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* 3 pole 7.5 amp
* 5 million ops. min,

* 1214 each per 1000
Single pole 9/7 each
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ex stock in 7 days
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13/ ger1000
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MHP Plug-in relay

2 pole 8= each per 1000

% Snap action microswitch relay
% 7.5 amp. 1 miflion operations
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*MKP Plug-in relay
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P.O. 3000 RELAY

% Manufactured to full
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also to
Industrial Standards

Contacts up to 30 amp

|
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%* 1 million operations
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MK403P NEW Plug-in relay
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SOLDER TERMS
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made to measure

APPROVALS: C.E.G.B. No. 131 & 92 * B.R.
POST OFFICE KRL - U.K.A.E.A.

P33
PLUG-IN RELAY

* Plug-in version
to BPO 3000 relay,
made to measure
tor Industrial
Applications
Contact ratings up
to 10A/750V

% Positive-lock
retaining clip

* 30 million
operations minimum

KEYSWITCH i3 W.\45

P.O. 600 RELAY

Compact version of
BPO 3000 relay

Contacts up to 10A

Sensitivities
down to 30mwW

Up to 18 contact
springs

HILIMSAIN

COMPONENT BOARD
P304

% Plug-in component
board unit for low
cost, easy
chassis fabrication

* 15'- each per 500
FROM STOCK
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CONTACTOR
K700 RELAY

High-current/hig
voltage 3000-type
relay
Contact up to
30A240V ac

% Sensitivities down
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PTFE armature
bar/llfting rods

KEYSWITCH RELAYS LIMITED

120/132 Cricklewood Lane - London - NW2 -
Telex: 262754
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BRIMAR

OSCILLOSCOPE TUBE

...AN UNRIVALLED

PERSONALISED

There’'s a BRIMAR tube to meet the needs of every
oscilloscope designer —ranging from general purpose
tubes of medium bandwidth to tubes designed speci
fically for exacting applications requiring features such
as short length, wide bandwidth or dual phosphors. Face
plates range from 83" large displays to 1" types for
numerical and indicator presentations including the
latest 7 x 5 cm rectangular size.

PERSONALISED
TECHNICAL SERVICE

Every BRIMAR oscilloscope tube is backed by a first-
class technical service and assistance on any type of
problem involving it —from special characteristics to
circuit design. BRIMAR engineers are always available
= contactison a personal level. Just phone or write.

‘RVICE

The BRIMAR D13-51GH is a modern Mesh P.D.A.
6 x 10 cm?-area tube, which gives improved brightness,
higher deflection sensitivities and higher ratios of
screen to deflector voltage with no shrinkage of raster
area. The D13-51GH displays single phenomena up to
30 MHz bandwidth and is suitable for use with transis-
torised circuits. It needs fewer control voltages than
other mesh tubes. Lengthis only 1 31,

We shall be pleased to let you have full details of the
BRIMAR D13-51GH and the rest of the interesting
range of BRIMAR industrial cathode ray tubes.

¥ Thorn-A.E.l. Radio Valves & Tubes Ltd.
7 Soho Square, London W1, Telephone: 01-437 5233
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A Genuine Reject?

“] HILE the article by T. D. Towers in this issue on transistor type numbers should

assist readers in identifying a particular device and tracking down the manu-
facturers, one is tempted to ask how much faith can be placed in a type
number? Large users of semiconductors buy direct from the manufacturers and
can have cvery confidence in the devices they receive. The situation is rather differ-
ent, however, for the home constructor who requires only a couple of AC107s.
It has become apparent that unscrupulous dealers are stamping reject transistors with
well-known type numbers and selling them as genuine items. Type numbers have
also been altered when a particular device is in short supply; an example of this
would be 0 remove the D from OC81D. Restamped devices often do not resemble
the transistors they replace, electrically or mechanically or both. It is a well-known
fact that many transistors will operate, to the detriment of the circuit, under conditions
for which they were not intended, thereby facilitating the deception. The deceit is
not limited to individual sales of semiconductors; complete equipments and sometimes
kits are being marketed that use reject semiconductors, although no mention is made
of this in the literature.

The home constructor would blame his own workmanship, lack of knowledge or
the circuit he was making when it failed to operate satisfactorily rather than suspect
that the semiconductors were not what they claimed to be. We do not deprecate the
use of reject transistors; we only object when they masquerade as *on spec ” devices.

How can the home constructor recognize these devices? The deception is not easily
detected although the print used on restamped devices is usually large and untidy or
the new markings are sometimes placed on a plastic sleeve slipped over the transistor.
Genuine transistors nearly always carry the manufacturer’s name or emblem and
usually also a batch number—re-marks have neither of these. Another point to
watch for is the case and lead-out configuration; sometimes the re-marks are not
even in the correct encapsulation. Because the range using the old European coding
4 QC” is probably the most common and best known as far as the home constructor
is concerned it is these devices that appear to be most often misrepresented.

Our advice is, deal only with a reputable supplier, return any devices that are not
what they are claimed to be and beware of the isolated term * guaranteed.”
Guaranteed for what?

By Numbers

ANOTHER aspect of numbering is raised by a correspondent whose letter is published
in this issue. He pleads for a common identification or part-numbering system for
components. Instead of each user of a component giving his own part-number to it-

depending upon the particular piece of equipment in which it is to be used—there
should be, the writer suggests, a British Standard part number that all could use.
If this were done it would certainly simplify the specification of components but it
would, of course, mean that every variant of the physical and electrical specification of
a particular resistor, capacitor, or what have you, would have to bear a different
number. Only those most closely concerned with the supply of components will fully
appreciate the difficulties experienced in the present jungle, but is the correspondent’s

JANUARY suggestion practicable? Perhaps the introduction of i.cs provides a golden opportunity
1968 for starting such a scheme.
WIRELESS WORLD, JANUARY 1968 619
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Radio Signals from the

Heart of Matter

An old circuit—the superregenerative receiver—put to a new use in

analysis of materials by nuclear quadrupole resonance spectrometry

By D. A. TONG, B.sc, Ph.D.

Only too often research into atomic scale pheno-
mena involves large and costly electronic appara-
tus. Presented here is a technique that can provide
useful information about the actual electron distri-
bution within a molecule but which only costs a few
pounds to set up. The article should provide enough
information to enable the interested electronics
experimenter or student to experience for himself
the thrill of picking up radio signals from the very
heart of matter, the atomic nucleus.

