so many parts in 10' per degree Centigrade rise 
of temperature.) 

The temperature coefficient varies widely 
according to the angle of orientation, relative to 
the X, Y and Z axes, at  which the plate was cut 
from the natural crystal and there are certain 
specific orientations at  which there is a balance 
between the temperature coefficients of the elastic 
constant, .and of the other terms in the frequency 
formula, resulting in an almost zero temperature- 
frequency coefficient for the plate. 

A crystal plate sometimes has two modes of 
vibration, one of which produces the desired 
frequency of oscillation. Any elastic coupling 
between two modes of vibration will tend to 
produce double-frequency effects which. are 
dependent, as regards magitude, upon the extent , 

of the coupling and upon the frequency relationship 
between the coupled modes. Undesirable results 
can occur in cases where one of the principal modes 
of vibration occurs a t  a frequency equal, or nearly 
equal, to a harmonic of. one of the other modes of 
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vibration. In cases where two modes of vibration 
have temperature-frequency coefficients of oppo- 
site sign there may, under certain conditions, be 
sudden and random changes of frequency, this effect 
being particularly prwounced in a Y-cut plate. 

Certain specific orientations of crystal cut give 
zero value for the constant of elastic coupling. 
These particular crystal cuts, however, are not 
necessarily those which provide zero temperature- 
frequency coefl icients. 

Types of Cut 
I. X-Cut Plates 

An X-cut plate is shown in ~ i g .  A.5. I t  is cut 
from the natural crystal in such a manner that the 
major surfaces of the plate are in YZ planes and 
are, consequently, perpendicular to the X-axis 
direction. . 

X 

Fig. A.5. X-Cut Plate . 

If an X-cut plate is placed in an alternating 
electric field, having a direction parallel to the 
X axis, it executes extensional vibrations in two 
modes. One is at  a frequency determined by the 
thickness of the plate, measured in the X direction, 
while the other is a t  a frequency determined by 
the width of the plate, measured in the Y direction. 
In either case the frequency is given by the 
expression : 

2750 f(kc/s) = - (approx.) 
t 

where I ' is the frequency-controlling dimension 
in millimetres. 

The frequency constant varies slightly for 
different dimensional ratios of plates. 

The temperature-frequency coefficient of an 
X-cut plate is negative and is found in practice 
to vary between - 20 and - 50 parts in lo8 

per lo  C. rise hi temperature. This is a relatively 
high vdue of temperature-frequency coefficient 
and represents one of the disadvantages of the 
X-cut plate for oscillator applications. 

The thickness mode of vibration is normally 
the inode used for the generation of the required 
frequency, and the extensional character of the 
vibration prohibits the rigid clamping of the plate. 
Another disadvantage of the use of the thickness 
mode of vibration in an X-cut plate is that pressure 
waves are set up in the air columns between the 
plate and the electrodes of the crystal holder. 
These air waves have a damping effect on the 
crystal plate vibrations and, at  frequencies at  
which fundamental (or harmonic) resonance con- 
ditions occur between the crystal plate and the air 
column vib,mtions, the damping effects can be 
serious. 

2. Y-cad Plates 
A Y-cut plate is shown in Fig. A.6. I t  is cut 

from'the natural crystal in such a manner that 
the major surfaces of the plate are in XEplanes 
and are, consequently, perpendicular to the Y-axis 
direction. 

Fig. A.6. Y-Cut Plate 

A Y-cut plate can be made to vibrate in an 
extensional mode as shown in Fig. A.7 and the 
same frequency constant applies as for an X-cut 
plate. If, however, an alternating electric field 
having a direction parallel to the Y-axis is applied, 
a very active thickness shear vibration occurs, 
as shown in Fig. A.8. 

The vibrations in this mode are, therefore 



governed by the shear modulus of the crystal in 
this plane and the frequency is given by the 
expression :- 

where I is the frequency-controlling dimension 
in millimetres. 

Fig. A.7. Longitudinal Extensional Mode of Vibration 

The temperature coefficient of the shear modulus 
is positive, and a Y-cut plate has a temperature- 
frequency coefficient of about + 70 parts in 106 
per 1" C. rise in temperature. This statement, 
however, is only true of very thin plates, that is to 
say, of plates with a large width to thickness 
dimensional ratio. When this dimensional ratio is 
small the temperature-frequency coefficient can 
no longer be predicted with certainty. I t  is found 

Fig. A.8. Thickness Shear Mode of Vibration 

that the temperature-frequency coefficient may 
have any value, including zero, between + 1@0 
and - 20 parts in 106 per l o  C. rise in temperature, 
whilst sometimes a small change of operating 
temperature or even of circuit values may result 
in random changes of frequency, termed 
' stepping.' 

The unreliable performance of Y-cut plates 
greatly limits their application although in certain 
other respects they possess desirable praperties. 

3 
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For example, Y-cut plates are more active than 
X-cut plates and, because they execute shear 
vibrations, the plates may be clamped in their 
holders on the nodal plane. 

3. Ctcbe Cryslals 
Since X-cut and Y-cut plates have temperature 

frequency coefficients of opposite sign it follows 
that if these temperature-frequency coefficients 
were of equal magnitude a crystal cut in the form 
of a cube with sides parallel to the X, Y and Z 
axes would have zero temperature-frequency 

'coefficient (at the appropriate operating tempera- 
ture). The temperature-frequency coefficients of 
X-cut and Y-cut plates are not equal and 
a perfect cube would not, therefore, have zero 
temperature- frequency coefficient . Nevertheless, 
it is possible se to proportion the dimensions of the 
cube that a very low temperature-frequency 
coefficient is obtained, the result being a crystal 
block in which the X dimension is approximately 
1-18 that of the Y dimension and is equal to the Z 
dimension. These cube crystals can, however, only 
be used between frequency limits of approximately 
75 kc/s and 750 kc/s and thus it is necessary to 
use frequency multiplication to produce higher 

4 .  Inclined Angle Czsts 
Fig. A.9 shows a section of a crystal cut in a 

plane at right angles to the Z axis. From this 
section two plates are shown cut a t  different 
orientations. One plate is a Y-cut plate, obtained 
when the main cutting planes contain the X and 
Z axes. The other plate is obtained when the main 
cutting planes are rotated about the X axis by 
35" 15' from the Z axis towards an m face. This 
plate is known as an AT-cut plate, in accordance 
with the notation described below. There are a 
number of specific orientations of cut, of which 
the AT-cut is one example, all being simple inclined 
cuts about the X axis, some of which ,provide 
plates having substantially zero temperature- 
frequency coefficients a t  particular temperatures 
while others provide plates possessing negligible 
coupling between alternative modes of vibration. 

A system of notation commonly used in con- 
nection with these cuts involves combinations of 
two letters. Plates cut a t  angles n, between 
0" and + 90" are known as A-cuts (high frequency), 
and C cuts (low frequency, i.e., 200 kc/s and below). 
Plates cut a t  values of n between 0" and - 90" 
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(i.e., away from an m face) are known as B cuts 
(high frequency), and D cuts (low frequency). 
Plates cut a t  the specific angles giving zero tem- 
perature-frequency coefficients are designated by 
adding the letter T, hence the term AT cut. 
Plates cut a t  the specific angles giving zero inter- 
mode coupling are designated by adding the 
letter C. 

opposite sides of the X axis (angle 0"). In this 
figure, n represents the angle of rotation about 
the X axis. 

The angles for the AT- and AGcuts are more 
nearly equal than those for the BT- and BC-cuts. 
In practice, therefore, the A-cut is favoured, 
particularly as it is slightly more active than the 
33-cut. The angle corresponding to minimum 

Fig. A.9. AT-Cut shown in Relation to Y-cut 

For the sake of clarity only one of the inclined 
cuts (the AT cut) is shown in Fig. A.9. The follow- 
ing table, however, details simple inclined cuts 
about the X axis :- 

Nolation of cut Vdue of Angh ' n' 
(ref. FFig. A.9) 

AC + 31" 
AT + 35" 15' 
CT + 38" 
ET + e0 
BT - 49" 
DT - 52" 30' 
FT - 57" 
BC - 59" 

The curves of Fig. A.10 show the variation of 
temperature-frequency coefficient with values of 
n frpm - 90" 'to + 90". The full-line curve 
applies to A- and B-cut plates and the dotted 
curve to G and D-cut plates. I t  will be seen that 
in both cases the two specific orientations giving 
zero temperature-frequency coefficient are on 

temperature-frequency coefficient is chosen in 
preference to the angle corresponding to zero 
inter-mode coupling because at this angle the 
elastic coupling constant is still very small, whereas 
a t  the angle of the AGcut the temperature- 
frequency coefficient already has a considerable 
value. 

(i) AT- and BT-cut Plates 
These have a very low temperature-frequency 

coefficient over a limited range of temperatures. 
The fundamental vibration is of thickness shear 
mode, which makes it possible to clamp the plates 
rigidly in their holders. Whilst the coupling 
factors of AT-cut and BT-cut plates are low, they 
make the use of large dimensional ratios necessary 
and in practice this limits the application of AT-cut 
plates to frequencies above 500 kc/s approximately. 
For frequencies much below this it is difficult 
to prevent interaction between the thickness 
shear and other modes of vibration. As stated 
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above, the activity of the BT cut is not as great In common with the AT and BT cuts, the CT; and 
as that of the AT-cut, but the upper frequency DT-cut plates have a very low temperature- 
limit is highef, due to its higher frequency frequency coefficient over a limited range of 
constant (k = 1,630 for A? and 2500 for BT). temperatures. 

~ o r c s I 1 0 ~ / ~ ~  L -100 

Fig. A. I0 Variation of Temperaturefrequency Coefficient with Angle of Cut 

(iz] AC- and BC-cut Plates 
These are the cuts which are characterised by 

zero inter-mode coupling but the temperature- 
frequency coefficients, positive in the case of the 
AC-cut and negative in the case of the BGcut, 
are large enough to prohibit these plates being 
used in applications requiring very high frequency 
stability. They vibrate in thickness shear mode. 

(iiz] CT- and DT-cut Plates 
The vibration of CT- and DT-cut plates, while 

it is of shear mode is not of the simple thickness 
shear mode of the BT and AT cuts. It is a diagonal' 
shear vibration which is a mode of vibration in 
which a pair of diagonally opposite comers of the 
plate move outward while the other comers move 
inward, and vice versa. Therefore, the frequency 
determining dimensions of CT- or DT-cut plates 
are very much larger than those of BT- or AT-cut 
plates resulting in the former having lower fre- 
quencies than the latter. See Fig. A.ll. 

Fig. A. I I. Diagonal Shear Mode of Vibration 
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CT-cut plates are used for frequencies in the range 200-1,000 kc/s and FT-cut plates in the 
range 200-500 kc/s and DT-cut plates in the range range 140-800 kc/s. 
70-400 kc/s. 

( iv)  ET- and FT-cut Plates 
I t  is possible to utilise overtone vibrations of 

CT- and DT-cut plates to obtain higher fre- 
quencies, but these modes of vibration do not 
necessarily have a zero temperature-frequency 
coefficient. Suitable orientations of cut can be 
found, however, which give zero temperature- 
frequency coefficient for an overtone vibration 
The ET cut provides a plate of zero temperature- 
frequency coefficient at  an overtone vibration 

Fig. A.12. GT-cut shown in relatlon to CT-cut 

approximately twice that of a CT-cut plate of the 
same dimensions. An FT-cut plate is a cut of 
similar characteristics in which the overtone 

(v)  G T - C Z ~  pl&s 
The cuts so far described in this section are all' 

cuts which are inclined to the Y and Z axes, but 
not to the X axis. There are, however, certain 
useful cuts in which there is inclination to all 
three axes. One of particular interest is known as 
the GT-cut. I t  can be considered as being derived 
from a CT-cut plate, the GT plate being cut from 
the latter in such a manner that the sides of the , 
GT plate are inclined at 45" to the edges of the CT 
plate (Fig. A.12). The distinctive characteristic 
of the GT-cut plate is that it exhibits very small 
temperature-frequency coefficient over a wide 
range of operating temperature, e.g., 0" C. to 
100" C. The plate vibrates in two coupled exten- 
sional modes, one along the width and the other 
along the length ; the former determines the 
frequency, and the relationship between the two 
determines the temperature coefficient. 

GT-cut plates are used for frequencies in the 
range 60-1,000 kc/s. They can be clamped a t  the 
face centre. The temperature-frequency character- 
istic of a GT-cut crystal is shown in Fig. A13. 

(vi) VW-cut Plates 
Another form of cut involves rotation about the 

X axis (as for the AT, BT cuts, etc.) and in addition 
a rotation about the Z axis. One of these cuts, 

Temperature in degrees cmtigrodr 

Fig. A. 1 3. Temperature-frequency Characteristic of GT-cut Crystal* 

vibration is approximately twice that of a DT-cut known as the VW cut, provides a zero temperature- 
plate of the same dimensions. frequency coefficient plate, of the high frequency 

ET-cut plates are used for frequencies in the * type, vibrating in thickness shear mode. 

* Reproduced from Quartz Crystals for Electrical Circuits b y  R. A. Heising and W. P. Mason (Bell Telephone 
Laboratories Inc.) By permission of publishers : D. Van Nostrand Co. Inc., New York. 
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(v i i )  MT- and NT-czd Plates 
These cuts are related to the X-cnt by a rotation 

about the X-axis and a second rotation about the 
lengtb axis of the crystal, the second rotation being 
greater for the NT cut than for the MT cut. MT- 
cut plates are used for frequencies in the range 
50-100 kc/s and NT-cut plates in the range 
4-50 kc/s. 

oscillate only between the resonant and anti- 
resonant points.) If the reactive component set 
up by the amplifier across the crystal unit is low 
the crystal will oscillate a t  a frequency very close 
to that producing the minimum impedance con- 
dition of Fig. A.14. On the other hand if the 
reactive component is high the frequency will 
be very close to that producing the maximum 
impedance condition. 

If the crystal holder has an air gap between 
Circuit Of OuartZ crystal plate and electrode the equivalent electrical Oscillator circuit includes a capacitance CA, Fig. A.15, 

A mounted quartz oscillator with contiguous representing the resultant capacitance between electrodes may be represented, for analytical plate and electrodes. The capacitance CA will purposes. by the equivalent electrical circuit shown affect the oscillation frequency but its value is in Fig. A.14. The lements of this equivalent % 
R L C 

-i ;i T+? ii 
co 

CO Fig. A. 15. Equivalent Electrical Circuit of Mounted 
Fig. A.14. Equivalent Electrical Circuit of Mounted Quam when "lder On Air Gap Or 

Quartz Crystal with Contiguous Electrodes Air Gaps 

circuit are determined by the mass, elasticity and 
the system of mounting of the crystal. L, is the 
effectivi: mass and C, the elasticity of the crystal 
transformed into electrical terms; C, is the 
static capacitance, including the stray capacitance 
of the holder; R, represents the internal losses 
in the crystal, losses a t  the clamping points and, 
if the crystal is mounted in air, losses due to the 
setting up of air waves. , 

The impedance set up between the terminals 
by the combination illustrated in Fig. A.14 will 
be a minimum a t  the resonant frequency of L, and 
C, in series and a maximum a t  the anti-resonant 
condition of the entire circuit. In practice the 
ratio C,/C, is large and consequently there is 
very small frequency separation between minimum 
and maximum impedance conditions. 

