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PREFACE

OU, lifting up this book to find out whether it is for

dignified engineers, like yoursclf, and not just for

amateurs (or, alternatively, for enthusiastic home-
experimenters, like yourself, and not just for dull
profcssionals) are to be informed without delay that it
is humbly dedicated 1o the use of both.

Though the most gifted writer may fail to interest all
of the people all the time, it is the present author’s hope
that he may succeed in interesting some of the people
(i.c., all thuse who experiment in radio, on however small

or large a scale) some of the time. The only type of

reader in this field whe is definitely excluded is the oue
with the incurably academic mind, far he will be shocked
by the fiequent references to money. The idea that
financial cost is too sordid to find a place in serious scientific
investigation is a politc fiction, not only as regards the
humble amatcur but also the largest commercial gtoup or
Government establishment. It may generate a delightiul
sense of purity and loftiness of soul to pretend that expense
is simply not considercd, but in planning the present work
the author presumed to suspect that some of the high-
souled ones might not be above snalching a fearful joy
by surreptitiously dipping into pages designerd to aid the
enthusiast in doing things ou the cheap.

Then, as regards language, one must neither discourage
the tender novice with unexplained technicalities, no
insult the experienced worker with diffuse baby-talk, To
give some idea of what is cxpected of the reader, a
knowledge of prineiples cqual to that given in Soweiby’s
very readable * Foundations of Wireless ” is assumed ;
and space is not wasted in redigging these foundativns,
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PREFACE TO SECOND EDITION

'HE war has had at least three ellects on this book : it

has increased the number of radio technicians and there-

forc of potential rcaders; it has rendered many
instruments and components no longer readily obtainable,
thus raising the value of improvisation, emphasised herein ;
and it has deprived the author of opportunity for extensive
revision. Nevertheless, such things as Q-meters, crystal-
controlled frequency calibratars, aud double-beam cathode
ray tubes have now been included ; more attention is
devoted to transmission line technique ; and an appendix
sives more information on easily contructed types of bridge.

The opportunity has also been taken of clarifying the
wording here and there, and of bringing references Lo
commercial apparatus up-to-date. It should bLe mnoted
that most prices quoted are al the present time subject o
purchase tax, and that instruments neminally available
may not be practically so, owing to war needs.

In carrying out this wark, the author is indebted to a
number of readers for their suggestions and constructive
criticisms ; and especially to C. R. Cosens, who alse, before
it was written, encouraged the belief that such a book was
needed. In this he has been amply justified. Those
most strangly suspected of being “incurahly academic
have been at greatest pains to express their appreciation of
the line taken in the original prefacc.

To brother (and sister ?) technicians in the Services,
especially, the author hopes this second edition will be
helplul.

M.G.S.
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RADIO LABORATORY HANDBOOIg

CHAPTER |
THE END AND THE MEANS

HE way a laboratory is equipped and carried on

Tdepends vety largely on the purpose it is meant to

serve.  Within the general field of radio there are a

namber of quite distinct purposes, which perhaps can be

conveniently identified by the words

I. Purpose of a Demonstration, Rescarch. Design,
Laboratory Test, and Maintenance.

(@) DemonstraTION.—To repeat the results of others
and 'so gain first-hand knowledge. While this suggests
the technical school with its set experiments, it is a still
~more valuable object for private work. An ounce ol
practice is worth a ton of theory, we are told.  While
the cxact numerical ratio set forth in this statement does
not appear to have been rigorously proved, there is no
doubt that personally confirming experiments gives one
a mastery of the subject that can never be derived (tom
books and Jectures only. Moreover it may land one
unexpectedly right into the middle of

(b) Researci; or finding out morc aboul how
(hings work and 5o possibly discovering something nex.
Some of the most valuable discoveries have been made
as a resalt of mot confirming the findings ol others.
« Take nothing for granted ” is too strict a rule o
observe literally, but the spirit of it is sound. Many
lines of rescarch accidentally grow out of and perhaps
utterly transcend in - importance the original work
Others, again, are deliberately planned and (sometimes

|
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carried (hrough. Turning from these heights that are
50 exciting to contemplate and often so tedious to climb,
we find

Work under this heading really falls
visions—obtaining data for design; and
checking the designs when they have materialised.
This is the main purpose of most of the laboratorics in
radio manufacturing concerns, and on a smaller scale
the same object is pursucd by keen amateurs.  Although
making one’s set becausc it is cheaper than buying it
is no longer a valid motive, it is fascinating and instructive
to compare different methods and to try one’s own ideas.