HE superregencrative receiver' was widely used by
radio amateurs in the early days of v.h.f. because it
combines very high sensitivity with great sim-

plicity. Later on as v.h.f. techniques advanced, its
disadvantages, i.c., poor selectivity, poor frequency sta-
bility and radiation of interference, resulted in its virtual
elimination as a serious rival to the superheterodyne re-
ceiver for communications work. Since the early 1950s,
however, the superregenerative detector has embarked on
anew carecr in a totally different field, that of the branch of
nuclear magnetic resonance (n.m.r.) spectrometry known
as nuclecar quadrupole resonance (n.q.r.)* spectrometry.
Later in this article we will describe simple circuitry with
which it is possible to detect n.q.r. in suitable solids, but
first it will be useful to discuss briefly the physical basis of
the phenomenon itself.

THEORY OF N.Q.R.

A spinning atomic nucleus has a magnetic moment which is
colinear with the axis of spin, and therefore can be regard-

Dr. David Tong, who is 26,
graduated in chemistry at
Leeds University and re-
ceived his Ph.D. for research
into chemical applications of
N.Q.R. He has been a re-
search fellow at the Uni-
versity of Warwick and has
recently joined the staff in
the Department of Chemi-
stry, University of Glasgow.
Dr. Tong has developed an
improved superregenerative
N.Q.R. spectrometer which
is to be produced by Decca
Radar Ltd. to which he is a
consultant.
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ed as a minute spinning bar magnet. Because of its sub-
microscopic size, however, the motion of such a magnet
in a magnetic field can only be described adequately by
means of quantum mechanics, and, in fact, differs some-
what from that of a spinning magnet of ordinary size.

When an ordinary bar magnet is placed in a magnetic
field, it tends to take up a position of minimum potential
cnergy; that is, with its magnetic moment aligned along
the field direction as shown in Fig. 1(a). Any small dis-
placement from this position makes the magnet oscillate as
shown in (b), until its potential energy has been dissipated
by friction, when it again comes to rest. If, instead of being
stationary, the magnet is continually spinning about an
axis coincident with its magnetic moment (c), it still tends
to align along the field (shown by H ), except that any dis-
placement now results in a precession about the field dir-
cction (d), instead of a vibration. The behaviour is en-
tirely analagous to that of a spinning gyroscope in the
carth’s gravitational field, and the angular frequency of the
precession is proportional to both the magnetic moment,
M, and the applied ficld strength, H,. Fig. 1 (e) is a vector
diagram representation of the precession.

When, on the other hand, one considers the motion of a
spinning magnet of nuclear dimensions in a magnetic field,
one finds that, unlike the classical magnet, it can never
align itself completely along the field, to do so would be to
vivlate the Heisenberg Uncertainty Principle. In fact, the
angle that the spin axis makes with the field is restricted
to one of a limited number of * allowed ” values and the
spin axis therefore precesses continually about the field
direction.

In practice one is not concerned with the nucleus of a
single atom but usually with specimens containing ex-
tremely large numbers of atoms. Under such conditions
the individual nuclear magnetic moment of one atom
cannot be observed and one can only detect the resultant
of all the microscopic moments. Not surprisingly, per-
haps, this resultant, or * macroscopic >, magnetic moment
behaves in many ways as if it belonged to a spinning bar
magnet as shown in Fig. 1. In particular, it tends to align
itself completely along the direction of an applied magnetic
field. Then, if the spin-system is suddenly disturbed by
suitably applying energy to the sample, the macroscopic
moment temporarily begins to precess around the field
direction at some particular angle and at a frequency, the
“ Larmor ™ frequency, which depends on the nuclear
magnetic moment and the applied field strength.

The method usually adopted for transferring energy to
the sample is to introduce a second magnetic field at right-
angles to the first, but one which is oscillating at a radio

WIRELESS WORLD, JANUARY 1968
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SPIN AXIS
(o] 1D

"UNIVERSAL PIVOT
POINT

ALLOWING PRECESSION
AND ROTATION

() (b) (c: C) (e

Fig. 1. (a) Equilibrium position of a bar magnet in a uniform magnetic field. (b) shows the oscillations of the bar magnet about the equi-
fibrium position resulting from a small displacement therefrom. Assuming the bar magnet is spinning about its long axis, (c) shows it in its
equilibrium position in the uniform magnetic field. (d) shows the precession about Hy which results from displacing the spinning magnet from
its equilibrium position. In a real system the precession dies away as shown as the potential energy of the displaced magnet is dissipated
Finally (e) shows in vector form the precessing magnet in the absence of frictional forces; M represents the magnetic moment of the magnet.

frequency. Such a field is equivalent to two separate ‘
fields rotating in opposite directions, and if the rotation
frequency is much different from the Larmor frequency,
neither has any appreciable effect on the spin system. In
contrast, when the two frequencies are identical the effect
is considerable, because, no matter how the macroscopic
moment precesses, the resultant of the steady field, Hoqs
and the component of the oscillating ficld which rotates in

- - —
the same direction as the precession, H,, will always act - >
so as to pull it away from the H, direction. The system = ~
is then said to be in resonance, and encrgy is absorbed Veos Bt Vcos wot

from the rotating field. This effect is shown in Fig. 2. In
(2) (b)

the case of the hydrogen nucleus, for example, the Larmor

frequency is 42.577 MHz in a field of 1.0 tesla (10,000  Fig. 2. Interaction of the macroscopic nuclear magnetic moment M

gauss), and is therefore well within the radio-frequency with a steady magnetic field Hy and a rotating magnetic field H,.

range. All other nuclei have lower frequencies than this. (a) When the frequency of rotation « is different from the Larmor

So far we have only discussed the phenomenon of n.m.r., frequency wo, M remains aligned along Ho and is unaffected by Hy.
but it is now only a small step to extend the discussion to (b) When H, rotates at W, M experiences a force which pulls it
explain n.q.r. (Fig. 3). Atomic nuclei with the property of away from the H,, direction, about which it precesses.
spin fall into two groups according to whether the distri-
bution of their positive charge is spherical or non-spherical. { |
Nuclei in the latter category, in addition to having a mag- |
netic moment also possess an electric quadrupole moment. Hy
Such a moment is equivalent to two electric dipoles placed
back-to-back, and if a quadrupolar nucleus is present in a
non-uniform electric field, it experiences a torque and will
tend to align itself with its quadrupole moment (which is
co-linear with the axis of spin and the magnetic moment)
along the dircction of maximum electric ficld gradient <
(e.f.g.). Moreover, as the nucleus is spinning, precession
at certain * allowed » angles will again occur, but in this
case it will be about the ¢.f.g. direction.