The frequency of oscillation obtained when the 
crystal unit is connected to a maintaining amplifier 
is determined not only by the parameters of the 
crystal unit but also by those of the amplifier. 
Under conditions of continuous oscillation the 
reactance of the crystal unit and the reactive 
component of the impedance presented to it by the 
amplifier must together total zero. (A crystal will 

large compared with C1 and its effect will con- 
sequently be small. 

The L, C and R values of the equivalent elec- 
trical circuit of a quartz oscillator are such as to 
give a very high Q value, much higher than that 
of a high-grade practical LC circuit. The latter 
might have a Q value no greater than 200 but 
G.P.O. Type 6B quartz-crystal units have Q 
values between 20,000 and 90,000, and G.P.O. 
Type W5 units have Q values of over 60,000. 

The phase anglelfrequency characteristic of a 
quartz crystal unit is therefore very much steeper 
than that of any practical LC circuit. 

Crystal Holders 
The final process in the production of a quartz- 

crystal oscillator unit is the mounting of the plate 
between two electrodes in a suitable holder. The 
type of holder used depends partly upon the 
frequency stability required and partly upon the 
mode of vibration of the crystal. Crystal holders 
used by the BBC may be grouped broadly as (a) 
holders in which the crystal is clamped. (b) holders 
in which the crystal is undamped. Clamped 
crystals are used in high-stability drive equip- 
ment~.  
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Fig. A. 16. G.P.O. Type-66 Crystal Unit. Complete Assembly 



Fig. A. 17. G.P.O. Type-6A CrystalVUnit. Component Parts of Holder -- 

ELECTRODE 

Fig. A. 18. G.P.O. Type-6A Crystal Unit. Mounted Crystal and Electrodes 



Fig. A. 19. G.P.O. Type-W5 Crystal Unit 
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G.P.O. Type-6A and Type-6B Crystal Units 
Type 6A and 6B units were originally used in 

BBC drive equipments a t  all low and medium 
frequency transmitters but since the implementa- 
tion of the Copenhagen Wave Plan in 1950 they 
have been replaced by G.P.O. Type W5 units. 

The Type 6A and 6B units were supplied by 
the General Post Office Engineering Department, 
an AT-cut crystal plate being used. It  has a 
thickness shear mode of fundamental vibration, 
with a nodal plane .bounded by the bisection of 
the'edges.of the plate. The crystal is clamped on 
its nodal plane and is held in a carriage by means 
of four clamping pins which engage in indents in 
the quartz plate. 

A photograph of an assembled Type 6B unit is . 
given in Fig. A.17. The Type-6A unit is similar 
in all essential respects and an illustration of 
the component parts is given in Fig. A.18. 

The holder is of the double air-gap type. The 
top electrode is a sputtered gold film on the 
underside of a glass disk, the bearing surfaces of 
which are made optically flat for fitting to the main 
stainless-steel block. The top erectrode is con- 
nected by a metal screw to a top terminal which is 
sealed to the disk. The lower electrode is a 
circular threaded metal boss which is screwed into 
the crystal-holding camage and is electrically 
in contact with the main body of the assembly. 
The gaps are adjusted during production by rota- 
tion of the lower electrode relative to the crystal- 
holding carriage, for adjustment of the lower gap, 
and by rotation of the crystal holding camage and 
the lower electrode together relative to the base 
for adjustment ,of the upper gap. 

The crystal vibrates in a partial vacuum (10 
crns. of mercury, reference 76 crns. atmospheric 
pressure), thus preventing air resonances, reducing 
damping and raising the Q-value of the equivalent 
electrical circuit. 

G.P.O. Type-W5 Crystal Unit 
The Type-W5 crystal unit was developed by the 

General Post Office Engineering Department to 
meet a need for crystal units in the frequency 
range 600 to 1,600 kc/s which were easier to 
produce than the Type-6B unit. A wider fre- 
quency range was also desirable to eliminate 
frequency multiplication. An AT-cut circular 
crystal plate with bevelled edges is used, with 
deposited electrodes, wire suspension and con- 
nection, and an evacuated glass envelope. The 

crystal vibrates in thickness-shear mode, the 
edge of the disc coinciding with the nodal plate 
for this mode of vibration. A photograph of a 
complete Type-W5 unit is given in Fig. A.19. 
Fig. A20 illustrates the crystal disk assembly. 

The electrodes are circular and consist of alu- 
minium deposited at the centre of each face of 
the disk. The electrode diameter is chosen to 
give suitable values for the crystal equivalent 
circuit elements.. At the two diametrically- 
opposite points of support the disk is cemented 
to flattened nickel tubes. The cement is 

Crystal Fig. A G.P.O. Ty~e-W5 Crystal Unit. 
Plate Assembly 

electrically conductive but satisfactory connection 
from the electrodes to the support wires is obtained 
by continuing the electrode plating in a strip 
from the electrode to the edge of the disk and 
over the joint between disk and support. 

Characteristics of Bevelled AT-Cut Disks as used 
in the Type W5 Crystal Unit 
The following information is quoted from 

Radio Report No. 1938 of the General Post Office 
Engineering Department :- 

' Measurements of the temperature coefficient 
of frequency have been confined to two main 
groups of plated quartz elements of frequencies 
900 and 1,214 kc/s, with a small number of other 
vibrators of frequencies 668, 692, 1,474 and 
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1,546 kc/s. In each case the angle between the 
plane of the plate and the Z crystallographic axis, 
the ZZ' angle, was measured, and Fig. A.21 shows 
the mean temperature coefficients or frequency 
over the temperature range 20 to 6S•‹C. for each 
group of two or more crystal elements of similar 
frequency, plotted against the ZZ' angle. The 
mean curve through the points, the broken line 

and the other approximately 21 mm diameter. 
Each group is distinguished by special points on 
the. drawing. One of 'the smaller diameter disks 
which falls well outside its group has a small 
spurioys response about + per cent. lower in 
frequency than the wanted response, which may 
explain the exceptional temperature coefficient. 
Fig. A.22 shows the value of ZZ' angle required 

* 
I 

IS' 
AnpMof cut 22' 

Fig. A.21. AT-cut Bevelled Disks. 22 mm. and 21 mm. Diameter. Frequency-Temperature Coefficient and 
Angle of Cut for Various Frequencies 

in each case, intersects the zero-temperature to give a near-zero temperature coefficient of 
coefficient ordinate at  ZZ' angle depending on frequency for various values of diameter-to- 
frequency and ratio of diameter to thickness. thickness ratio. This curve is based on the data 
Also, in each case, the curve has a slope of approxi- contained in Fig. A.21. 
mately - 0.07 parts in 10' per lo C. per 1 minute The following table gives typical equivalent- 
of arc change of ZZ'. The scatter on the points for circuit constants (see Fig. A.14) for bevelled 
Ihe 1,214 kc/s disks may be partly explained by AT-cut disks having contiguous* 13-5 mm. 
these being diyided roughly into two groups, diameter electrodes and mounted in evacuated 
one of overall diameter approximately 22 mm glass envelopes. 
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Angle o t  cut toqive zero frrquency-temptretun coetticknc 

Fig. A.22. AT-cut Bevelled Disks ; Angle of Cut to give Near-Zero Temperature Coefficient of Frequency Over 
Temperature Range 20 to 65" C 

Approximate 
Design Formulae 

for Similar 
Vibrator 

of Frequency f Mc/s 

0.016 x f ppF 
(3.4 f + 1-3 ppF) 

- 

Equivalent Typical Measured . Typical Measured 
Circuit Const. I Value f a  1,214 1 Value for 1,546 

kc/s Vibrator 

I 
Series Capacitance C, I-- 0.020 ppF 

kc/s Vibritm 

0.025ppF 

Maximum Resistance Rl 108 Q 1 160/f2 
Maximum Q 63,000 76,000 I - 

N.B.-Where it is desired to change the electrode area, the capacitances Cl and C, will vary iri pro- 
portion to electrode area. 

Shunt Capacitance C, 
Minimum Resistance Rl 

.5.4 ppF 6.7 ppF 
45 Q 27 n 
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The table also gives approximate formulae for 
calculating the equivalent-circuit constants at  
any frequency. 

Barccrystal Unit 
In this unit a wired-in bar-type crystal assembly 

is mounted inside an evacuated glass envelope. 

n 
QUARTZ 
PLATE 

Fig. A.23. G.P.O. Type-1 3 Crystal Unit 

An example of this type of unit is illustrated 
in Fig. A.23 which shows the G.P.O. Type 13 unit. 
In the unit shown, a DT-cut crystal with sputtered 

electrodes is supported at  its central nodal point 
by two wires. The glass envelope is cemented 
to an American Octal-valve base. 

Commercially produced crystal units of a similar 
type are used as sub-standards in frequency 
monitors at  BBC short-wave transmitting 
stations. 

Quartz Crystal Company's Type-1OX Unit 
The Type-1OX crystal unit, Fig. A.24, contains 

an undamped AT-cut quartz-crystal plate. The 
two metal electrodes are separated by an insulating 
spacer which also serves as a retaining- frame for 
the crystal plate. The assembly of electrodes, 
crystal and spacer is contained in a two-pin 
holder. The pins are connected to two metal 
liners in the holder and connection between the 
electrodes and these liners is effected bv means of 
a V-spring which makes direct connection from 
one liner to one electrode and is responsible for 
pressing on the assembly so that the other electrode 
maintains firm connection with the other liner. 

This crystal is used in the reserve drives of 
certain low-power transmitters. 



Fig. A.24. Type-IOX Crystal Unit. Complete Unit and Component Parts 
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BBC CRYSTAL-DRIVE EQUIPMENT TYPE-CP.17E 

Introduction 
The BBC crystal-drive equipment Type-CP.17E 

provides an r.f. output on frequencies between 150 
and 1,600 k/cs and has a very high inherent fre- 
quency-stability, the short-term stability being of 
the order of & 2-5/108 over a period of twenty- 
four houn. 

The apparatus comprises a group of rack- 
mounted units forming a self-contained installation 
designed to operate from a single-phase 50-cycle 
supply at selected voltages between 100 and 250 
volts. The equipment normally embodies a Post 
Office Type-W5 quartz crystal, although a few 
installations still contain the Post Office Type-6B 
crystal. 

n n n n  

u u u u  

--L 

DRIVE 
OUT - 

Fig. 8.1. Alternative Crystal-drive Arrangements for 
obtaining (a) Medium Frequencies and (b) Low 

Frequencies 

6 0 0  KCP-1600 KCIS 
(a) 

CRYSTAL 
OUTPUT 

AMPLIFIER 

- 

WEN 

The arrangement of the crystal and associated 
amplifiers shown in Fig. B. la is used for obtaining 
an output within the medium-frequency band of 
600-1,600 kc/s, the crystal frequency being the 
same as the required output frequency. Fig. B.1 b 
shows the arrangement to obtain an output in the 
low-frequency band of 150-600 kc/s, where a suit- 
able medium-frequency crystal is employed and 
the desired output frequency is produced by inter- 
posing a frequency divider between the crystal 
maintaiqing and output amplifiers. 

The crystal output amplifier is designed to work 
into a balanced non-reactive load of 100 ohms and 
will deliver approximately 6 watts r.f. power to 
such a load. The complete drive is designed to 

enable it to be set UD with a minimum of alteration 

- 
- 

for any output frequency within the limits of its 
two frequency ranges. 

Fig. B.2 shows the standard bay layout of the 
Type-CP. l7E drive In which the panel space bet- 
ween the crystal maintaining and crystal output 
amplifiers is occupied by either a link panel (600- 
1,600 kc/s) or a frequency divider ( 150-600 kc/s). 
The only unit not directly concerned with the r.f. 
drive itself is the 1.t. transformer panel, providing 
1.t. a.c. supplies for use with ancillary equipment 
which may be required on the bay for manual 
frequency checkilig or automatic frequency con- 
trol. Alternative layouts are indicated by the addi- 
tion of a letter to the type number. ~ & e f  details 
are as follows: 

CRYSTAL 
MNTNNINC 
AMPLIFIER 

Bay Type-CP. 17EA. Frequency-checking ap- 
paratus is installed in the upper part of the bay. 
It is fed with line tone and used when manually 
adjusting the drive frequency. 

r--- - - -  --. - A 1 , I / 8 

--?: 

Bay Type-CP. I 7EB. This has a crystal main- 
taining amplifier Type-CMJA, which is identical 
in circuit details with the Type-CM3 but is 
modified in mechanical details. The frequency- 
adjusting capacitor is fitted with a driving motor 
arranged for remote control. This bay is used 
where frequency checking and adjustment are 
carried out remotely at a nearby studio centre. 

Bay Type-CP.17EC. All drive units, except the 
meter and switch panel and the oven-tempera- 
ture relay, are slightly modified versions of their 
counterparts in a Type-CP.17E bay; this is 
indicated by adding the letter A to the unit type- 
numbers. The crystal maintaining amplifier is 
similar to that employed on the Type-CP.17EB 
bay, but the motor is controlled by an auto- 
matic frequency-checking unit operating in con- 

. junction with a 200 kc/s receiver and frequency 
divider. These latter units are mounted in the 
upper part of the bay and utilise the BBC 
200 kc/s transmission to provide automatic con- 
trol of the drive frequency at unattended or 
semi-attended stations. 

The Type-CP.17E drive has been in use since 
1941, during which time, except for the change in 
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the type of crystal used, only minor alterations have 
been made. The descriptions which follow refer to 
current practice (May 1953), but references are 
made to earlier equipment where applicable. Dif- 
ferences between units in the Type-CP.17EB and 

OVEN ALARM RELAYS 

METER AND SWlTCH PANEL 

CRYSTAL OUTPUT 
AMPLIFIER 

(SEE NOTE IN TEXT) 

CRYSTAL MAINTAINING 
AMPLIFIER 

CRYSTAL OVEN 
AND 

OVEN TEMPERATURE 
RELAY 

LT TRANSFORMER 
PANEL 

HT RECTIFIER 
AND 

LT SUPPLY 

TERMlNATlON PANEL 

Fig. 0.2. Standard Bay Layout. Type-CP. 17E Equipment 

CP. 17EC bays and their equivalent in the Type- 
CP. 17E and CP. 17EA bays are described. Where 
possible, these differences are explained with the 
aid of small detail diagrams. No information is 
given about the frequency divider used in layout 

Fig. B.lb, as this will be described in another 
Instruction. 

In general the circuit diagrams indicate the 
inter-unit connections, the letter abbreviations 
used being as follows: 

COA . . Crystal Output Amplifier 
CMA . . Crystal Maintaining Amplifier 
HRL . . H.T. Rectifier and L.T. Supply 
MRS . . Meter and Switch Panel 
OAR . . Oven-alarm Relay 
OHT . . Oven-heating Transformer 
OTR . . Oven-temperature Relay 
TMN . . Termination Panel 

Value Types 
All valves and voltage stabilisers are BBC pre- 

ferred types, and their positions are shown in the 
table given on page 37. 

Crystal Oven 
The high-frequency stability of the equipment 

is ensured by the type of crystal used and its 
operation in a temperature-controlled oven. The 
oven, in association with an oven-temperature 
relay, maintains the temperature of the crystal 
within close limits. During the operation of the 
thermal cycle, the maximum variation of inner- 
oven temperature is of the order of 0.01" C for 
ambient temperature changes of 5" C. 

The drive equipment at  main stations is usually 
installed in a room where the amliient temperature 
is controlled within 5" F of 70" F, and in these 
cases frequency changes due to ambient tempera- 
ture variations can be neglected. 

Conrlmtion of Oven 
The oven comprises three main parts, (a) an 

outer box inside which is (b) a heater assembly 
enclosing (c) the constant-temperature chamber 
containing the quartz crystal and holder. 

The outer box consists of two rectangular tinned- 
iron boxes, one inside the other, with a layer of 
Teniest heat-insulating material between them. The 
outer surfaces of both boxes are finished matt and 
their inner surfaces are finished bright, in order 
to minimise heat radiation from the heater assem- 
bly. The box has a removable back; Fig. B.3 shows 
the appearance of the oven unit when this is 
removed. 

The heater assembly comprises a cylindrical 
brass canister with heater mats fitted on all outer 
surfaces, including the removable lid. The outer 
and inner surfaces are finished matt-black and 
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Fig. 8.3. Crystal Oven Assembly and Frequency-adjusting Capacitor. Rear Covers Removed 

2 1 
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bright respectively. A tube fixed to the side wall 
carries a glass-mercury contact thermometer 
which operates with changes of temperature of the 
heater assembly and is used, in conjunction with an 
oven-temperature relay, to switch the supply for 
the heater mats. 

In the lid are two holes registering with other 
holes in the tops of both the outer box and the 
constant-temperature chamber. One set of holes 

thermostat, in a glass envelope, is mounted on top 
of the heater-assembly lid. Its contacts are closed 
under normal working conditions but open for 
temperatures exceeding 58-60" C. 

The complete heater assembly, mounted on 
bearers which slide between guides on the floor 
of the outer box, is shown in Fig. B.4. It  is essential 
that, prior to removing the assembly, the screened 
connection-tube and indicating thermometer are 

TO CMA 3 SEE FIG 5 
1 

C 2  loop EARTH OF 
O'SC CCT OSC VALVE CCT 

I I 
TUBE INSULATED FROM 

1 

) CONSTANT-TEMP€RATURE 

I CHAMBER 

i - - --TAG9 OTR 1 

TOP MAT - t-- -*TAG 25 MRS 

6 0  
-- -- OH14 SECONDARY 

Fig. 0.6. Schematic of Crystal Oven 

is for inserting a screened connection-tube to make 
connections at its lower end with a coaxial socket, 
whilst the upper end protrudes from the outer box 
for connection to the first stage of the crystal main- 
taining amplifier. The other holes are for inserting 
a glass-mercury indicating thermometer so that the 
bulb is within the wall of the constant-temperature 
chamber, whilst the upper part of the stem, bent at 
right angles to the lower part, lies horizontally in a 
grooved fibre block on the top of the outer box. A 

withdrawn from their normal positions. The 
assembly is also shown in a partly-dismantled 
condition in Fig. B.5. 

The constant-temperature chamber itself is a 
cylindrical cast-brass pot with a flush-fitting lid 
secured to a machined internal flange by four 
2 B.A. screws. The exterior is painted matt black 
and the interior has a bright machine-finish. Fixed 
to the underside of the lid is a brass bracket on 
which is mounted the quartz crystal as shown in 
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Fig. B.5. The crystal in this photograph is a 
G.P.O. Type-W5. 

To facilitate its removal the lid is provided with 
two tapped holes into which two fixing screws can 
be set and used for lifting. The constant-tempera- 
ture chamber is thermally insulated from the 
heater assembly by a tightly-gripping thick felt 
layer lining the heater-assembly canister. 

Oven Circuits 
There are four slightly different forms of oven 

circuit in use in Type-CP.17E drive equipments. 
The differences are in the circuit position of the 
thermostat and in the method of earthing the 
crystal and constant-temperature chamber. The 
latest form of crystal-oven circuit, incorporating 
both modifications, is included in the schematic 
given in Fig. B.6. Of the other three oven circuits 
still in use. one has neither of the modifications 
and two are modified in one only of the above- 
mentioned respects. These circuits can be regarded 
as obsolescent and they will be described by re- 
ference to Fig. B.6. 

When the thermostat was first added to the oven 
equipment it was connected in the heater circuit 
betieen terminal 6 and the  to^ heater mat. Later. 
the thermostat was placed in the alarm circuit, as 
shown in Fig. B.6. This later arrangement is only 
practicable, however, where the drive equipment 
includes an oven-alarm relay unit in which an 
Oven High condition causes de-energising of the 
oven-high alarm relav Y2. I t  is for this reason that 

L 2  

some older equipments, in which the relay is 
energised for an Oven High condition, still retain 
the thermostat in the heater circuit. 

Formerly the crystal and constant-temperature 
chamber were earthed through terminal 3 of the 
oven. Where the equipments were installed in an 
unscreened room it was found that frequency in- 
stability occurred due to r.f. feedback from the 
transmitter. This has been overcome by connecting 
the earth lead from the crystal directly to the earth 
of the oscillator-valve circuit. This is the con- 
nection used in new 'drive equipments, whether or 
not they are installed in screened rooms. Fig. B.6 
indicates the attachment of the earth lead at  the 

f0Uows: 
(i) Thermostat in heater circuit and crystal 

earthed to terminal 3; 
(ii) Thermostat in heater circuit; and 

(iii) Crystal earthed to terminal 3. 

Th Contact Tkmometer 
This device is a straight-stem mercury glass 

thermometer with four contacts set into the capil- 
lary tube so that they are bridged by the mercury 
column at the following temperatures: T1-T2 at 
45" C, T1-T2-T3 at 50" C and T1-T2-T3-T4 at 
55" C. 

Oven-heating Circuit 
Heating current is supplied by an oven-heating 

transformer situated at the front of the panel on 
which the oven and oven-temperature relay are 
mounted. 

In later models of this OHT4 unit a Type-BT.79* 
transformer is employed with 2-amp fuses fitted in 
the leads to the primary winding. This winding 
has tappings for 100 volts, 110 volts and 200-250 
volts in 10-volt steps, whilst the secondary windings 
are arranged to enable voltages between 60 and 
140 volts to be selected in 10-volt steps. The Type- 
BT.70 transformer still in use on some earlier 
equipments is fitted without primary fuses and has 
a primary winding with tappings for voltages the 
same as those of the Type-BT.79 and a secondary 
winding tapped for voltages of 100-170 volts in 
10-volt steps. 

The secondary voltage-tap of the oven-heating 
transformer is adjusted on installation to give a 
balanced thermal cycle for the average ambient 
temperature near the equipment. 

The heating current is switched on and off in the 
thermal cycle by the normally-open contacts of an 
oven-temperature relay Y1 which together with a 
valve comprise the main components of the oven- 
temperature relay unit. The circuif arrangement of 
this unit is such that the relay is controlled by the 
valve, which in turn is controlled by the contact 
thermometer in the oven. Details of the operation 
are given later; it is only necessary to state here 

upper end of the crystal connection-tube. The 
liad is either fastened'to a clip in contact with the * The BT.79 transformer is fitted on all Type-CP.17EC 
sputtered-metal surface of the tube or is soldered equipmen's and is used to provide a 50-voh d.c. supply for 

control purposes. This is obtained by taking a 60-volt a.c. 
to a close-fitting copper sheath surrounding the from the transformer secondary to a full-wave bridge- 
tube. type rectifier with a BpF electrolytic capacitor connected 

across the d.c. output, the positive side of which is earthed. The differences, the circuit Fig. B.6, in Units fitted with these extra components are indicated by the 
the three obsolescent ovens can be summarised as type-reference number OHT4A. 



INSTRUCTION T2 
Section B 

that the relay is energised for heater-assembly tem- 
peratures below 50" C and de-energised when the 
temperature reaches 50" C. 

The schematic in Fig. B.7 shows the latest form 
of oven-heating circuit, from which, as previously 
mentioned, the thermostat is excluded. The con- 
nections to the metering panel are for measuring 
the heating current, via an instrument transformer 
(TR), and the voltage applied to the circuit. 

In addition to the thermostat being connected 
in series with the heater mats, the 'safety' switching 
for the oven-high condition is performed by con- 
tacts of an oven-heat cut-off relay Y3. This is one 
of three relays fitted in the ,earlier models of alarm- 
relay unit employed with the circuit of Fig. B.8, 
the others being an oven-low relay Y 1 and an oven- 
high relay Y2. A circuit diagram of the unit is 
given in Fig. 4. 
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Fig. 8.7. Schematlc of Latest Oven-heating Circuit 

The oven-alarm relay unit employed with this With this system the interruption of the heating 
circuit has two relays only (see Figs. 2 and 3). In circuit is a two-stage process involving relays Y2 
this system the oven-high relay Y2 is continuously and Y3. Under normal conditions of the thermal 
energised under normal conditions of crystal tem- cycle relay Y3 is energised and contacts Y3 in 
perature and the Y2 contact in Fig. B.7 is closed. Fig. B.8 are closed. If a high-temperature fault 
If under fault conditions the mercury in the contact occurs and the m'ercury column in the contact 
thermometer reaches contact T4 (at 55" C) the thermometer reaches contact T4, the oven-high 

relay is de-energised, due to the coil being short- 
circuited through the contact thermometer, and 
relay contact Y2 opens to break the heating circuit. 
Complete details of the relay operation and the 
function of the thermostat, connected in the relay 
circuits, are given on page 27. 

The earlier, and now obsolescent, oven-heating 
circuit shown in Fig. B.8 differs in two respects 
from the circuit of Fig. B.7. 

relay Y2 is energised. Contacts J-K of this relay 
open in the operating supply of the oven-heat 
cut-off relay Y3, whose contacts open in the 
heating circuit. The thermostat Thl is provided 
as a safeguard in the event of the contact 
thermometer failing to operate, such as would 
happen with a broken mercury column. The 
thermostat contacts open in the heating circuit at 
58-60" C. 
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Oven-temperature Relay Unit Type-OTR.3 
(Fig. 1) 

The oven-temperature relay has its coil con- 
nected in the anode circuit of the oven-temperature 
relay valve Type-AC/SP3 with anode, suppressor 
grid and screen grid strapped so that it functions 
as a triode. The relay is shown in the alternative 
circuits of Figs. B.7 and B.8. A circuit diagram of 
the oven-temperature relay unit is given in Fig. 1 
and a schematic showing the bias-control arrange- 
ment for the valve is shown in Fig., B.9. 

There are two operating conditions for the valve, 
determined by the position of the mercury column 
in the contact thermometer. When the column is 
below contact T3, i.e. when the temperature at the 
contact-thermometer bulb is below 50" C, the 
valve has zero bias and its anode current is of the 
order of 10 mA. Under this condition the oven 
relay Y1 is energised and its contact is closed to 

OVEN RELAY 
VALVE 

- 
Fig. 0.9. Bias-control Circuit of Oven Relay Valve 

complete the heating supply. The second condi- 
tion occurs when the mercury column reaches con- 
tact T3 and connects a negative bias of 30 volts to 
the control grid of the valve, biasing it beyond 
anode current cut-off. This causes de-energising 
of relay Y1, and its contacts open to switch off the 
heating supply. 

For clarity Fig. B.9 exaggerates the clearance 
between the mercury-column tip from contact T3; 
in practice the mercury moves extremely short 
distances above and below the contact. 

Oven-alarm Relay Unit (Figs. 2 .3  and 4) 
The latest models contain two relays only and 

are produced in two forms, differing slightly in 
their circuit arrangement. Fig. 2 is a circuit dia- 
gram of the basic unit, Type-OAR.2BY used in 
driveequipmentsatattended or remotely-controlled 
transmitters. The modified circuit in Fig. 3 is 
employed only in alarm-relay units of Type-CP. 

17EC bays for unattended stations and is distin- 
guished by the-reference number OAR.2A. The 
original Type-OAR.2 unit with three relays is 
obsolescent; its circuit diagram is given in Fig. 4. 

(A) Type-OAR.2B Unit (Two-relay Type) (Fig. 2) 
The relays are an oven-low alarm relay Y 1 and 

an oven-high alarm relay Y2, the latter having one 
of its contact sets (D-E) connected in the oven- 
heating circuit (see Fig. 2). The relays are d.c. 
operated, their supplies being taken from the 30- 
volt bias rectifier in the h.t, rectifier and 1.t. supply 
unit and controued by the contact thermometer. 
Fig. B.10 is a schematic showing the arrangement 
of the contact-thermometer circuits. 

With a temperature of 45" C or over, connection 
is made through the mercury column between 
contacts T1 and T2 and the oven-low alarm relay 
Y1 is energised. Thus under normal oven-heat 
conditions,or with an Oven High condition, relay Y1 
is continuously energised. De-energising of the 
relay occurs if the temperature falls below 45" C, 
i.e. the Oven Low condition, and alarm conditions 
are then established as described later. 

For normal oven-heat conditions, the oven-high 
alarm relay Y2 is energised, the operating supply 
being completed through its self-holding contact 
A-B. Under an Ouen High condition of 55" C or 
over, the mercury column links contacts T1 and T4 
and short-circuits terminals 4 and 7 of the alarm- 
relay unit. Thus relay Y2 is de-energised and con- 
tacts D-E open in the oven-heating circuit whilst 
contacts J-K close to operate an alarm circuit 
which is described later. The holding contacts A-B 
open and ensure that the oven-high alarm relay 
cannot become re-energised when the short-circuit 
is broken as the mercury column falls below contact 
T4. Energising of this relay is delayed until the 
temperature has dropped to the Oven Low condition. 
Then the oven-low alarm relay becomes de-ener- 
gised and its contact B-C closes to complete the 
operating supply for the oven-high alarm relay, 
which locks itself on the supply once more through 
the holding contacts A-B. This feature was intro- 
duced as a precautionary measure particularly for 
use at an unattended transmitter. It ensures that, 
if a persistent fault sets up the Ouen High condition 
and staff are not available to give immediate atten- 
tion, the oven must cool down to the Ouen Low 
condition before the temperature starts to rise 
again. 

For the same reason the thermostat is connected 
in series with the operating supply for the oven-high 
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alarm relay. If the contact thermometer fails to 
short-circuit this relay under the Oven High condi- 
tion, the thermostat contacts will open and break 
the supply at the slightly higher temperature of 
58-60" C. 

On the alarm-relay unit are two test key-switches, 
connected so that they can be used to simulate the 
Ouen Low and Oven High actions of the contact 
thermometer. The oven-low test switch is normally 
closed and in series with the coil of relay Y 1, whilst 

relay panel are connected through the termination 
panel, to a battery and alarm bell. 

The operation of the relay contacts in these cir- 
cuits can be summarised as follows: 

Relay Y1 de-energised (Oven Low condition) 
Contacts E-F close and complete 6-volt 

supply for the oven-low 
red lamp P1. 

Contacts J-K close and complete 6-volt 
supply for the alarm bell. 
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Fig. 6.10. Schematic showing Connection of Two-relay Alarm Unit with Contact Thermometer 

the oven-high test switch is normally open and in 
parallel with the coil of relay Y2, as shown in Fig. 2. 
When the oven-high test key is operated and released, 
the oven-high alarm relay will not become ener- 
gised .due to its holding contacts A-B having 
opened. To restore this relay to the energised 
state it is necessary to break the supply to the oven- 
low relay momentarily to enable its contacts B-C 
to close; this is most conveniently done by opera- 
ting the oven-low test key. Thus, immediately after 
making an oven-high alarm test, the oven-low test key 
must be operated. 