Notice, however, that such precession still involves a
precessing magnetic moment and the resultant of a large
number of such moments can still couple with a rotating
magnetic field. In short, in n.q.r. the interaction energy, '
and g ) (2) (b)
and hence the resonance frequency, is determined by an ) , L
electrostatic field gradient acting on the nuclear quadru- Fig. 3. (a) In the case of n.m.r., the component M of M rotating in a
pole moment, whereas in n.m.r. the important inter- plane per';)end:qular to the stead{ ﬁeld#):rect:on mduces. an aI(;er-
action is that of the nuclear magnetic moment with an ex- nating voltage in the sample coil. (b) The case of n.q.r.in powder-

: - ed samples is similar, except that Hy is not present and M, which is
ternal magnetic field. Both cffects can be detected by in- now the resultant of a large number of macroscopic moments each

RECEIVER

3
——
RECEIVER
.|

teraction between the macroscopic magnetic moment and a precessing about a different direction, is accompanied by an equal
rotating magnetic ficld. and opposite moment rotating in the opposite direction.
WIRELESS WORLD, JANUARY 1968 621
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The main difference between the two techniqu s in
practice is that a large external magnetic field must be
applied to the sample to detect n.m.r., and by varying the
ficld strength the resonance frequency can be brought into
a suitable range. The e.f.g. necessary for n.q.r., on the
other hand, is already present in most crystalline solids
and the resonance frequencies are fixed. The c.f.g. arises
from the detailed electron distribution within chemical
bonds, and since the n.q.r. frequency depends directly on
the c.f.g. important information about these distributions
can be obtained. Typical n.q.r. frequencies range from as
low as 5 MHz right up to several thousand, depending on
the properties of the particular nucleus and the type of
compound.

THE SUPERREGENERATIVE DETECTOR

Having looked at the magnetic resonance phenomenon,
We can now return to what is probably more familiar
ground and see where the superregencrative receiver
enters the picture. We have mentioned that to excite a
resonance it is necessary to place the sample of material in
a coil which is supplied with r.f. current. This can be done
very conveniently by making the coil part of the tank cir-
cuit of an oscillator. The system can then be casily tuned
over the necessary wide frequency range. If the level of
oscillation is arranged to be critically dependent on the
tank circuit Q, as in the so-called marginal oscillator, the
sudden absorption of energy by the sample as the oscil-
lator passes through the resonance frequency causes a drop
in r.f. level and provides a means of detecting the reson-
ance. Such oscillators, many of them very simple, are
widely used for studying n.m.r. For n.q.r., however, con-
siderably greater values of H, are required, and this is
where the superregenerative oscillator (s.r.0.) comes into
its own, for even when a superrcgenerative recciver is ad-
justed for maximum sensitivity, the average r.f. level may
be several volts. In fact, it behaves also as a low-power
transmitter—as anyone knows who has tried to operate two
such receivers within half a mile of each other.

The s.r.o. can successfully combine high sensitivity
with high r.f. levels because it is sensitive only during a
very short interval between pulses, and at this point in the
quench cycle the valve anode current, and hence the gen-
crated shot-noise, is low. During the bursts of r.f. oscil-
lation, however, large peak voltages can be attained with-
out affecting the detection process. There is, though, onec
important difference between a s.r.o. used for n.q.r. and
one used as a communications receiver. In the last-
mentioned case the circuit is adjusted to operate in a com-

".
o o)
3-30p

34Mc/s TaNK coiL
ABOUT 5 TURNS ¢
18 s.w.9.EN. WIRE

pletely incoherent condition because then the gain of the
circuit is a maximum, whereas a certain degree of cohere
ence is essential for resonance excitation.

The term “ incoherent ”’ refers to the random phase
relationships which exist between successive bursts of
oscillation when cach one builds up from noise voltages
only, i.c., when each burst is completely damped before
the next pulse starts to build up. When the r.f. output
of such an oscillator is monitored on a receiver one finds
that there is no definite oscillation frequency present
but only a band of noise spread over several hundred
kHz. Such a signal is useless for exciting nuclear reso-
nances because negligible power is present in the relatively
narrow width (a few kHz) of the resonance line. The
situation changes, however, if the oscillations are less
severcly damped between pulses, because then the
starting phase of each pulse is determined partly by the
tail of the previous pulse and partly by noise. In other
words the coherence is incrcased. The effect on the
monitor receiver is to cause discrete frequencies to appear,
and since the oscillator is pulsed, they are spaced at
integral multiples of the quench frequency on cither
side of the oscillator’s fundamental frequency.

The available power is now concentrated into narrow
frequency bands and many of them are sufficiently strong
10 excite a resonance in a sample of material placed in the
8.1.0. tank coil. Such resonances are then simultancously
detected by the circuit because the precessing macro-
scopic magnetic moment induces an r.f. voltage in the
coil, and this voltage provides an input signal for the
$.r.0., now acting in its role as a receiver (Fig. 3). The
operation might be crudely pictured as that of a radar
system: the s.r.o. sends out a pulse which excites the
spin-system in the sample, making it ring like a high-Q
tuned circuit, and the ringing signal is then picked up
as the “ response.”

In practice, the “ ringing > time, or to use its correct
name, the “spin-phase relaxation time ”, is of the
order of milliseconds and is considerably longer than
typical quench periods (10 to 100 microseconds). This
is why the nuclei * see ” the r.f. waveform as its Fourier
components (or sidebands) rather than as individual

+250V
22k
2000p 0-Sp
47k 47k 300VwKG 4 £ OUTPUT TO
—©  PREAMPLIFIER OR
l HIGH-GAIN 0SCILLOSCOPE

- 2000p

.[ 2000p 2,000p
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Fig. 4. Circuit of a self-quenched superregenerative oscillator
for nuclear magnetic resonance detection. For VI an EC90,
312AU7 or other similar type could be used; some selection
may be worthwhile. DI is an S.T.C. varactor diode.
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bursts of oscillation, as it appears on a wide-bandwidth
oscilloscope.

SUITABLE APPARATUS

A very simple circuit which has been widely used to
detect n.q.r. in the 15 to 50 MHz range is shown in
Fig. 4. The circuit is a self-quenched Colpitts oscillator,
the quench frequency and coherence depending on the
grid time-constant, which can be varied by VR,. Itis
also self-detecting because when a signal is present the
quench rate increases slightly, and this results in an
increased voltage drop across the anode load resistor.
After filtering out the quench frequency components the
audio output signal is amplified in a conventional low-
noise preamplifier, such as that of Fig. 5.

A suitable setting for VR, can be arrived at by moni-
toring the r.f. output on a receiver, the correct adjustment
being half-way between that giving a very sharp series
of sidebands and that which results in a broad band of
noise. Since the gain of the detector depends on the
coherence, VR, can also be adjusted by observing the
noise level at the output of the prcamplifier. In this
case the correct setting is somewhere between the ones
giving maximum and minimum noise amplitudes.

In order to observe a resonance line directly, some
method is required of repetitively sweeping the oscillator
frequency back and forth over a range of up to several
hundred kHz, while simultaneously observing the output
on an oscilloscope. Many oscilloscopes have a terminal
which allows a connection to be made to the timebase
output, and if this is the case, it is only nccessary to
connect this output in such a way as to always reversc-
bias the variable capacitance diode D1. Care must be
raken, however, not to excced the maximum rated
reverse voltage for the diode (30V for the BA110), or to
drive it into forward conduction. The depth of modula-
tion can be adjusted by both VR, and C,. If a sweep
output is not available from the oscilloscope, a sinusoidal
sweep can be obrained from a mains transformer giving
say 20V output, together with a suitable battery connected
so that the diode is never forward-biased. Finally, if an
oscilloscope is not available, it is still possible to detect a
resonance by listening to the output on a pair of head-
phones or a loudspeaker.

The construction of the circuit should follow good
v.h.f. wiring practice, keeping all r.f.-carrying wires as
short and direct as possible. Beehive trimmers are
suitable for C,, C,; and C,, but a good quality tuning
capacitor is essential for C,, together with a good slow-
motion drive. Since the resonances to be detected are
likely to be only two or three times larger than the
noise level at first, careful tuning is required, and the
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Decca prototype n.q.r. spectrometer. (An automatic frequency
matker unit is missing from this particular example and would
normally occupy the blank panel space.)
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Fig. 5. Asuitable audio frequency preamplifier for use with the Fig. 4
circuit.
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Fig. 6. Photographically recorded c.r.o. trace showing the 35CI n.q.r.
line in potassium chlorate at room temperature, obtained with a
circuit similar to that of Fig. 4, The position of the centre of the
resonance line was slightly different on each of the five sweeps
recorded because of jitter on the sawtooth generator used for the
frequency sweep. Slightly higher signal-to-noise ratios can be expected
for 35CI in para-dichlorobenzene.

I.t. supply should be well smoothed to climinate hum.
The r.f. choke in the cathode circuit is a rather critical
component and if the oscillator exhibits dead-spots,
i.e., ranges over which oscillations ceasc, it is likely
that the particular choke has a series resonance in the
range. The solution is to try a different choke.

A suitable substance which at room temperature gives
a strong signal at about 34.27 MHz and another weaker
one at 27.01 MHz is para-dichlorobenzene. The signals
are due to the n.q.r. of the **Cl and *’Cl nuclei, respec-
tively, and the two frequencies are in the ratio of 1.2688
to 1, which is the ratio of the quadrupole moments of the
two nuclei. In nature, the two isotopes occur with rela-
tive abundances of approximately three to one and this
accounts for the different intensities of the two resonance
lines. To observe the stronger, **Cl, line the oscillator
should be set to sweep around the 34 MHz region by
monitoring on a receiver, or by temporarily injecting a
signal at 34.27 MHz into the s.r.o. from a signal genera-
tor. Careful tuning of C, should then enable the reso-
nance signal to be seen (or heard). Final adjustments to
C,, C, and VR, should then be made in order to obtain
best signal-to-noise ratios. With the para-dichloroben-
zene sample contained in a glass tube of half-inch internal
diameter and packed tightly to a depth of about one inch,
a signal-to-noise ratio of at least ten should be attainable
with a good oscillator valve. It 1s important to have as
much sample material as possible within the coil volume
and therefore the sample tube should have thin walls
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and the coil should be wound tightly on the sample
tube itself.

Because of the sidebands present in the osciliator
power spccirum, several responses are seen for each
true resonance line, and for serious work some way of
climinating all but the fundamental is required. Usually
this requires the use of the slightly more complicated
externally-quenched s.r.o., but the methods used gene-
rally rely on the fact that if the quench frequency is
altered, only the fundamental response will be unmoved.
Unfortunately, with the self-quenched circuit the cohe-
rence, and hence the gain, varies as the quench rate is
altered (using VR,), but the effect should still be observ-
able.

Sometimes the circuit will display apparent resonances
which are in fact not due to the sample. These may be
recognized by removing the sample, when of course
a true n.q.r. signal would disappear. A neater method,
however, is to place a small magnet near to the sample,
whereat any n.q.r. line will be broadened so much that it
will be effectively erased. This effect arises because of
the interaction between the individual nuclear magnetic
moments and the field, which results in a splitting of the
resonance line into several components. The extent of the
splitting is dependent on the orientation of the magnetic
field with respect to the internal reference axes of the
crystal and, in a powdered sample with its random dis-
tribution of angles, the effect is 1o broaden the line.
Any line which docs not show this behaviour cannot be
attributed to n.q.r.