Fig. B.ll shows the alarm and indication circuits 
in which relay contacts and the lamps on the alarm- 

Relay Y2 de-energised (Oven High condition) 
Contacts J-K close and complete the 

6-volt supply for the alarm 
bell. They also connect 
the positive side of the 
battery to contact N, and 

Contacts M-N close and complete the 
positive side of the supply 
to oven-high red lamp 
P2. This lamp then lights, 
as the negative return is 
already connected through 
contacts D-E of the oven- 
low alarm relay Y 1. 
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Where several drive bays are installed it is the 
usual practice to connect their alarm-relay con- 
tacts in common to the bell and battery on one 
particular bay. The purpose of contacts M-N is 
to ensure that, when this is done, the oven-high 
lamp on the affected bay only is illuminated. 

An alarm-cancellation switch is provided. When 
operated to the Alarm Cancelled position the switch 
breaks the supplhyf for the alarm 
bell and switches on the alarm-cancelled lamp P3. 

(B) Type OAR.2A Unit (Two-relay ;Type) (Fig. 3)' 
A circuit diagram of the unit, employed with 

drive equipment of unattended transmitters, is 
given in Fig. 3. The contact-thermometer opera- 
tion of the relays is identical with that of the 

Fig. 0. I I .  Alarm Bell and Lamp Circuits for Two-relay 
Oven-alarm Unit Type-OAR.20 

Type-OAR.2B unit already described, and the 
modifications are confined to the alarm and in- 
dication circuits. These comprise (i) short-cir- 
cuiting of the alarm-cancellation switch, (ii) dis- 
connection &e oven-high and alarm-cancelled 
lamps P2 and P3, (iii) the connection of the oven- 
low lamp P1 in the unearthed side of a 4.5-volt 
a.c. supply taken from the h.t. rectifier and 1.t. 
supply unit, which on the CP.17EC bay is a 
Type-HRL3A. The arrangement is shown in Fig. 
B.12. 

(C) Type OAR.2 Unit (Three-relay Type) (Fig. 4) 
Fig. 4 shows the circuit details of the earlier 

model of oven-alarm relay unit. This contains an 
oven-low alarm relay Y 1, an oven-high relay Y2 
and an oven-heat cut-off relay Y3, all being d.c. 
operated by the 30-volt bias supply provided from 

theeh.t. rectifier and 1.t. supply unit. The oven- 
low and oven-high relays are controlled by the 
contact thermometer, the arrangement being shown 
in Fig. B. 13. This circuit is similar to that of Fig. 
B.10 except for the connections to the oven-high - 
relay coil and the omission of the thermostat con- 
nected in the heating circuit. 

As in the two-relay circuit, the oven-low alarm 
relay Y 1 is energised under normal working condi- 
tions due to the mercury column bridging contacts 
TI and T2 for oven temperatures of 45" C or more. 
Relay Y1 has two contact sets, both of which are 
open with the relay energised. A fall of tempera- 
ture below 45" C causes de-energising of the relay, 
and the contacts close to bring the alarm and in- 
dication equipment into operation. 

- TO ALARM 
0K)DE a 

RELAY SYSTEM 

I 0 --- - 5 1  

Fig. 8.12. Alarm Circuits for Type-0AR.U Unit 

The oven-high relay is not normally energised, 
as its coil supply is completed only for the Oven 
High condition. This occurs when the mercury 
column bridges contacts T1 and T4 at tempera- 
tures of 55" C or over. The relay has three contact- 
sets, two normally open and one normally closed, 
the latter being used to switch the supply to the 
coil of the oven-heat cut-off relay Y3, to whose 
operation reference is made on page 26. 

The two test key-switches are on the front of the 
unit and, as in the two-relay units, the oven-low 
switch is normally closed whilst the oven-high 
switch is normally open. The connection and 
operation of the oven-low switch is identical with 
that in the later model of the oven-alarm relay 
unit, the switch being used to break the coil circuit 
of relay Y1 in order to test the operation of the 
alarm system. The similarity ends there, as the 
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method of operatiorr of the oven-high relay' YE contact thermometer for the Ouen High condition, 
necessitates the oven-high test switch being con- namely energising of relay Y2. 
nected in series with the relay coil and, effectively, Fig. B.14 shows the interconnection of contacts 

I HEATER MATS I 
I 
I 
I 

I 6 L T  SUPPLY I 
I 
I 
I 

Flg. 8.13. Schematic showing Connection of Three-relay Alarm Unit with Contact Thermometer 

across contacts T1 and T4. Thus closing this test 
switch has the same effect as that produced by the 

OAR 9 TMN 5 

Fig. 8.14. Alarm Bell and Lamp Circuits for Three- 
relay Oven-alarm Unit Type-OAR.2 

on relays Y1 and Y2 with the alarm-indication 
lamps, an alarm bell and a 6-volt battery. 

De-energising of the oven-low relay Y1 causes 
its contacts to close, one completing a supply to 
the alarm bell and the other compl ting a supply 7s to the oven-low red lamp P1. S i m  arly, when the 
oven-high relay Y2 is energised its contacts close 
in supplies to the alarm bell and oven-high red 
lamp P2. 

Crystal Maintaining Amplifier (Figs. 5 and 6) 
There are two types of crystal maintaining 

amplifier in current use, namely the Type-CMA.3 
and the Type-CMA.3A. Both consist of an oscil- 
lator, a limiter, and a separator stage using Type- 
AC/SP3 valves and a Type-D42 diode in the 
limiter circuit. 

The Type-CMA.3 amplifier is used with drives 
where the crystal frequency is manually adjusted, 
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that is on the Type-CP.17E and Type-CP.17EA 
equipments. There are two slightly different ver- 
sions of the Type-CMA.3 amplifier. In these there 
are variations in component types and slight 
changes in component values, the later amplifier 
using resistors of preferred value where possible. 
Circuit-diagrams of the two versions of the Type- 
CMA.3 amplifier are given in Figs. 5 and 6, the 
latter being included chiefly because of the ex- 
tensive alterations in component numbering. 

The later of the two Type-CMA.3 amplifiers 
(Fig. 5) is supplied from a Type-HRL.3B unit, in 
which provision is made for voltage-stabilising the 
h.t., for the crystal maintaining amplifier only, at 
approximately 250 volts. There is no special 
arrangement in the Type-HRL.3 supply unit used 
with the amplifier of Fig. 6, the 300-volt h.t. being 
taken in common with other equipment on the bay. 

The Type-CMA.3A amplifier is fitted on drives 
arranged for remotely-controlled adjustment of 
frequency (Type-CP. 17EB bay) or for automatic 
frequency-control (Type-CP. 17EC bay). The am- 
plifier  is^ identical with the latest version of the 
Type-CMA.3 (Fig. 5), and the addition of 'A' to 
the type number denotes that extra components 
are fitted for the motor drive for the frequency- 
adjusting capacitor. When installed on Type- 
CP. 17EB bays the amplifier is fed with a stabilised 
250-volt h.t. supply from an HRL.3B supply unit, 
as described above. On Type-CP.17EC bays, 
however, the amplifier is fed with a stabilised 
250-volt h.t. supply from a modified supply unit, 
Type HRL.3A. 

The following description applies to all versions 
of the amplifier: 

Oscillator Stage 
The theoretical design of the oscillator stage is 

described in Appendix B. 1. 
The Type-AC/SP3 valve is operated as a tetrode, 

the anode and suppressor grid being strapped 
together. 

Limiter Stage 
The anode of the Type-AC/SP3 limiter valve is 

connected through choke-capacitance coupling to 
two potential dividers in parallel, from which 
voltages are taken to the anode of the diode and to 
the grid of the separator valve respectively. In 
the later-versions of the CMA.3 amplifier (Fig. 5) 
the resistors at the low-potential end of the poten- 
tiometers are of the preset variable type, whilst in 
the earlier versions (Fig. 6) they are fixed resistors. 

The diode functions as a half-wave rectifier, the 
d.c. output of which is filtered and applied as 
grid bias to the oscillator valve in order to obtain 
amplitude limitation of the oscillator output. 

Separator Stage 
This stage uses a Type-AC/SP3 valve operating 

in Class A and has two functions. First. it provides - .  
the requisite excitation for the crystal output 
amplifier or frequency divider. Second, it acts as 
a buffer stage, preventing the oscillator stage from 
being affected by variations in loading. 

The output is taken from the secondaq of a 
tuned-primary r.f. transformer designed for a load 
im~edance of 100 ohms. Alternative specifications 
are available for the output transformer, depending 
on the frequency of operation as shown in the 
component lists of Figs. 5 and 6. 

Motor Drive for Frequency-adjusting Capacitor (Type- 
CMA.3A Amplt~%~) 

The motor-drive assembly for the capacitor (C2 
in Fig. 5) is mounted on the right-hand side of the 
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Fig. 0.15. Motor Circuits of Type-CMA.3A Amplifier 

slow-motion dial at the front of the amplifier. The 
motors are the impulse type consisting of an electro- 
magnet and an armature to which is attached a 
pawl for operating a toothed wheel in one direc- 
tion. Both motors are used to actuate a single 
toothed-wheel and are mounted so that their pawls 
move it in opposite directions. A pulley wheel, 
fixed to the same shaft as the toothed wheel, acts 
as the friction drive for the slow-motion dial. The 
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motor connections, terminating on a socket at  the 
right-hand rear of the unit, are shown in Fig. B. 15. 

Link Panel 
This panel is fitted on Type-CP. 17E drive bays, 

between the crystal maintaining and crystal output 
amplifiers, when the output frequency lies between 
600 and 1,600 kc/s. At its rear are two pairs of 
sockets, the pair near the lower edge of the panel 
being strapped to the pair near the upper edge. 
Four U-links are provided for making connections 
from the sockets to similar sockets on the panels 
of the maintaining and output amplifiers. The U- 
links are drilled to facilitate the connection of 
measuring equipment by means of banana-type 
plugs. 

When an output frequency in the 150-600 kc/s 
band is required, a frequency divider is fitted in 
place of the link panel. As previously mentioned, 
frequency dividers will be included in a separate 
Instruction. 

On some installations the link-panel space has 
been utilised for mounting a crystal oscillator, 
Type-COU.4, in which case the CMA and COA 
units are linked by a length of Type-BA.3 cable. 

Crystal Output Amplifier (Fig. 7) 
The crystal output amplifier is driven from the 

crystal maintaining amplifier or from a frequency 
divider. It is designed to provide an output of 6 
watts into a balanced, non-reactive load of 100 
ohms. 

It consists of a single stage employing two AL60 
valves connected in parallel and working in Class 
A. Incorporated in the amplifier is a diode valve, 
Type D42, which is used to measure the r.f. output 
voltage. 

The amplifier is designed to operate over the 
complete raAge of the drive (1 50-1,600 kc/s) with- 
out any adjustment. This wide-band characteristic 
is achieved by employing specially-designed input 
and output transformers, T1 and T2, and by the 
use of negative feedback. The frequency-response 
characteristic of the amplifier is substantially level 
between 14Q kc/s and 2 Mc/s. 

There are three versions of the output amplifier 
in current use. The main differences are in the 
output-coupling arrangement and the method of 
obtaining negative feedback. 

The latest version, given in Fig. 7, is used in 
Type-COA.2 amplifiers fitted to the Type-CP. 17E, 
Type-CP. 17EA and Type-CP. 17EB bays. The 
same basic circuit is used in the Type-COA.2A 

amplifier fitted on the Type-CP.17EC bay for un- 
attended transmitters but includes additionally an' 
automatic output-switchi'ng circuit, described later 
in this Instruction. In these amplifiers, current 
negative feedback is obtained by omitting the by- 
pass capacitor from the common cathode resistor 
R9. The output is choke-capacitance coupled via 
a Type-TDSITR26 output transformer unit. 

The output circuit of Fig. 7 is also shown in 
Fig. B.16 to facilitate comparison with the dia- 
grams on the next page showing the output-circuit 
arrangements of the two earlier versions. Com- 
plete circuit diagrams of these two amplifiers will 

Fig. 8.16. Output-coupling Circuit for Latest Version 
of Type-COA.2 Crystal Output Amplifier 

not be given in view of their similarity. (N.B. In 
many instances the reference numbers of com- 
ponents in Fig. 7 do not apply to components in the 
earlier versions.) 

In the original output amplifier T2 is a Type- 
EB.45 transformer with the primary connected in 
the anode circuit of the parallel-connected valves, 
as shown in Fig. B.17a. Negative feedback is 
applied by injecting the voltage developed across 
a tertiary winding on the output transformer into 
the common cathode lead from the two valves, 
i.e. the winding carries their anode and screen 
currents. The components R10, C1 and C2 are 
the automatic-bias resistor and its decoupling 
capacitors. 

Choke-capacitance feeding of the output trans- 
former, was adopted when . the Type-TDS/TR26 
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unit was first used. This output circuit is shown 
in Fig. B.176. In this circuit negative feedback is 
obtained by a similar method to that in the original 
circuit, but the output-transformer secondary is 
balanced to earth by a centre-tap connection and 
the bias resistor R10 is of a 'preferred' value. 

In the latest version (Fig. 7), apart from the 
change in the method of producing negative feed- 
back, there is a simplification of the h.t. current- 
metering circuit. Only one connection is taken 
from the meter shunt R10 to the metering panel, 

Output Change-over Switching for Type- 
CP.17EC Bays 

The Type-CP.17EC bay for unattended trans- 
mitters is equipped with an automatic change-over 
circuit enabling the output of a reserve drive to be 
switched to the transmitter in the event of the 
main drive failing. The circuit employs two relays, 
one being mounted in the output amplifier whilst 
the other is fitted on the termination panel. Circuit 
details are shown in Fig. B. 18. 

The amplifier output circuit is wired to the 

TO 
SCREEN SCREEN 
GRIDS METER GRIDS 

TO TO 
ANODES ANODES 

TO 
CATHODES CATHODES 

Fig. 8.17. Output-coupling Circuits for Type-COA.2 Crystal Output Amplifiers. (a) Original Version, 
(b) a Later Version 

at  which the common (supply) side of the shunt 
is connected directly. 

In all versions the diode circuit for metering 
the output is arranged as shown in Fig. 7. The 
diode has a shunt load which is open-circuited 
(excepting on the Type-CMA.3A amplifier), until 
a meter is connected in series with it, by placing 
one of the two switches on the metering panel to 
the Out + 10 position. The mean d.c. in the load 
circuit is proportional to the peak output voltage 
and can be altered by changing the value of the 
load resistor R 11 (R9 on the earlier versions). 
During installation this resistor is adjusted to a 
value which gives accurate readings of r.m.s. out- 
put voltage. 

termination panel for connection through U-links 
to the alternative positions, Line A, Line B and 
Dummy Load, in a similar manner to the other 
Type-CP.17E bays. The Line A terminals are, 
however, connected to a d.p. change-over relay 
to which is taken also the output from the reserve 
drive. 