Another effect which can be ecasily demonstrated is
that of temperature. If the sample is heated, rhe resulting
expansion causes small changes in the internal clectron
distributions of individual molecules and leads 1o a
change in the n.q.r. frequency. If the sample is subject
to a non-uniform temperature, caused, for example,
by body heat during handling, or by a nearby soldering
iron, different parts of the sample have different resonance

A Logical

THE bassoon is notorious for the difficulty of its fin-
gering (the pattern of raised and lowered fingers neces-
sary to produce a particular note), and certain orchestral
passages such as in Stravinsky’s Rite of Spring, can
daunt the most accomplished player. Dr. G. S. Brindley,
FR.S, a physiologist at Cambridge University, has
attempted to ease the player’s task by designing a new
iype of bassoon which uses electronic logic circuits to
simplify the fingering. He gave a demonstration of the
new instrument, which is based on a German bassoon, at
a meeting of the British Acoustical Society held at the
B.B.C. Research Department on 5th December.
Acoustically the Brindley bassoon is similar to a con-
ventional instrument except that the acoustic column,
constructed from Sapele wood, is of rectangular cross-
section instead of circular. The player’s fingers operate
a set of keys incorporating micro-switches, and the on-off
signals from these are fed to diode-transistor logic cir-
cuits which control solenoids powered from a 24 V sup-
ply. The solenoids raise and lower pads over the holes
in the acoustic column. The logic circuits are arranged
to separate the “holing” (patterns of op=n and closed
holes) from the fingering, so that for each note it has be-
come possible to choose the holing that is best acoustic-
ally and the fingering that is best for facility. (It would
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frequencies and the line is broadened. It is always
advisable, for this reason, 10 wait five or ten minutes
after handling the sample before tryirg to detect a
resonance. Since the n.q.r. frequency depends only on
the nuclear quadrupole moment, a constant of nature,
and the ef.g., a property of the particular chemical
compound, it has been suggested that n.q.r. be used as a
thermometer®. Such a thermometer would be useful in
situations where frequent calibration is impossible,
¢.g., remote weather stations or space probes. A suitable
sample in such applications is potassium chlorate, whose
**Cl resonance is at 28.2133 MHz at 0°C. Its advantage
lies in its low natural line-width of about 500 Hz, which
means that more accurate frequency measurements are
possible, and in its fairly large temperature coefficient
of about 4.8 kHz per degree.

Other nuclei whose n.q.r. frequencies fall in the
frequency range of the circuit of Fig. 4 are °°Ga, 7'Ga,
¢3Cu, ¢Cu, and *"Co. Cobalt and gallium compounds
are not readily available but a suitable copper compound
is cupric oxide. This shows two broad resonance lines
at 25.955 MHz and 24.028 MHz, at 28°C, corresponding
to the **Cu and **Cu nuclei respectively. Finalily, to give
the reader an idea of the results to expect with the
apparatus described, a photograph of the **Cl n.q.r.
line in potassium chlorate at room temperature is shown
in Fig. 6.

In conclusion the writer would like to point out that
apparatus basically identical to that described above is
being used in laboratories throughout the world for
serious rcsearch in n.q.r.
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Bassoon

be possible to use a fingering system as for the piano.)
First the microswitch signals are fed into “recognition »
logic circuits—a series of AND gates—where cach pattern
of raised and lowered fingers causes a particular “ note
output ” terminal 10 be activated. The signals from these
terminals then pass into “programming” logic, compris-
ing a series of OR gates, the outputs of which directly
operate the holing solenoids. All the electronic circuitry,
except the solenoid power supply, is mounted on the
outside of the acoustic column.

Another helpful innovation in the bassoon is a 15-W
electric heater, which is used not only to get rid of
condensation but to tune the instrument. When being
played the bassoon stands on the floor between the
player’s legs and causes no obstruction to his line of
sight. Ordinary bassoon reeds are used. The timbre
has a slight suggestion of saxophone quality.

Also at the B.AS. meeting H. D. Harwood (B.B.C.
Research Department) described and demonstrated a
new B.B.C. monitoring loudspeaker which is outstand-
ing in both its freedom from colouration and its repeat-
ability of frequency characreristic. This has been
achieved mainly by the use of a new cone material, a type
of sheet polystyrene called Bextrene, which is shaped
by a vacuum forming technique.
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R.F. Measurements and Standards

INCE July the British Calibration Service has been

in operation and is sceking to establish centres of

expertise in r.f. measurements on a larger scale than
has been possible hitherto. An indication of the interest
in r.f. measurements and standards, which until recently
suffered from lack of official support and recognition,
was provided by the attendance of about 150 at a con-
ference on the subject held at the National Physical
Laboratory from November l4th to 16th. Organized by
the Institution of Electronic and Radio Engineers in
collaboration with the Institution of Electrical Engineers,
the conference was formally opened by Sir Leonard
Atkinson, president-elect of the LER.E, and a total of
18 papers was presented.

There is nothing comparable in this country to the
strong central facility in the United States at the Radio
Standards Laboratory of the National Bureau of Stan-
dards, although a new Division of Electrical Science has
recently been formed at the National Physical Labora-
tory and one of its first tasks will be to establish a labora-
tory for r.f. measurements. Close co-operation with other
Furopean countries is also desirable and it might be a
sensible plan to arrange some division of the work be-
tween countries if we are to attempt to reach the same
standards of accuracy as the N.B.S. over the whole field
of measurement.

COMPARISON WITH ABROAD

At the conference a review of the present position in
measurement capability presented the state of the art in
the UK. in comparison with the range of standards
developed in Europe and the United States. The fields
covered in the range 100 kHz to 3 GHz were frequency,
power, impedance and reflection co-efficient, current and
voltage, attenuation, noise, field strength and power
density. It was clear that further effort was required in
several fields to match the best of foreign standards but
at lcast one speaker made the point that small teams in
this country had achieved results in their selected areas
quite as good as those, for example, of the N.B.S. The
Electrical Inspection Directorate of the Ministry of Tech-
nology, has played a leading part in improving our r.f.
standards and measuring procedures and standards of
impedance, power, attenuation and bridge and reflecto-
meter methods were described.  Developments are in
progress to extend the accuracy of impedance standardi-
zation to 0.1%, over the range 200 MHz to 3GHz and
with a new piston attenuator it is hoped to achicve an
accuracy of +0.01dB in 100dB. The present accuracy
of power measurement is +1% between 2 and 80 mW
but a new form of dry load calorimeter is under construc-
tion. This makes use of a sensitive thermal convertor
of the multi-junction type developed by Wilkins at
N.PL. to detect the temperature rise in the metal-film
load resistor. The frequency range is from audio fre-
quencies to about 5GHz and the expected accuracy is
+0.2¢% for powers of 40mW to 4 W.

Another approach to power measurement Wwas
described by Marconi Instruments in developing a range
of commercial power meters extending from 100 mW to
1 kW. Unlike the E.I.D. instrument the thermo-element
is here incorporated in the r.f. circuit, the heater of the
junction forming part of the connection to the load resis-
tor. By adopting a thin-film form of construction for
the heater and by changing from co-axial to slab-line

WIRELESS WORLD, JANUARY 1968

geometry the insertion of the thennal element can be
arranged without causing appreciable discontinuity. The
e.m.f. generated by the thermo-junction is very nearly
proportional to the (current)’ passing to the load resistor
and is read on a millivoltmeter calibrated directly in total
incident power to an accuracy of +5%.