The coil of the relay in the output amplifier is 
connected as a shunt load for the Gutput-metering 
diode. With normal output from the main drive 
the relay is energised sufficiently for one of its 
contacts to complete the 50-volt supply for the 
change-ver relay on the termination panel, whilst 
the other opens in the alarm-circuit connection 
(see Fig. B.12). Thus, the change-over relay is 
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energised and connects the main drive to the trans- 
mitter. 

Failure of the main drive causes de-energising of 
the changeaver relay and results in its' contacts 
operating to the normal position, where the reserve 
drive is switched to the transmitter. 

H.T. Rectifier and L.T. Supply Unit (Fig. 8) 
There are four versions of the h.t. rectifier and 

1.t. supply unit in present use, three of which com- 
prise an early and two successively later forms of 
the Type-HRL.3 unit fitted on all drive bays 
excepting the T ~ ~ ~ - C P : ~ ~ E C .  A diagram of the 

(6) L.T. a.c. supplies for the heaters of valves 
in the crystal-drive equipment only. 

(c) 30-volt d.c. supply for operating the oven- 
alarm relays and as bias for the valve in 
the oven-temperature relay circuit. 

(A) The Type-HRL.3B unit contains two power 
transformers TRI and TR2 with their primaries 
paralleled for feeding in common through a pair 
of fuses. TRl  has two secondary windings, one 
feeding the h.t. rectifier circuit and the other the 
30-volt rectifier circuit. TR2 has four secondary 
windings, providing separate 1.t. ax. supplies for 
use with various units on the .bay. 

TO METERING 
PANEL 

! I ,  ---- J 

TAG NUMBERS ON 1 
6-WAY CONNB 

Fig. 6.18. Automhtk Output Change-over Clrcult for Type-CP. 17EC Bay 

OUTPUT 

latest circuit is given in Fig. 8; the letter 3 has 
been added to the type number to distinguish it 
from the two earlier circuits. The fourth is a 
Type-HRL.JA, used on Type-CP. 17EC bays for 
unattended transmitters and having one slight 
modification to the circuit shown in Fig. 8. 

The later circuits do not differ radically from 
the earliest design, and all four are described below 
with the aid of Fig. 8. 

All units provide the following supplies: 
(a) H.T. d.c. for anodes and screens of all 

valves, including those in frequency- 
checking apparatus, if fitted. 

. ..... ~ 

RLI 
I I k  I 

I 
RESERVE DRIVE 

I) 

The h.t. rectifier is a full-wave type employing 
two UU5 valves, each with two anodes strapped 
to serve as a half-wave rectifier; the d.c. output 
passes to a choke-input filter circuit. The 30-volt 
d.c. supply is obtained from a half-wave arrange- 
ment with two H.10 metal rectifiers (copper-oxide 
type) connected in parallel. The positive side of 
the supply is earthed. 

The h.t. rectifier has a nominal output voltage 
of 300 volts, and this is applied to all units re- 
quiring h.t. supplies with the exception of the 
crystal maintaining amplifier. The latter is fed with 
a voltage-stabilised supply from a potentiometer 
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chain across the 300-volt output. The lower end 
of the chain comprises two Stabilivolt tubes con- 
nected in series, and the sum of their operating 
voltages (255 volts) is the h.t. voltage for the crystal 
maintaining amplifier. The correct method of 
setting up the stabilising circuit is to adjust R6 for a 
current of 25 mA through the Stabilivolt tubes, 
with the mean mains-voltage for t h  installation position 
applied to the primary of T R  1. This enables the 
stabilisers to operate over a range of f 20 mA 
without exceeding their current rating or becoming 

Terminals 

component 

externally as follows: 
Terminal 12: To tag 6, OTR 
Terminal 13: To tag 6, FM.3 (if used) 
Terminal 14: To tag 6, CMA.3, and tag 

1, MRS 
Terminal 15: To tag 6, COA.2, and S.2, 

LTT 
All components in this unit are identical in type 

with their counterparts of the Type-HRL.3B 
circuit. 

The distinctive feature of the original Type- 

Table 1 

Sec. Voltage 

5.0 V (5-0 A) 

4.OV (1.5A) 

5.0 V (4.0 A) 

5.0 V (4.0 A) 

Fuse Nos. and 
Nominal Rating 

10 A 

5 A  

10 A 

5 A  

Table 2 

extinguished. Resistor R4 is a shunt for measuring 
the current through the stabilisers at the metering 
panel. 

(B) The Type-HRL.3 unit which immediately 
  receded that described above has the circuit of 
hg. 8 without the potentiometer circuit across the 
h.t. output. The crystal maintaining amplifier 
takes its h.t. supply at 300 volts (nominal) in 
common with other units; there are four instead of 
two h.t. terminals strapped together and connected 

Rating 

500 V working 

150 V working 

3 W 

Wiring Colour 

Blue 

Orange 

Green 

Slate 

T.C.C. Type-702H 

T.C.C. Type-CE.35FE 

Erie Type-RMA.0 

HRL.3 circuit is the fitting of pairs of fuses on each 
'of the 1.t. a.c. outputs, this practice being aban- 
doned in the two later designs. The TR2 position 
in the unit is occupied by a Type-BT.64 trans- 
former which gives slightly higher voltages than the 
Type-BT.78 on three of the four secondaries to 
allow for voltage drop across the fuses. The 1.t. 
a.c. terminal numbers and external-connection 
references are as shown in Fig. 8. Other details 
are given in Table 1 above. 
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The arrangement of the 30-volt d.c. and h.t. 
rectifier circuits is similar to that of Fig. 8, without 
the voltage stabiliser for the crystal maintaining 
amplifier. There are four h.t. positive terminals, 
as for the other obsolescent model, and a separate 
h.t. negative terminal (2) connected to the earth 
terminal (3). Other minor differences in com- 
ponents are given in Table 2, page 35. 

(C) The HRL.3A has the circuit of the HRL.3B 
unit, given in Fig. 8, but with one modification in 
respect of the TR2 secondary winding connected 
to terminals 10 and 11. The centre tap of this 
winding is left disconnected and an earth is con- 
nected to that side of ,the winding connected to 
terminal 10. The other end of the winding, ter- 
minal 1 I, is connected to the oven-low alarm 
lamp P1 in the OAR.2A alarm-relay unit (see 
Fig. B. 12). 

Meter and Switch Panel Type.-MRS (Figs. 9-11) 
The meter and switch panel Type-MRS carries 

two switched meters for making routine measure- 
ments of current and voltage on various circuits. 
There are three forms of this panel in use, the 
circuit arrangement of the latest being shown in 
Fig. 9. The circuits of the original panel and a later 
version are given in Figs. 10 and 1 1. On all three 
diagrams a bracketed number has been added to 
the title to indicate the order of succession. 

On each panel the two meters are both 0-1 
milliammeters with an internal resistance of60 ohms 
f 1 %. The left-hand meter is for measuring cur- 
rent and is scaled 0-200 mA, whilst the right-hand 
meter is for measuring voltage and is scaled 0-500 
volts. The positions of the six-way switches asso- 
ciated with these meters are marked where neces- 
sary with a division or multiplication factor to be 
applied to the scale reading. 

The panel MRS(3) (Fig. 9) is fitted only on bays 
where the crystal maintaining amplifier is fed with 
voltage-stabilised h.t., at  approximately 250 volts, 
from a Type-HRL.3B supply unit shown in Fig. 8. 
The only important difference from earlier models 
is in the current-measuring circuits which are 
arranged to permit measurements on the 250-volt 
supply in addition to the 300-volt supply for the 
crystal output amplifier. The measurements ob- 
tainable at this panel are: 

Left-hand Meter 
Position 1 : Anode current of oven-tempera- 

ture relay valve. 

Anode ~ l u s  screen current of the 
oscillator valve and screen-poten- 
tiometer current in the crystal 
maintaining amplifier. 
Anode plus screen current of limi- 
ter valve in crystal maintaining 
amplifier. 
Anode plus screen current of sepa- 
rator valve in crystal maintaining 
amplifier. 
Current through Stabilivolt tubes - 
in h.t. rectifier and 1.t. supply unit 
HRL.3. (NOTE. This reading 
does not include current taken by 
the valves in positions 2, 3 and 
4.1 
Total anode plus screen current of 
the two valves in the crvstal out- 
put amplifier. 

Right-hand Meter 
Position 1 : A.C. supply volts. 

2: Oven-heating supply volts. 
3: Bias-supply volts. 
4: H.T. rectifier output volts (300- 

volt line). 
5: R.F. output volts (r.m.s.) of the 

crystal output amplifier. 
6: Oven-heating current. 

Meter panels with the circuits of Figs. 10 and 11 
are obsolescent but are still employed on drive bays 
fitted with the earlier models of HRL.3 unit with 
an h.t. rectifier providing a 300-volt supply in 
common to the crystal maintaining and output 
amplifiers. Both panels have switching positions 
similar to those listed above except that position 
5 on the left-hand meter is for measuring the total 
anode and screen current of a frequency divider if 
fitted on the bay. 

Maintenance Notes 
Replacement of Oscillator Valve 

The crystal maintaining amplifier is designed to 
minirnise the effect of valve interelectrode capaci- 
tances on the frequency of oscillation. No appre- 
ciable alteration of frequency is likely to occur, 
therefore, from small changes in the values of the 
capacitances resulting from a change of oscillator 
valve. Despite this probability, a frequency check 
should be made as soon as conveniently possible 
after the change. 
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Meter Readinps - 
Only two meters are provided on the equipment, 

but the comprehensiveness of their switching 
arrangements makes them very useful for detecting 
faults. 

Any abnormal change in a meter reading should 
be investigated at  once, as it might indicate the 
inception of a fault which later could become ob- 
vious in another way. An example of this is an 
increase above normal of the anode current of the 
oscillator valve in the crystal maintaining amplifier; 
this could occur from loss of negative bias due to 
failure of the diode valve in the associated limiter 
circuit. 

In the intervals between routine logging of 
meter readings, the left-hand meter switch should 
be left a t  position 1 and the right-hand switch in 
position 5. The left-hand meter will then indicate 
the anode current of the oven-relay valve, the 
reading rising and falling with the breaking and 
making of the mercury column and the T3 contact 
in the contact thermometer. This will provide a 
visual check on the thermal cycle. The right-hand 
meter will provide a continuous check on the r.f. 
output voltage. 

I t  is important to include the temperature shown 
by the indicating thermometer in each routine 
check of the various readings. 

The specimen readings listed below are intended 
only as a guide and not as the standard to which the 
readings on all drive bays should conform. Some 
readings shown are the average of the figures ob- 
tained from several drive bays, for example the 
h.t. current of the crystal output amplifier, which 
varied to the extent of 20 mA from the figure given. 
Oven-heating current is not included in the list 
because its value is capable of wide variation, de- 
pendent on the voltage taken from the oven-heating 
transformer (see page 25). As the total resistance 

Table 3 I 
H.T. Rectifier and L.T. Supply . . 

Crystal Maintaining Amplifier . . 3 

Crystal Output Amplifier . . . . 
Oven-temperature Relay . . . . 1 

of the heater mats is 240 ohms (Fig. B.6), the 
current will, be approximately 400 mA with a 100- 
volt heater supply. The various r.f. voltages were 
measured with a valve voltmeter having a high 
input impedance. 

H. 7 .  RectiJier and L. T. Supply 
H.T. voltage: 

No load . . . . . . . . 470 V 
Normal . . . . .. . . . 310V 

Stabiliser current . . . . .. 25mA 
Bias voltage . . . . .. 30V 

C~ystal Output Amplijier 
L.T. voltage . . . . . . 4.0 V 
Anode and screen current (total) 140 mA 
Input voltage (r.f.) . . . . 3-0 V r.m.s. 
Grid voltage (r-f.) . . . . 8.0 V r.m.s. 
Output voltage (with dummy 30 V r.m.s. 

load) 
Oven-temperature Relay 

L.T. voltage . . . . . . 4.0 V 
Anode current: 

Zero bias . . . . . .  10.0-mA 
- 30 V bias . . . . . . zero 

C y t a l  Maintaining Amplzjk 
L.T. voltage . . . . . . 4.0 V 
Oscillator (anode-plus-screen 8-0 mA 

current) 
Limiter (anode-plus-screen 11.5mA 

current) 
Separator (anode-plus-screen 12.0 mA 

current) 
Crystal voltage (r.f.) . . . . 0.5-2.0 V 
Oscillator grid voltage (r.f.) . . 0.8 V r.m.s. 
Limiter grid voltage (r.f.) . . 0.6 V r.m.s. 
Separator grid voltage (r.f.) . . 0-5 V r.m.s. 
Diode input volts (r.f.) . . . . 3.0 V r.m.s. 
Output voltage (across 100-ohm 3-0 V r.m.s. 

, resistive load) 

Valves I Voltage Stabilisers 

Stabilisers are fitted in the Type-HRL.3B (Fig. 8) and HRL.3A units only. 

3 7 
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APPENDIX B1 

CRYSTAL MAINTAINING AMPLIFIER. THEORETICAL CONSIDERATIONS 

General 
The essential features of any oscillating system 

are: (i) a frequency-determining device (in this 
equipment it is a quartz crystal); (ii) an energy- 
supplying system to meet the losses in the crystal 
and associated components and connections; (iii) 
an amplitude limiter. 

A full theoretical discussion and analysis of the 
form of an oscillator circuit used in the Type- 
CP. 17E drive equipment can be found elsewhere.* 
This appendix deals only with the main principles. 

The crystal plate will be maintained in con- 
tinuous oscillation only if its losses are overcome. 
The equivalent electrical network of the mounted 

E E 

(a) (b) 

Fig. B I. I. (a) Ideal Equivalent of Continuously Oscil- 
lating System. (b) Equivalent Circuit of Continuously 

Oscillating System as obtained in Practice 

crystal plate is given in Fig. A.14 on page 9 of 
Section A. The shunt capacitance Co is very much 
greater than C,, consequently the frequency of 
minimum impedance is virtually the frequency of 
resonance of L, and C, in series. 

Oscillating System as obtained in Practice 
The essential function of the maintaining (oscil- 

lator) valve is to feed energy to the crystal to meet 
the losses. In Fig. Bl.la the network to the left 
of GE represents the equivalent network of the 

* G.  G.  GOURIET. 'High-stability Oscillator.' Wireless 
Engineer, April 1950. 

mounted crystal plate plus the frequency-adjusting 
capacitance C. The effect of the maintaining valve 
in feeding energy to this network can be simulated 
by introducing a negative resistance ( -  R,) into 
the 'systed, as shown in the figure. Ideally the 
maintaining valve should present an impedance 
comprising this negative resistance only. Then the 
frequency of oscillation would be determined by the 
values of L,, C, and C, and would be the fre- 
quency of resonance of this combination. 

In practice, and as shown below, the impedance 
presented to GE by the maintaining valve contains 
a negative reactive component as well as a negative 
resistive component. This is indicated in Fig. 
Bl .l b, where the equivalent of the maintaining 
valve is shown as a series combination of capaci- 
tance C, and negative resistance - R,. The capa- 
citance C,, which necessarily affects the frequency 
of oscillation, should be as large as possible in 
order that the deviation of frequency from the fre- 
quency of resonance of L,, C, and C shall be very 
small and also in order that any variation in the 
parameters of the maintaining valve shall have 
negligible effect on .the frequency stability. 