Thin films form the load resistors in both the E.I.D.
and Marconi instruments: they also find application at
the other end of the system in the source resistor of the
thermal noise standard developed by Ferranti. The re-
sistor, an alumina tube coated with pyrolitic carbon, is
maintained at a temperature of 1,000°C in a vacuum
enclosure. It is matched to a 501 coaxial line at the
operating temperature. There arc indications that the
present temperature co-efficient of resistance, amount-
ing to several parts in 10,000, can be reduced and this will
enable the standard to be used over a range of tempera-
ture, indicated by a platinum/rhodium thermo-couple,
without appreciable mis-match. These sources have been
examined on the noise comparator designed by the Ser-
vices Valve Test Laboratory and the mean value at
300 MHz agrees closely with two different types of noise
diode, giving confidence that an absolute accuracy of
+0.1 dB has been achieved. Comparison with other
sources suggests that this holds up to 1 GHz.

The measurement of attenuation is central to many
r.f. procedures and several papers described methods
for the comparison of attenuators. The arrangement
favoured by both Marconi Instruments and E1D. was
parallel if. substitution with the standard attenuator
operating at a fixed frequency, usually 30 or 60 MHz.
This method imposes severe requirements on the linearity
of the first mixer stage and in the E.ILD. equipment the
thermionic diode used is linear to better than 0.01 dB
over the range —7 to —107 dBm, from a frequency of
108 MHz to more than 1GHz. The sensitivity and
stability of the equipment enables a change of 0.001dB
to be detected under good signal-to-noise conditions.
The Post Office Research Station has also under develop-
ment equipment which it is hoped will enable inscrtion
gain and loss to be measured 10 an accuracy of +0.01
dB in 60 dB at frequencies in the range 0-50 MHz, the
accuracy falling progressively to +2dB at frequencies
of 1-2GHz (see p. 599, December issue).

An interesting paper from the University of Southamp-
ton described the problems arising in measurements on
very small thin-film and monolithic circuit components,
in the frequency range 100-1,000 MHz. For thin films it
is permissible to scale-up the measurement and the resis-
tance and capacitance per unit area are obtained from
test pieces evaporated in concentric form which then
provide convenient terminations for the coaxial lines of
the admittance/impedance measuring equipment. For
monolithic components the mecasurement must be con-
ducted in situ and it is necessary to reduce the dimen-
sions of the standard 50! coaxial lines to an area of
about 0.01X0.0!1 inch while remaining well shielded
from each other. The transition is made by the use of
a micro-stripline formed by laying a gold ribbon
between two layers of dielectric sheet and clamping
between thick brass plates. The connection to the chip
is made by a gold wire or by extending the gold ribbon
but a significant reduction in the residual inductance of
about 1 nH can be achieved by making the final link
in the form of a uniline.
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B.B.C.
COLOUR
SERVICE

YOR the past ten months or so the
B.B.C. has been gradually instal-
ling colour equipment at the Tele-

vision Centre, in West London, so
that when its colour service was offi-
cially inaugurated on December 2nd
two production studios, a continuity
studio and two mobile control rooms
were fully operational. As a result,
up to 25 hours of the 30 or so hours
of programmes on BBC-2 each week
are now in colour.

Each of the two production studios
A view from the audience seating in colour studic 8 at the B.B.C. Television Centre during  is equipped with four Marconi Mk.
o e VII four-tube cameras and the con-
tinuity studio with three Peto-Scott
three-tube Philips plumbicon
cameras. Peto-Scott cameras are also
used in the mobile control rooms. A
third production studio, which will be
brought into service in the Spring,
will have four E.M.I. four-tube
camcras. The new studio, which is at
Alexandra Palace, is being equipped
with three Marconi cameras and will
be brought into service in colour in
January; until then the news will be
in monochrome.

All the cameras are equipped with
zoom lenses and not fixed-focus lenses
in a turret. The main reason for this
being that it is extremely difficult 1o
maintain in a matched condition the
colour characteristics of different
lenses. Cameras have to be warmed
up for two hours before line-up can

Sound controller’s position with tape and disc
backing facilities, in the sound control room
associated with one of the two colour studios.

The vision and lighiing control room studio
one. It is equipped with what is called a
* Q-file”’ lighting control, made by Thorn, by
means of which up to 100 lighting combina-
tions and levels can be pre-set and brought
into operation sequentially.
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be undertaken and the line-up itself
takes a further hour and a half. Care
is neccessary to keep the colour tem-
perature of the lighting constant.
Colour studios are operating on a
level of 1615 lux (150 ft. candles). To
provide the extra and more evenly
distributed illumination necessary for
colour the B.B.C. has developed a
dual-purpose lantern one end of
which produces a spot source and the
other a soft-light.

Cameras are, of course, only part—
albeit a crucial part—of the colour in-
stallation. The backing-up facilities
already in use at the Television Cen-
tre include four Ampex 2000 video-
tape colour recorders (a further two
will be installed early in the new
year); one mobile Ampex 2000 (a
second is planned for next Spring);
and one R.C.A. TR70 vision tape re-
corder for news at Alexandra Palace
where a Pye 16mm telecine unit using
a four-tube camera will also be
brought into service in January. Tele-
cine equipment at the Television Cen-
tre includes four 16mm and five 35mm
Cintel twin-lens units and a further
three will be added in the Spring.
Then, of course, one must not forget
the field store convertor, developed by
Rainger for the conversion of Ameri-
can 60-field colour signals to 50 fields
and vice-versa (described in our
October 1967 issue). There is also
a SECAM/PAL transcoder.

The PAL system: next page

Service areas of the |4 stations which trans-
mitted colour television on the opening of the
service on December 2nd are shown with a
line tint. The other stations shown are
scheduled to be in operation by early 1969,
in fact the first six (Nos. 15-20) are expected
to be ready for use in 1968. The key to the
stations gives in parentheses the channels for
BBC-2

General view of the control desk and monitors,
only two of which are for colour, in the
production control room of studio 8.
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THE PAL COLOUR TV SYSTEM

A simplified explanation of how it works

By S. C. RYDER-SMITH, Bsc.

TELEVISION set giving a black-and-white
picture is a fairly complex piece of equipment.
With colour the complexities obviously multiply, and
a host of fresh terminology is introduced into the subject.
What follows is an attempt to explain, in fairly simple
terms, how the PAL system operates. The explanation
offered goes no further than outlining the background
theory, and building on this to the point where a PAL
recciver block diagram can be understood.

The first question to be considered is: how can we set
about analysing the colour content of any scenc, and then
reproduce the scene so that the full range of colours is
preserved? Fortunately, the solution to this problem has
already been discovered in colour photography, and is
fairly familiar. A colour may be analysed into its red,
green and biue components, and then reconstructed by
adding red, green and blue light in the same proportions
as discovered in the original. This is illustrated in the
simple colour television system shown in Fig. 1.

In this system three tclevision cameras view a scene
simultaneously. One, by looking through a red filter,
transmits the red component only, the next, with a green
filter, the green component only, and the last with a blue
filter, the blue component only. Each camera output
drives a cathode ray tube monitor. The monitor receiving
the “red ” camera output has a red filter in front of it,
and thercfore gives a red image, which is focused by alens
on to a viewing screen. The monitors receiving the “green”
and “blue” outputs similarly give green and bluc
images on the viewing screen, and so the original scene
1s reconstructed in full colour.

The major difficulty with this scheme is the impossibil-
ity of aligning the three separate colour-component
pictures, red, grecn and blue, as each is taken from a slight-
ly different viewpoint. The answer, at the camera end,
is 10 usc a singie camera lens system, and, with suitable
mirrors and filters behind the lens, separate out the red,
green and blue parts of the image, and project each on to
a scparate camcra tube. (See front cover.)
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At the receiver end of the chain, there is also the problem
of aligning the three separate colour pictures, and presen-
ting them on a single screen. This may be overcome by
depositing three different phosphors, in some pre-deter-
mined pattern, on the screen of a c.r.t. which is equipped
with three separate electron guns. One phosphor emits
red light when excited, another green, and the last blue.
It is arranged that the three electron beams coming
from the guns scan togcther under the influence of a single
set of scan coils, but that the beam from one gun can
excite only the red phosphor, the beam from the next
gun only the green, and the beam from the last gun only
the blue. The way in which this is achieved in the shadow-
mask tube has been described in detail in the March
1967 Wireless World but a diagram from this article js
repeated here as Fig. 2 to show the basic principle. A
tube of this sort is capable of producing three superim-
posed pictures, one red, one green and one blue, in which
the strengths of the red, green or blue components can be
independently varied by changing the grid voltages on the
appropriate electron guns.

A more practical form of the colour system shown in
Fig. 1 can now be devised. This is shown in Fig. 3.

The system arrived at in Fig. 3 would make an excellent
basis for a colour service, if it weren’t for two drawbacks.
In the first place, threc separate transmission paths are
nceded, and hence three times the bandwidth. Secondly,
any normal black-and-white receiver could receive only
one of these colour signals, and would get a picture with
grossly distorted tonal values (equivalent to looking at a
scenc through a strong red, green or blue filter).

The problem, then, is to find a way of transmitting the
R (red,) G (green) and B (blue) information in such a way
that a black-and-white set, with no modifications, will
display a good picture with no tonal distortion. In
addition, the total bandwidth used for the transmission
must be no greater than that allocated for normal black
and white, and vet a colour receiver must be able to
recover from this signal the R, G and B information.

The way in which the R, G and B signals are coded to
form a single combined signal for transmission is ingeni-
ous. First, a new signal, Y, is formed, by adding portions
of the R, G and B signals:

Y=0.30R 1 0.59G}0.118B

In this equation, it is assumed that a maximum red
output is represented by R--1, and a zero red output by
R--0. A similar assumption is made for G and B.

By adding together the red, green and blue picture
signals in this way, what results is a signal representing the
blaek-and-white view of the scene. A normal mono-
chrome set can therefore receive the Y signal and repro-
duce the correct black-and-white picturc. The reason
why only 0.11 of the blue signal is used, whereas 0.59
of the green is used, is a matter of human physiology.
The human eye is much less sensitive to blue than to
green. A bright green appears to the human eye lighter
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than a bright blue. Therefore, when a brilliant green is
being televised, G=1, R=B=0, and Y- 0.59 (a light
grey). When a brilliant blue is being televised, B=1,
R--G=0, and Y=0.11 (a darker grey). Producing Y
according to the ecquation given above therefore results in
a black-and-white picture with a tonal range acceptable to
the human eye.

So far, the encoding described has merely reduced the
colour signals to a black-and-white signal. How does a
colour set separate out the original R, G and B signals?

First, for the sake of compatibility with black-and-white
sets, it has becen neccessary to produce the Y signal.
Further independent signals must now be provided so that
a colour set can use them in conjunction with the Y signal
1o produce the original R, Gand B information. There are,
in fact, two additional signals:

(R—Y)and (B—Y)
and these are called colour-difference signals because, as
can be seen, they result from subrracting the Y signat from
colour component signals.

Adding the Y signal to the two colour difference signals

gives
(R-Y)+Y=R
(B—Y)+Y=B
Thercfore a colour receiver can use the incoming Y,
(R—Y) and (B—Y) signals to produce the original R and
B signals. There is still the problem of obtaining the
G signal in the receiver. This can be done by making
use of the following mathematical relationship.
030(R—Y)+059G—Y)+0.11(B—-Y)
=0.30R+0.59G—-0.11B
—0.30Y—-0.59Y—-0.11Y
=0.30R+0.59G+ 0.11B
Y(0.30+0.59+0.11)
=0.30R+0.59G—-0.11B—Y
But Y=0.30R+0.59G+0.11B
£0.30(R— Y)+0.59(G — Y)+0.11(B— Y)=0

It follows from this that

0.30 0.11,
~(G—V)=g5R~V+g 5B~ 1)

In other words, if the two incoming colour difference
signals (R—Y) and (B—Y) are added together in the
correct proportion, and the sign of the resulting signal is
changed, a signal equal to (G —Y) can be produced.

A simplified schematic of the decoding in the receiver
is shown in Fig. 4.
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Fig. 3. More practical form of Fig. I system.