Fig. B 1.2. Simplified Schematic of Maintaining Valve 
Input Circuit 

The function of the amplitude limiter is to pro- 
vide a condition of stable equilibrium at a small 
amplitude of oscillation. I t  is necessary to operate 
on a small, substantially linear part of the charac- 
teristic curve of the maintaining valve to minimise 
harmonic generation. I t  is important that har- 
monic generation should be minimised because 
intermodulation between, harmonic components 
affects the value of the reactive component of the 
impedance of the maintaining valve, with con- 
sequent influence on the oscillation frequency. 



INSTRUCTION T2 
Section B 

Poge reisstred Septeniber 1964 

The Oscillator Stage 
The derivation of the impedance presented by 

the maintaining valve and associated components 
to the series combination of mounted crystal and 
frequency-adjusting capacitance is as follows: 

With reference to Fig. B1.2, imagine the crystal 
to be replaced by a generator providing an r.f. 
voltage E at terminals GE. 

Let = impedance looking into CE 

- X, = reactance of C, 

- X, = reactance of C, 

g, = mutual conductance 

I, = current supplied by generator 

I, = r.f. component of anode current 
( = grneg) 

Substituting for e, in (3) : 
e, = - jIlX4 - IlgmX3X4 

Substituting for ec and e, in (2): 
E = -  jIlX3 - jI,X4 - 11gmX3X4 ... (4) 

Substituting (4) in (I) ,  simplifying and re- 
arranging: 

<, = - grnX3X4 - j(X, + X,) ..... .(5) 

Substituting X3  = IlwC, and X, = l/wC, in 
(5) and simplifying: 

The first term of (6) represents the negative 
resistive component, and the second the negative 
reactive component. By inspection of the second 
term it will be obvious that the capacitance C, 
shown in Fig. Bl. lb is equal to the capacitance of 
C, and C, in series. 

For a stable oscillating condition the numerical 
value of the negative resistance must be equal to 
the loss resistance of the crystal. Calling the loss 
resistance R,: 

whence 

Thus, for a given frequency and a stable oscillating 
condition, the capacitors C, and C, must have a 
capacitance product determined by the mutual 
conductance of the maintaining valve and the loss 
resistance of the crystal. 

Choice of values for C, and C, are dependent on 
two considerations: 

(a) It  has been previously stated that C, should 
be as large as possible. For a given product 
of C, and C,, the capacitance of C3 and C', in 
series (which is the capacitance of C,) is a 
maximum when C, equals C,. 

Then from (7):  

(b) The input voltage between grid and cathode 
of the maintaining valve is a function of C,. 

In practice both considerations are taken into 
account and values are chosen for C, and C, which 
will give the largest value of C, consistent with the 
input volts required a t  the maintaining valve. 

The impedance <, has a negative phase angle of 
tan-' (I /wC,/R,). Under a stable oscillating 
condition the phase angle round the whole loop 
shown in Fig. Bl. 1 b is zero, from which it follows 
that the impedance of the crystal plus the fre- 
quency-adjusting capacitance must have a phase 
angle equal and opposite to that of &. The phase- 
anglelfrequency characteristic of the crystal is 
exceedingly steep, and the necessary phase angle is 
produced by the crystal oscillating at a frequency 
higher than the frequency of crystal resonance but 
very close to it. 

JR. 0453 
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SECTION C 

CRYSTAL OSCILLATOR UNITS TYPES COU4A AND COU-4B 

Introduction 
The above-mentioned equipments are variants of 

the now-obsolete COU-4 Crystal Oscillator Unit, 
designed as a completely self-contained precision 
transmitter drive featuring simplicity and com- 
pactness. They operate with single-phase power 
inputs and are adjustable to suit voltages in the 
conventional mains-supply range. 

The parent COU-4 type became available with 
alternative h a 1  stages producing different output 
powers, one at 4 watts (EF55 valve) to drive a 
transmitter directly and the other at 0.25 watt 
(EF50 valve) to feed a separate power amplifier. 
Altering the frequency of operation necessitated 
readjustment of a tuned output circuit. 

The COU-4A unit was evolved for special 
application as a sub-standard frequency source at 
one of the h.f. transmitting stations. It provides 
harmonic generator multipliers with inputs at 
sub-multiples of certain carrier frequencies ; further 
explanation is with the information about this 
type. 

Changed requirements have led to the COU-4 
equipment being totally superseded by the COU4B 
unit. Basic design is similar, but the derived type 
has a wide-band transformer instead of a tuned 
output circuit and is capable of giving constant 
output over the range 500 kc/s to 1,600 kc/s. 
Production of a reduced-power version (0.25 watt) 
has been discontinued. 

All the original COU-4 drives have been modified 
to the COU-4B design. As a production change 
the later COU-4B models are fitted with miniature 
valves (B9A and B7G instead of B9G and British 
Octal types); this involved some minor component- 
value changes as specified subsequently. By their 
use an increased output power of 5 watts is 
obtainable without driving the output valve into 
grid current. 

General Features 
The construction and layout of the unit is 

indicated by photographs in Figs. C.1 to C.3. The 
main panel is 229 in. by 44 in. and components on 
its front and rear are protected by removable outer 
covers which are 74 in. deep. With these covers 

off, as in Fig. C.l, many of the components are 
directly accessible and to allow access to others, 
without circuit interruption, there is a system of 
hinged sub-panels; the sub-panel hinging is clearly 
shown in Figs. C.2 and C.3. Mechanical construc- 
tion differs slightly in later models (from Serial 
No. 261 onward) but this does not affect component 
layout. 

The crystals are based on a G.P.O. design. When 
manufactured by the G.P.O. they are designated 
type W5, which is described and illustrated in 
Section A of this Instruction. Other manufacturers 
have produced these crystals and coded them as 
follows: 

Make Type 
Brooks .. CD/l 
Cathodeon . . 8K 
Salford . . AT/QC991 

The crystal is mounted in a temperature- 
controlled oven, together with frequency-adjusting 
and coupling capacitors; see Fig. C.4. In certain 
instances extra capacitors are included to band- 
spread the crystal and so reduce the range of 
control of the capacitor (C2) for fine adjustment 
of frequency. 

The oscillator circuit is based on that of the 
CP.17E drive equipment, described in Section B 
of this Instruction*. The usual COU4B con- 
figuration differs from that in the COU-4A, as 
shown by complete circuit diagrams of these 
equipments in Figs. 12 and 13 respectively. 

The oven has a rectangular shape and is designed 
to utilise the type of heating mats fitted in CP.17E 
drive equipments. The top and bottom mats are 
as on the bottom of the CP.17E oven, with the 
surplus asbestos cut away. The oven is shown 
completely assembled in Fig. C.l and in a partly- 
dismantled state in Fig. C.2; the heating circuit is 
included in both Fig. 12 and Fig. 13. 

*Also see:-High-Stability Oscillator; G. G. Gouriet, 
Wireless Engineer, April 1950. 
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Reference No. 
1 

Figs. C.l to C.4 

KEY 

Descrbtion 
Oscillator Maintaining Valve V1 
Limiter Valve V2 
Output Valve V3 
H.T. Rectifier V4 
Oven Output Junction Box 
Dial of Frequency-adjusting Capacitor C2 
Meter Switch Knob 
Oven Alarm Lamp LP2 
Oven Cycle Lamp LP1 
Oven Control Relay RLl 
Capacitor C20 
Capacitor C21 
Contact Thermometer 
Oven 
Upper Heater Mat 
Inductor L3 (COU4B only) 
Oven Alarm Relay RL2 
Inductor L1 
Crystal R.F. Output Plug 
Constant-temperature Chamber 
R.F. Output Socket 
Top Cover Plate of Oven 
Diode MR1 
Output Transformer 
Unit Connector 
Barreter 
Inductor LA 
Quartz Oscillator Unit 



Fig. C. I .  Typical COU-4 Construction: General View of Unit with Outer Covers removed 



Fig. C.2. Typical COU-4 Construction: Showing Front Sub-panels hinged out and Oven Assembly partly dismantled 





Fig. C.4. Typical COU-4 Construction: Assembly inside Constant-temperature Chamber 
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Thermal insulation is provided at both ends of 
the oven. Better insulation is precluded by space 
limitations but, with the front cover of the unit in 
place and a normal oven-heat cycle, a sufficiently- 
balanced oven temperature is maintained over an 
ambient-temperature range of 60" to 75" F. The 
front cover gives protection against air currents 
and should not be removed unless that is obligatory. 

The inner-oven assembly is attached to the oven 
front-panel and can be pulled out after four side 
screws and an earthing tail have been removed; 
this can be done without interruption of electrical 
circuits. Taking the cover off the inner assembly 
provides ready access to the crystal and associated 
components as in Fig. C.4. 

Oven Heating and Alarm Cucnits Figs. 12 and 13 
This description applies wholly to Fig. 12 

(COU4B) and is relevant to Fig. 13 (COU-4A) in 
all but one indication-circuit detail mentioned 
subsequently. 

Oven Heating Circuit 
Heating current is taken from the a.c. supply via 

two pairs of fuses, one pair common to the mains- 
transformer feed for deriving valve-operating 
supplies. It  is switched by an oven control relay 
(RLI) and stabilised by a barreter which, according 
to circumstances, may be either of two types. The 
alternatives are Osram types 161 and 302, the first 
rated at 160 mA and the second at 300 mA. Choice 
depends on (a) general ambient temperature around 
drives, (b) the number of drives installed one 
above the other, and (c) the proximity of other 
equipment on the bay. 

Generally the barreters are allocated as follows: 

InstaZZation Condition T Y P ~  

A single drive . . . . . . . . 302 

Two drives together on bay, with other 
equipment . . . . . . . . 161 

Three or more drives mounted together . . 16 11302 

For the last condition the particular mixture of 
types is determined by trial and error to obtain 
oven-heat cycles that are as balanced as possible 
in all drives. 

Where three or more drives are mounted as a 
column it is customary to fit them with front and 
back covers which have expanded-metal strip in 
their top and bottom faces. The extra ventilation 
is normally necessary to allow correct choice of 

barreters and to obtain reasonably balanced oven 
heat cycles. 

The oven-heating current is not metered because 
it is stabilised, but operation of the oven-heating 
cycle is signalled by lamp LPI. In the COU-4B 
(Fig. 12) this lamp is a filament type to which a 
6-volt mains-transformer supply is made by contact 
RL1-2 of the oven control relay. The COU-4A 
(Fig. 13) has a neon lamp for the same purpose; 
see explanation with amending information for this 
unit. 

Fig. C.5 shows how the oven control relay is 
operated by energising its coil (OHRI) from the 
h.t. positive line via a resistor (WE). While oven 
temperature is below 45" C the coil is energised 
because thermometer contacts t l  and t3 are not 
linked through the mercury column. Thus the 
two relay contacts are closed, one in the heater 

OHR l 
CONTACT 

THERMOMETER ?-- +H7 

Fig. C.5. Coil Circuit of Oven Control Relay 

supply and the other in the supply to oven-cycle 
indicator LPl. At oven temperatures of 45" C and 
above, the coil is short-circuited through the 
mercury column and the relay contacts are open 
to disconnect both heater and indicator-lamp 
supplies. The current changes in R28 owing to 
these alternations have negligible effect on h.t. 
voltage. 

There is no secondary control to cover the 
possibility of a broken mercury column failing to 
short-circuit the oven control relay at 45" C and 
also failing to operate an Oven High alarm at 
50" C. With that fault the continuous heating is 
capable of raising the oven temperature to a 
levelling-off value of about 60" C. 

Note that h.t. supply failure makes the oven 
control relay inoperative even if the a.c. mains 
supply is available. 

Oven Alarm Circuit 
This circuit also 

contact-thermometer 

47 

utilises the h.t. supply and 
connections to operate oven 
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alarm relay RL2. Fig. C.6 gives the essential 
circuit arrangement. 

The oven alarm relay has two similar windings 
connected in the series-opposed sense such that 
operation is possible only with one winding 
energised. One relay-contact set provides local 
indication by switching the 6-volt mains-transformer 
supply of oven alarm lamp LP2. The other set is 
used as a remote-alarm facility giving the option 
of promoting an alarm by either a make condition 
or a break condition. The required condition is 
chosen by external connection from the appropriate 
two of three terminals to which these change-over 
contacts are wired. 

While oven temperature is between 40" and 
50" C the relay winding nearest to earth is short- 
circuited by the mercury that bridges thermometer 
contacts t l  and t2. Thus the relay is operated 
because the other winding is energised. 

OAR 2 
CONTACT 

THERMOMETER 

Fig. C.6. Oven Alarm Relay-coil Circuit 

If oven temperature falls below 40" C the 
mercury column loses connection with t2 and 
consequently, as both windings are energised, the 
relay releases to the de-operated state. The 
oven-low condition is signalled locally by com- 
pletion of the LP2 supply and remotely by traveller 
transfer that links terminals 6 and 7 instead of 
terminals 6 and 8;  see positions of RL2 contacts 
in detailed circuit diagrams. 

The oven-high condition is reached at 50" C and 
is signalled as already described. In this instance 
the relay becomes de-operated because both 
windings are short-circuited through the mercury 
between thermometer contacts t l  and :4. 

Oven Alarm Tests 
The metering and alarm test switch, item 7 in 

Fig. C.l and S2 in the complete circuit diagrams, 
has Low and High settings common to a Test 
inscription. These are for simulating contact- 

thermometer action so as  to de-operate the alarm 
relay in the different ways applying to oven-low 
and oven-high conditions. The switches included 
for illustrative purposes in Fig. C.6 are shown as 
disposed at settings other than the two mentioned. 
The Low setting open-circuits the t2 connection 
and both relay windings are energised, whereas at 
the High setting there is the equivalent of tl-t4 
bridging by which both windings are short- 
circuited. 

Operational Stages (COU-4B) Fig. 12 
These stages exist in forms having different 

valve complements and otherwise differing in a 
few relatively unimportant respects which are 
mentioned in description. The Fig. 12 diagram 
applies to the later (miniature valve) model and 
its component table is supplemented by amending 
information about the original model. 

Where possible the further description is general- 
ised by quoting valve circuit-references rather than 
the type numbers, which are: 

Original 
'luge 1 1 Modd 1 Later Model 

Within brackets are the particular types used 
ordinarily. Nominal output powers are 4 watts 
(EF55) and 5 watts (EL84) without grid current in 
the final stage. 

Oscillator . . 
Limiter . . 
Output . . 

Oscilla lor Circuit 
This circuit is similar electrically to that in the 

CP. 17E drive equipment, excepting the valve type 
and the connection of the inner-oven box to the 
maintaining valve. Appendix B1 of this Instruction 
deals with the principle of operation for this type 
of oscillator. 

The frequency-determining capacitors (C2 paral- 
leled with CI) and coupling capacitors (C3 and 
C4) are with the crystal in the inner-oven assembly, 
and therefore are subject to temperature control. 
The usual arrangement is shown in Fig. C.7(a). 
In some instances where the crystal frequency is 
greater than 1 Mc/s there are extra circuit elements 
to bandspread the frequency-determining com- 
bination; see C18 and C19 in Fig. C.7(b). These 

V1 

V2 

V3 

EF50 

EF5O 

EF55 

CV4014 (Brimar 6064) 

CV4014 (Brimar 6064) 

CV2975 (Mullard EL84) 
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are introduced to enable C2 to exercise finer 
control over frequency than would be possible 
with the circuit of Fig. C.7(a). Further explanation 
is with the information under Setting-up Procedure. 

Earthing of the inner-oven box is avoided 
because, owing to  its smallness, that would provide 
considerable stray capacitance to earth from the 
high-potential side of the crystal. Thus it would 
be impossible to maintain oscillation over the full 
range of frequency-adjusting capacitance without 
varying the values of C3 and C4. This difficulty 
might be overcome by interchanging the electrical 
positions of the crystal and C2, at the expense of 

(item 5 in Fig. C.l) on the outer-oven front panel. 
To maintain proper thermal insulation the tag 
blocks are interconnected by four 30 s.w.g. wires 
in slots along a length of Tufnol rod (&-in. 
diameter). The wiring is coded by p.v.c. sleeving 
to the following standard : 

Sleeving T.B. Ref. Connection 

Red . . . . T I Test Voltmeter test point 
Green . . .. A G ToVIgr id  
White . . , . I3 / C To Vl cathode 
Black . . . . C E To earth 

GREEN B ~ C K  

WHITE T RED 

Fig. C.7. Inner-oven Circuits: (a)  Basic and (b) Bandspread, and Tag Blocks in (c) Inner Oven and 
(d) Junction Box on Front Panel of Oven 

losing the facility for measuring crystal r.f. voltage. 
Instead, the box is connected to the A-terminal 
point so that stray capacitance between crystal and 
oven operates across C3 in series with C4, a 
combination having relatively low impedance. As 
one side of the crystal is earthed the voltage 
across it is easily measurable by a high-impedance 
valve voltmeter. 

The metal case of the outer-oven box is earthed 
for screening purposes. 

The crystal and associated capacitors are con- 
nected externally via two tag blocks as shown in 
Fig. C.7(c) and (d), the rectangular one in the 
inner oven and the circular one in a junction box 

The alternative terminal references on the right 
are those found in some commercially-made units. 

From the junction box is taken a screened flexible 
cable terminating in a plug suiting the input socket 
of the maintaining-valve stage. 

Note: Fig. 12 gives the preferred value (2.2 
kilohms) adopted for R3 in the miniature-valve 
version; the corresponding item in the original 
model has a value of 2 kilohms. 

Limiting Stage 
V2 operates in Class A and acts as a separator 

in a conventional aperiodic amplifying circuit. 
Limiting is provided through an extra output 
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coupling to feed a diode (MR1) which produces 
bias for V1. 

The MRl output is adequately filtered to ensure 
there is no unwanted inter-stage coupling and is 
applied as grid-cathode bias to the maintaining 
valve. Positive bias for the diode is taken via 
R16 from V2 cathode and so an r.f. input above 
a certain minimum voltage is necessary to promote 
conduction. Note that V 1, with negligible cathode- 
circuit resistance, depends entirely on the limiting- 
bias source and is capable of passing excessive 
current if the diode loses its input. This condition, 
whether from a fault or by disconnection of the 
crystal circuit, should not be allowed to persist for 
longer than necessary. 

Working bias is sufficient to make the frequency 
of oscillation of the crystal-and-maintaining circuit 
practically independent of valve and power-supply 
variations. Means of bias-voltage adjustment is 
unnecessary with the types of crystal used. Slight 
bias variations may occur for wide variations of 
output loading, as V2 is the common r.f. source 
for both the output stage and limiter circuit, but 
this has negligible effect on the frequency of 
oscillation. 

The r.f. voltage across the choke (L2) in V2 
anode circuit is applied to the final stage via C15 
to R14 and R15 in series. The first resistor is a 
range limiter for the second, with which the input 
to V3 is pre-set. 

Output Stage 
The Cwatt and 5-watt outputs with different 

valves in the V3 position, as previously specsed, 
are nominal maxima which the stage is capable of 
delivering (a) into a 100-ohm load, (b) over a 
range of 500 kc/s to 1,600 kc/s, and (c) without 
grid current. Apart from cathode resistor R17 
having a value appropriate to valve type the only 
circuit difference is that the miniature-valve version 
(Fig. 12) lacks R20, connected in the h.t. feed of 
the original model; see component table and 
supplement. 

The wide-band transformer (type DRB76) is 
mounted in a can, together with a 400-pH inductor 
in series with the primary winding. The inductor 
is to compensate for increasing transformer losses 
at the higher frequencies and so prevent a fall in 
output power. Connection of this coil between 
the primary and the valve anode is essential. If 
the connections are reversed, putting the coil 
nearest to the h.t. line, it is not possible to obtain 
full output power as stated. 

The r.f. output of the unit is taken from the 
transformer secondary via a socket on the hinged 
rear sub-panel. This provides extended screening 
as well as good termination for the output feeder 
(normally DR68 cable). 

Operating Supplies and Metering Circuits (COU-4B) 
Fig. 12 
The mains transformer feeds a conventional 

full-wave h.t. rectifier circuit and also provides two 
1.v. supplies for valve heaters and indication 
facilities. Slight differences between the original 
and later models result solely from their types of 
h.t. rectifier, which are: 

Ref. Original Model Later Model 
V4 UU6 CV5076 (EZ8 1) 

Unlike the CV5076 in Fig. 12, the UU6 has a 
4-volt heater and the cathode is connected to one 
side of the heater, at pin 1 of the British Octal 
layout. Consequently the transformer is a type 
with a 4-volt (1.5A) winding to suit the rectifier 
and a 6.3-volt winding in connection with other 
valves (B9G) and the lamps. Owing to the 
electrode arrangement the Cvolt winding is positive 
to earth by the voltage at V4 cathode. 

The six-position switch associated with the 
edge-scale meter is marked as follows: 

Position Legend 
1 v1 I. i 10 
2 V2Tk+ 10 
3 v 3  I k  + 4 
4 H.T. Volts x 2 
5 
5 High Low ) ~ e s t  

The last two are the ion-metering settings 
which, as already explained, are for use with the 
alarm relay. 

Typical D.C. Readings (COU-4B) 

VI  anodecurrent ( r n ~ )  . . 1 
;:* I 245' V2 cathode current (mA) 9 

Reading 

- 

V3 cathode current (mA) 42 

H.T. volts (V) . . . . 
* Varies according to activity of crystal. 

Original Model 
(EF501EF55 

Valves) 

Later Model 
(Miniature 

Valves) 
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Note: Normally the switch should be left at 
position I so that the meter continuously indicates 
the oscillator anode current. 

Type COU4A Unit Fig. 13 
The type COU-4A drive was originally designed 

to act as a sub-standard frequency source for use 
with type HGM-2 harmonic generators at Rampis- 
ham h.f. transmitting station. Carrier frequencies 
of 9.510 and 17-810 Mc/s were obtained with the 
COU4A producing a 1-volt output at 4.755 and 
4.4525 Mc/s respectively. 

The first COU-4A circuit resembled that of the 
COU-4 (0.25-watt version) excepting the addition 
of a pre-setting capacitor for tuning limiter-stage 
anode choke L2 to the fundamental frequency of 
the crystal. Operationally also it differed in having 
the tuned primary of the output-stage transformer 
adjusted to select the second harmonic of crystal 
frequency, instead of the fundamental. 

This doubling process became unnecessary when 
the HGM-2 was replaced by the HGM-4 type, 
requiring inputs in the range 700-1,400 kc/s. A 
continuing need for high-stability crystal oscillators 
at h.f. stations was met by incorporating modifi- 
cations into new COU4A units, to improve their 
performance rather than make use of the COU4B. 

The present COU-4A unit is mechanically 
similar to the COU4B. It uses miniature valves 
and operates in the range 700-1,400 kc/s with 
crystals as in the COU-4B. The output stage has 
a wide-band transformer and produces between 
1 and 2 volts across an internal 100-ohms load. 

Further description is confined to amending 
information relative to previous details of the 
COU4B. This comparative treatment mentions 
extra components introduced into some circuits 
but ignores differences in equivalent-component 
values. 

Oven Heating and Alarm Circuits (COU-4A) Fig. 13 
The one difference is the use of a neon lamp, 

connected to the h.t. positive rail through R34, as 
oven-cycle indicator LPl. This modification is to 
reduce variations in the 6.3-volt supply for valves 
in the operational stages, by relieving that supply 
of intermittent loading by a filament-type lamp. 

Operational Stages (COU-4A) Fig. 13 
Oscillator Circuit 

This is a so-called Tri-tet arrangement, in which 
g2 of Vl acts as the anode of a triode oscillator. 
The g3 electrode is directly earthed for screening 

to reduce the coupling between the oscillator 
section of the valve and the output circuit. This 
assists in minimising the effect of any load variations 
on the frequency of oscillation. 

The type of oscillator circuit is essentially as in 
the COU-4B drive, but the stage includes frequency- 
compensating elements to produce a reasonably 
flat gainlfrequency response at the input to 
limiter valve V2. Response at the lower end of 
the range is improved by negative feedback applied 
through R5 in the cathode circuit. To prevent 
undue fall in gain at the upper end of the range, 
inductor L5 is placed in series with anode load R5; 
see Chapter 3 (Shunt Inductance Circuit) in Volume 
2 of Television Engineering (Television Training 
Manual). 

Limiter Stage 
This is a straightforward amplifier stage, also 

incorporating shunt inductance compensation (L2, 
R31) for high frequencies. As in the COU4B, 
the coupling to the final stage is through a voltage- 
divider and only part of V2 output voltage is 
developed across RVI, to adjust the input of V3. 

The output to derive bias for V1 is associated 
with a circuit differing from the COU-4B counter- 
part. R16 is used in applying the r.f. signal to 
MRI and this rectifier is positively biased from the 
junction of R20/R21 across the h.t. supply, instead 
of from V2 cathode. Thus the rectifier conducts 
for less than half of each cycle of r.f. input. The 
negative voltage so obtained is smoothed by C13, 
R12 and C12 in passing to the grid of V1. 

The combination of (a) flat gain/frequency 
response over the oscillator and limiter stages and 
(b) the method of biasing the diode ensures that 
the limiting voltage on V1 grid is kept constant 
throughout the frequency range. Consequently 
the crystal has a much larger ratio of limited/ 
unlimited volts, as measured at the oven test-point, 
and operates under the best condition for stability. 

Output Stage 
This is a wide-band amplifier stage, like that in 

the COU4B but using a type 6064 valve because 
the required output is only 1 to 2 volts across 
100 ohms. 

The unit has to drive up to three HGM-4 
equipments in parallel and yet work without 
external connection when not in use. Wide 
variation in loading is avoided by permanent 
connection of a 100-ohms resistor (R32) across 
the output-transformer secondary winding. Adding 
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the paralleled inputs of the harmonic generators 
has little effect on performance; see reference to 
output-voltage adjustment, under Setting-up 
Procedure. 

Operating Supplies and Metering Circuits (COU-4A) 
Fig. 13 
Supply arrangements are identical to those in 

the COUllB using miniature valves. The metering 
circuits differ in the value of shunt associated with 
V3 and therefore position 3 of the selector switch 
is marked V3 Ik + 10. 

connection is by either 22 or 24 s.w.g. tinned copper 
wire and in no circumstances should a wire of heavier 
gauge be used. The wires have to be sleeved to the 
standard coding tabled on page 49. 

All capacitors in ovens must be the types 
specified in component tables for Figs. 12 and 13. 
A footnote to each table gives the complement of 
capacitors to be used either singly or in combina- 
tion for the purpose of obtaining the requisite C4 
capacitance. 

Measurements must be undertaken with a high- 
impedance valve voltmeter, preferably the type 

Fig. C.8. Wiring in Crystal Ovens: (a)  Basic Circuit Arrangement and (6) Bandspread Circuit Arrangement 

Typical d.c. figures are: 
VI anode current . . 2-6* mA 
V2 cathode current . . 12 mA 
V3 cathode current . . 10 mA 
H.T. volts . . . . 350 V 

* Varies according to activity of crystal. 

Setting-up Procedure (COU-4A and COU-4B Units) 
These notes are intended for use in setting up 

either a COU-4A or COU4B drive on a new 
frequency, but they may equally serve as a guide 
during investigation of faults which appear to be 
due to the crystal and associated network. 

The method of wiring crystals into ovens is 
shown in Fig. C.8; the (a) and (b) diagrams indicate 
practical forms of the basic and bandspreading 
circuits in Fig. 7 (a) and (b) respectively. Inter- 

TF.1300 (Marconi Instruments). The locations of 
these meters are individually notified to transmitting 
stations. 

AGustrnenl of Crystal Operating Voltage 
While carrying out tests it is essential to observe 

the following precautions: 

-Always secure the inner-oven lid properly to 
ensure that its screws do not catch on the 
thermometer pocket. 

-At all times push the oven fully home and 
make sure that the earth tail is attached. This 
earthing is important to give the normal 
condition, with capacitance that exists between 
the earthed outer oven and the inner oven 
(bonded to VI grid). 
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-Do not leave the operational stages (Vl-V3) 
powered for long periods while the inner-over 
circuit is disconnected; V1 current is excessive 
in that circumstance. 

-Defer final adjustments until the crystal has 
been working at normal operating temperature 
for at least 24 hours. 

(a) Measuremen r of Unlimited Voltage 
With the valve voltmeter connected between the 

crystal test point and earth, the differing conditions 
for this measurement are : 

In COU4B : R12 short-circuited 
In COU-4A : C12 short-circuited 

The reading should not exceed 15 volts r.m.s. 
for any setting of the fine frequency-control 
capacitor C2. Subject to a permissible minimum of 
6 volts r.m.s., the aim should be to keep the crystal 
voltage as low as possible consistent with obtaining 
a good limiting condition; see next sub-section. 

(b) Measurement of Limited Voltage 
This is taken as before, but with the short-circuit 

removed. The value shown by the meter depends 
on the activity of the crystal and is normally 
between 0.5 and 2-0 volts r.m.s. It should never 
exceed 3 volts r.m.s. 

Adjustment of C4 
A value for C4 is chosen to satisfy requirements 

set out in the (a) and (b) measuring procedure. 
Usually it is sufficient to alter C4 in 1,000-pF 
steps but with some crystals it is necessary to 
change in steps of 500 pF. The C4 value must 
never be less than 1,000 pF or greater than 8,000 pF. 

If the crystal fails to operate with capacitances 
inside the stated limits, the first step is to change 
oscillator valve V1 and/or limiter valve V2. If 
these changes given no improvement then, provided 
all components are satisfactory, the crystal should 
be changed. 

For most crystals the ratio unlimited/limited 
volts is between 4 : I and 10 : 1. In those crystals 
with poor activity the ratio can be as low as 2 : 1 
and for extremely active crystals it may be as high 
as 30 : 1. 

A rough test to determine whether the crystal is 
behaving normally is to stop it oscillating by 
putting a finger on the crystal test point. On 
removing the finger the crystal should start 
oscillating again almost at once. 

Banhpreading 
Capacitors CI and C18 

For crystals with frequencies below 1 Mc/s the 
value of C1 is 50 pF and C18 is not required; this 
applies also to non-bandspread circuits using 
crystals with frequencies above 1 Mc/s. 

With such circuits the correct-frequency setting 
of fine frequency control C2 should be in the 
36-180 degrees portion of the scale when the 
crystal is at working temperature. The crystal 
should also be capable of adjustment to the 
correct frequency when cold, and for this condition 
the C2 setting can be between 0 and 180 degrees. 