Note that the final comparison between the colour
difference signals and Y is achicved by feeding a negative-
going voltage proportional to Y (indicated as — Y) 10
the cathodes of all three electron guns, while voltages
proportional to the colour difference signals are fed to
the grids of the appropriate guns. The beam current in
any gun is determined by the difference between the
cathode and grid voltages. Thus, in the red gun the beam
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current and hence the amount of ex-
citation of the red phosphor, is pro-
portional to:—
(R-Y)y—(-Y)=R
Similarly, for the green and blue guns:
(G—-Y)—(-Y)=G
B-Y)—(-Y)=2R

The same effect could be produced
by adding the colour difference signals
to the Y signal before reaching the
colour tube.

Tt has already been noted that the
Y signal gives a good black-and-white
representation of the scene being
televised. What do the colour differ-
ence signals represent? First, assume
that a scene containing no colour—
only black, white, and the intermediate
greys—is being televised. Pure white
may simply be defined as. having ¢qual
quantities of red, green and bluc.
Therefore R - G = B = n, where
n =1 for full white, intermediate
values for greys, and zero for black.

Y 0301 + 0.597 + 0.11n
n
The colour difference signals become
R Y=n—-n
G Y=n—-n=0
B Y=n—n=0

Therefore, when a black and white
picture is being transmirted, Y con-
tinues to have a value representing the
tonal value, or luminance of the scene,
but the colour difference signals dis-
appear. The colour difference signals
only have a value once colour is in-
troduced into the scene. It becomes
.obvious therefore, that the function of
the colour difference signals is simply
to provide information as to the colour
of a scene, while the brilliance, or
luminance, of the scene is conveyed
in the Y signal. For this reason, the
Y signal is called the luminance signal
andthe (R - Y),(G — Y), (B - Y)
signals are called the chrominance
signals.

Experiment has shown that while
the human eye is sensitive to detail
arising from differences in luminosity,
it is relatively insensitive to details
arising from colour changes only. A
banefit of this is that while the Y sig-
nal must be transmitted at full band-
width to get good definition, the
chrominance signals can be trans-
mitted with a considerably reduced
bandwidth.

The remaining problem in con-
structing a practical colour television
system is how to transmit the (R — Y)
and (B — Y) signals without (a) in-
creasing the overall bandwidth of the
system, and (b) interfering signifi-
cantly with the operation of a normal
black-and-white set displaying the
picture duc to the Y signal.

The methods described so far are
common !0 all colour systems. Where
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N.T.S.C., PAL, and SECAM differ is in the methods
adopted in transmitting the (R—Y) and (B —Y)
signals.

Most of the credit for making colour television possible
must go to the developers of the N.T.S.C. system. PAL
is basically N.T.S.C. with modifications based on the
now extensive experience of the problems and operation
of N.T.S.C. in the U.S.A.

N.T.S.C. TRANSMISSION SYSTEM

The basic problem has been outlined above: How to
transmit the (R — Y) and (B — Y) signals in addition to
the Y signal without increasing the transmission band-
width, or interfering unduly with the reception of the
Y signal by a normal black-and-white receiver. The
problem is complicated by the fact that the (R — Y) and
(B — Y) signals can have either a positive or a negative
value. Normal merhods of modulation deal only in
magnitude and not with sign.

The solution adopted in N.T.S.C. has been to use
suppressed carrier modulation. A simple way of looking
at this type of modulation is to assume that the modulating
waveform is chopped by the carrier. The waveforms
resulting from this operation are shown in Fig. 5. For
comparison, a normal a.m. signal is also shown.

Note that when the modulating signal is zero, with
suppressed carrier modulation the output is also zero.
With amplitude modulation, on the other hand, a zero
modulating signal is represented by a carrier of constant
amplitude. Demodulating an amplitude modulated
signal is simple: a normal diode detector will do the job.
With suppressed carrier modulation, however, demodula-
tion is a major difficutty. The method normally employed
is to make use of a second electronic change-over switch
operated in exact synchronism with the modulating switch.
The demodulation process is illustrated in Fig. 6.

For this sort of demodulation 10 work successfully,
there must exist within the receiver an oscillator which
is not only precisely locked in frequency to the carrier
oscillator at the transmitter, but is also closely in phase
with the transmitter oscillator. Fig. 7 shows what
happens when the demodulating oscillator is 90° out of
phase with the incoming signals.

In this case, when the high trequency elements of the
output are filtered out, the net output is zero.

Although there is obviously a drawback in the fact that
the local oscillator in the receiver must be phase as well
as frequency locked to the carrier oscillator in the trans-
mitter, advantage can be taken of this phase sensitivity.
It has been shown that if the carrier modulating the
signal is 90° out of the phase with the receiver oscillator,
then demodulation produces zero out-
put (after filtering the high frequency

components). Take the case where Fig. 9. Encoding and
the modulated signal and the local phase inversion for

demodulating oscillator are exactly in  PAL transmission.
phase, and a correctly demodulated
output is being obtained. If a second
signal is added to the original modu-
lated signal, having an identical carrier

frequency but being 90° out of phase, '
then this second signal will not pro- l !
duce any changes in the demodulated
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ulator is used, driven from the same
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Fig. 8. Technique for conveying two independent sets of information.

from the second signal, and the original signal will give
a zero output. This is illustrated in Fig. 8.

Thus it is possible for a single signal to carry two
independent channels of information.

In the N.T.S.C. colour system advantage is taken of
this by using a single suppressed carrier modulated signal
to convey both the (R — ¥) and (B — Y) information.
The carrier frequency selected is in the region of 4.4MHz.
The Y signal is, of course, transmitted in the normal
amplitude modulation mode used for black-and-white
transmissions. The suppressed carrier chrominance
signal, centred on 4.4MHz, and containing both the
(R — Y) and (B — Y) signals, is then added to the Y
waveform, and treated as normal video information.

Although this method neatly solves the problem of
transmitted (R — Y) and (B — Y) information with no
increase in the overall bandwidth, two questions immedi-
ately spring to mind. Surely the chrominance signal will
appear on the screen as normal high frequency video?
Secondly, will high frequency video arising from the
picture content be interpreted as chrominance informa-
tion, and affect the colour? In other words, the lumin-
ance, or Y, signal can interfere with the chrominance
signals (R — Y) and (B — Y) and vice-versa.

This cross coupling does in fact occur. But by a
careful choice of chrominance carrier frequency—in PAL
it is 4.43361875M Hz—the effects can be minimised. The
chrominance signal produces a fine and unobtru