Bandspreading is normally applied to reduce the 
effect of the variable capacitor C2 so as to achieve 
tighter control in setting up the crystal frequency. 
It may also be applied where, with the normal- 
operating setting inside the prescribed limits, it is 
not possible to adjust to the correct frequency 
under the cold-crystal condition. 

Usual values for bandspreading are 20 pF for C 1 
and 100 pF for C18. In exceptional circumstances 
the facility to adjust the cold crystal to the correct 
frequency has been dispensed with to obtain very 
fine control of frequency. In these instances C1 
and C18 are each 50 pF. 

Capacitor C19 
The crystal should be allowed 24 hours to settle 

down before final adjustments to determine a 
value for C19. 

Starting with a value of either 50 pF or 60 pF, 
the adjustments should continue until the control 
setting is between 36 and 144 degrees with the 
oven hot, and between 0 and 180 degrees with the 
oven cold. 

The C19 value normally lies between 40 pF and 
90 pF, and it is usually sufficient to alter capacitance 
in 5-pF steps to obtain a reasonable operating 
condition. Steps of 1 pF are necessary when 
dealing with the special circuits in which C1 and 
C18 are both 50 pF; see end of previous sub-section. 

Adjustment of Output Voltage 
COU-4A Unit 

The best method is to parallel three harmonic 
generators (type HGM-4) at the drive output and 
then adjust RV1 to give a minimum of 1 volt 
r.m.s. across the input to each HGM-4. With this 
setting the voltage measured across R32 alone 
will be between 1.5 and 2.0 volts. 
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COU-QB Unit 
The adjustment is made with the drive working 

into a non-inductive dummy load of 100 ohms; 
the Welwyn type CLAO resistor is suitable for the 
purpose. 

For either version of the unit the standard 
output power is 4 watts and therefore RVI is set 
to give 20 volts r.m.s. across the dummy load. 
With the miniature-valve version only (using an 
EL84 valve in the output stage) it is permissible to 
raise output power if a transmitter needs more than 
4 watts to drive the input stage. As a maximum 
which should not be exceeded the output voltage 
can be increased to 23 volts r.m.s., corresponding 
to about 5.25 watts. 
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2 TR2 IMPEDANCE RATIO 2.25k : 100 

D6 
E4 
F3 
Fb 

9 DENOTES 0.028'DIA TC HAMOFIL WlRE COLOUR 
AS SHOWN 

+ DENOTES 28/08012" DIA TC WlRE 
(HAMMANS INDUSTRIES LTD) COLOUR AS SHOWN 

+ DENOTES TELCON SCREENED CABLE TYPE BA3 + DENOTES 3mm RED RUBBER COVERED FLEX 

. . " .  
7.5 W P902 

0.5W RMAB 
PAINTON 

ERIE 



T h i s  drawing is the property of the British Broadcastin k 
Corporation and may not be reproduced or disclosed to 
a third party in any form without the written permission 

of the Corporation. 

VALVE BASES TAG Nor 
15 HRLS 

13 MRS 

TDSITR26 
BRITISH 7-PIN 

8 7 

0 4  

APPLIES TO COA2A 
AMPLIFIER BUT SEE 1 BL+ 
TEXT REF ADDITIONAL 05 
CIRCUIT AND ALSO 
DETAILS OF EARLIER 

CRYSTAL OUTPUT AMPLIFIER COA2 



VALVE BASE e 

BRt2A 
N- 

FS I  

12 TAG 6 -0TR3 

15 TAG 6 - COA 2 
0 5 A  S2 - LTT 

Ik R6 
TAG I - MRS 

&-013 TAG II-MRS 

- BL t  -4 
LPI 

BL t 0 s  

, 

= B L t  
0 8 

4A B L t  

L I IS 0C42 N PARTRIDGE FSI FS2 2A W BULGIN 
L 2  I8 BC43 N PARTRIDGE F53 0. IA R 8ULGlN 

FS4 0 3  T BULCIN 
CI C2 W F 1 4 5 0 V  WKG CE27P TCC LPI  LAMP 4V No2 RED Gp;-6-- _ C3 4O+AOUF/ISOV WKG CE35FE TCC MRI MR2 RECTIFIER HI0  WESTINGHOUSE 

NOTES:- I. t DENOTES 0.028" DIA TC 'HAMOFIL' 
REFS TO HRLUI AND WIRE. COLOUR AS SHOWN 
DETAILS OF EARLIER t DENOTES 2816.012" F L E X I W  

CONDUCTOR WMMANS INDUSTRIES LTD) 
coLouR As sLowN 

HT RECTIFIER & LT SUPPLY HRL3B 

TAG Nos 

'1COA 

5 
4 

lOTR 3 

5 )  

41 
s t cMA3 

FM3 OR 
RFDV 3 



51lLFOIIHIAJ 
RTB 8300 FIG9 f2 

TAG Nor 

6 CMA 3 
14 H R L 3  

M R I  

BL * 

NOTE :- 1 DENOTES 0.028" DM TC 'HAMWIL 
WIRE. COLOURS AS SHOWN 

COMP VALUE TYPE SUPPLIER 
TI SA lB BBC TYPE 

MI 0 - l mA (SCALE 0-2OOmQ 532 WESTON 
M2 0- lmA (SCALE 0-SOOV ) S 32 WESTON 

s I SWITCH BANK YAXLEY PATTERN 
I POLE 6 POSITION 

0-SmA 
RI R3 R6 

RIA R3A A- 60 
SOOk , +_ 2% ERIE 

METER & SWITCH PANEL MRS (3) 

15 H R L  3 
8 OTR 3 

HRL 3 

COA 2 

OTR 3 

7 CRYSTAL OVEN 

I HRL 3 

10 
COA 2 

9 

I OAR 2 

6 CRYSTAL W E N  



FIG I 0  ~2 

7 
'osc! 1 

CODE VALUE I TYPE SUPPLIER 

I 

0 -4m A I M t o-rbod>l Si32 I WESTON I 

'81 AS' 

'UT' 
EARTH 

9 
COA. 2 

10 
FRONT 

P NOTE:- t DENOTES 'D~A.T.C.WIRE IN 
ilk! MM. SYST FLEX, COUXIR AS SHOWN. 

6 CPYSTAL 
OVEN 

METER AND SWITCH PANEL MRS(I) 



FIG II 
14 HRL. 3 

"2 
0 - l m A  

(SCALE 0-500v ) s. 3e W ESTON 

s4 
SW TCH 

I POLE 6 -SITON YAXLEY PATTERN - 

u 
L 

AC. W 

3 0  
m 

H.T. 4C 

m + m  R* 
R3 Qo 

S& 

g N*x' 

'* 016 

50k 62.7k . 
0 

it Y* on 
BL* 

C(O BL* 
3 P  

NmE :- I D m  *OEB. D IA .TC .  
' HAMOFIL' WIRE. 
COLOUR AS SHOwN. 

, 
7 C W A L  OVEN 

METER AND SWITCH PANEL MRS (2) 



Instruction T3 

COMPONENT TABLE : FIG. I2 

Comp. 

C I  
C2 
C3 
C4 

C5 
C6 
C7 
C8 
C9 
CIO 
C I  I 
C12 
C13 
C14 
CIS 
C16 
C17 
C18 
C19 
C20 
C2 I 
C22 
C23 
C25 

L I 
L2 
L3 
L4 
L5 

MRI 

RI 
R2 

COU-4B using miniature valves as in  diagram. For differences 
in COU4B fitted with B9G and Brltish Octal types, see 

overleaf for supplement applylng t o  asterisked items. 

T.C.C. 101 SMP Finish C 
Eddystone 585 
T.C.C. 101 SMP Finish C 
(a) T.C.C. 101 SMP Finish C 
(b) T.C.C. 425 SMP Finish C 
(c) T.C.C. 501 SMP Finish C 
(d) T.C.C. 601 SMP Finish C 
Hunt B515K 
T.C.C. M3N 
T.C.C. M3N 
Hunt B515K 
T.C.C. M3N 
T.C.C. CP37NlPVC 
T.C.C. CP37NlPVC 
T.C.C. M3N 
T.C.C. M3N 
T.C.C. CSM2ON 
T.C.C. SM3N 
T.C.C. CP37NIPVC 
T.C.C. CP37NlPVC 
T.C.C. 101 SMP Finish C 
T.C.C. 101 SMP Finish C 
Plessey CE808/1 
Plessey CE808/1 
T.C.C. M3N 
T.C.C. M3N 
T.C.C. CP37NlPVC 

BBC EB8597 
BBC EB8597 
BBC EB8597 
BBC CH22 
BBC EPA4201 Det. 5 

Erle 100 
Erie 9 

rolerence 
per cent 

Comp. 

' R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
RI I 
RI2 
R13 
R14 
R15 
Rl6 

'R17 
R18 
R2O 
R2 I 

R22 
R23 
R24 
R25 

R26 
R27 
R28 
R29 

R30 

RV I 

RLI 
RL2 

T 1 
*n - 

- - - -  

Erie 8 
Erie 100 
Painton P302A 
Erie 100 
BBC EJ8596 Det. 69 
Erie 109 
Erie 9 
Erie 9 
Erie 8 
Erie 9 
BBC EJ8596 Det. 70 
Erie 9 
Erie 9 
Erie 9 
Erie 8 
Erie 100 
See supplement 
BBC EJ8596 Det. 72 

I BBC EC8595 

Osram 161 o r  302 
Welwyn C24 
Painton P302A 
Painton P302A 

Erie 9 

Painton CV2 

BBC DRB 76 
BBC{M.I90A 

Tolerance 
per cent 

C4 values (a) 500-1,000 pF (b) 2,000 pF (c) 3,000-5,000 pF (d) 6,000-7,000 pF 

t Inner-oven band-spreading components, when required. 



Instruction T.2 

SUPPLEMENT TO C O M P O N E N T  TABLE : FIG. 12 

(Differences in COU-4B using EFSO, EF55 and UU6 valves) 

Comp. / L o .  I Remarks 

R3 
R17 
R2O 

T2 

H4 
4 6  
- 

Value is 2 k (& 10 per cent) 
Value is 100 ohms (Erie 8) 
Extra component of value I k (Painton 
P301A); in V3 anode circuit, between 
point P and R18 connection. 

D9 Non-coded type; generally slmilar t o  
M. I WA but with one winding providing 
+volt (1'5A) supply for UU6 rectifier 
(V4). Note that cathode of this valve 
is strapped t o  heater at pin I. 



6 4 / J R /  IOI 

EC8589 
T 2 

SECTION C 

FIG 12 

VALVE BASES 

I I 

12 8 @  3k TO BE SUPPLIED & FITTED 
BY BBC OH TEST. 

CRYSTAL OSCILLATOR UNIT COU-4B:CIRCUIT 

NOTE : EARLY COU 4 6 s  HAVE VI ( E F ~ O ) . V Z  ( E F ~ o ) , v ~  (EFSS) 

AND V ~ ( U U ~ ) . S E E  TEXT AND SUPPLEMENT TO COMPONENT 

TABLE FOR DIFFERENCES IN COMPONENT VALUES AND TYPES. 

MUM - 
,PACITANCE 

laoO XL1 * 



Instruction T.2 

COMPONENT TABLE : FIG. 13 

Comp. 

C I  
C2 
C3 
C4 

C6 
Q 
C8 
C9 
CIO 
CI  I 
C12 
C13 
C14 
CIS 
C16 
C17 
c18 
C19 
C20 
c 2  1 
C22 
C23 

L I  
L2 
L3 
L4 
L5 

MRI 

RI 
R2 
R3 

T.C.C. 101 SMP Finish C 
Eddystone 585 
T.C.C. 101 SMP Finish C 
(a) T.C.C. 101 SMP Finish C 
(b) T.C.C. 425 SMP Finish C 
(c) T.C.C. 501 SMP Finish C 
(d) T.C.C. 601 SMP Finish C 
T.C.C. CP37N/PVC 
T.C.C. CSM2ON 
T.C.C. CSM2ON 
T.C.C. M3N 
T.C.C. CP37NlPVC 
T.C.C. M3N 
T.C.C. CP37NlPVC 
T.C.C. CP37NlPVC 
T.C.C. CSM2ON 
T.C.C. CSM20N 
T.C.C. CP37NlPVC 
T.C.C. CP37NlPVC 
T.C.C. 101 SMP Finish C 

)T.C.C. 101 SMP Finish C 

Plessey CE821/ 1 

T.C.C. M3N 
T.C.C. M3N 

BBC EJ 10621 Det. 54A 
BBC EJ 10621 Det. 54 
BBC EJ 10621 Det. 54 
BBC CH22 
BBC EPA4201 Det. 5 

Erie 9 
Erie 9 
Erie 8 

Tolerance 
per cent 

10 

10 
10 
10 
10 
10 

5 
5 

20 

20 

5 
5 

10 
10 

20 
20 

10 
10 
10 

Comp. 

R4 
R5 
R6 
R7 
Ra 
R9 
RIO 
RI I 
R12 
RI3 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R2 I 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R3 1 
R32 
R34 

RV I 

RL I 
RL2 

T I  
n - 

Lot. 

HZ 
H5 
G2 
H I  
J 5 
L4 
M6 
M2 
J7 
M I  
0 4  
0 4  
N6 
P6 
P2 
PI 
N2 
N6 
FI 1 
FI I 
G I  I 
G I  I 
El0 
N7 
NIO 
010  
N7 
M3 
Q3 
MI0 

0 4  

N I  I 
N I 2  

P3 
D9 - 

Erie 8 
Erie 9 
Erie 8 
BBC EB5935 Det. I 
Erie 9 
Erie 9 
Erie 9 
Erie 100 
Erie 9 
BBC EB5935 Det. I 
Erie 9 
Erie 9 
Erie 9 
Erie 9 
Painton P301A 
BBC EB5935 Det. I 
Erie 8 
Erie 8 

BBC EC8595 

Osram 161 or 302 
Welwyn C24 
Painton P302A 
Painton P302A 
Erie 9 
Erie 8 
Erie 100 
Erie 9 

Painton CV2 

BBC DRB 76 
BBC M.190A 

Tolerance 
per cent 

.- 

10 
10 
10 

1 
10 
10 
10 
2 

10 
1 

10 
10 
10 
10 
5 
1 

10 
10 

1 
5 
5 

10 
10 
2 

10 

C4 values (a) 500-1.000 pF (b) 2,000 pF (c) 3,000-5,000 pF (d) 6.000-7,000 pF 



T 2 
SECTION 1 

FIG 13 

VALVE BASES 

CV4014  (I> c v . 0 7 2  0 P 8 0  

NOTE IN ADJUSTING THE VALUE OF PADDING CAPACITORS FOR CRYSTALS 
BELOW I Mcls  IT  IS NECESSARY TO INCREASE C I  TO  5 0 p  F, SHORT- 

CIRCUIT C It3 a OMIT C 19. 

MWG OVEN HEATERS 

- - 

LPI :: 6- 

RL2-2  

' Y '  
Y TO BE SUPPLIFD 8 FITTED 

NORMALLY 
OPERATED 

BY BBC ON TEST 

CRYSTAL OSCILLATOR IJNlT COU-4A : CIRCUIT 