(d) Test.—The private experimenter ought to make
4 practice of testing all the parts he obtains for his work
—it is hetler to start doing this voluntarily than to be
driven to it, sad but helatedly wise—and although in
large organisations this work falls to the Test Room
there are usually special tests that cannot or ought not
to be done there. Tracing obscure faults in receivers
and other apparatus may be included in this division.
Lastly

(¢) Mamrexance—This is probably common to all
laboratories, from least to greatest ; for there is always
plenty of work to be done in keeping the instruments
and other equipment in perfect order, making and
checking calibrations—valve voltmeters for example
ought to be checked quite often—and setting up new
apparatus.  Nothing is more exasperating when carrying
out an experiment, than continually having to digress in
otder to locate and cure faults in the apparatus, or
(worse still) to take a long series of readings and then
sooner or later to discover that they are invalid owing
to instrumental vagaries.

This list, drawn up to help clarify ideas, is intended
mainly for the experimenter who is setting up his own
laboratory :  the paid worker is
2. The Question generally not in a pesition to choose
of Equipment @ la carte. When in process of
cquipping a laboratory, one may save

2
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noney by first considering rather carefully what one wants
to do. The most gorgeous plant without inspiration may
be less truly a laboratory than the cormer of a living room
with a few simple home-made instruments. At the same
time, one cannot set out to investigate the properties of
long wave directional aerial arrays in a small flat. But
it 18 possible to make what might prove most valuable
obscrvations with little more than an ordinary receiver.
The “ Luxembourg Effect " was not discovered by means
of elaborate and costly apparatus, nor was it predicted
as a result of intricate mathematical calculations ; the
equipment was a recciver and slightly more than average
obscrvation. Yet here was a discovery that gave the
scientists a valuable new line of approach to the problems
of the ionosphere.

There is still room for work that takes the form of
systematic observations, requiring little apparatus other
than a good receiver and perhaps an output meter.  But
the emphasis should be on the word systematic. With this
equipment the experimenter can study such things as the
influence on reception ol time, seasou, weather, and

ical ph and  how length  an:
situation of station enter into the results. This is work
which is most likely to be fruitful if co-operative, and
there arc organisations that arrange for and collect data
taken over a wide area. Although much of this work has
been very thoroughly prosecuted by hodies such as the
Radio Research Board, it has not been exhausted, par-
ticularly on the very short waves. These waves are
especially suitable for study by the private investigator,
for a number of rcasons, among which may be mentioned
the practicability of testing and comparing various types
of resonant aerials without necessarily having at one’s
command cnough land to make an aerodrome.

Much of this sort of experimental work can be done
without making heavy demands on apparatus. In fact,
it may be far cheaper than the construction of modern
broadcast receivers | So far nothing very suggestive of
laboratory apparatus has been mentioned. But even
when the chosen experimental work can be carried on

3
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with only a receiver it is at least desirable to have something
of the natwe of a laboratory, if only for ensuring the very
highest degiee of reliability in that recciver. Work is very
restricted without some mcans of producing an artificial
signal when required. measuring wavelengths, and checking
resistances, inductances, and capacitances. Meters for
checking circuits and taking experimental readings,
ascillators of various types, and controllable power supplies
are constantly nceded whenever more general experimental
work is undertaken. And so one goes on.  The question
is how to lay out Jimited funds 10 the best advantage.
‘The factor of cost will be taken into full consideration
when equipment is described in detail in subscquent
chapters ; but in the meanwhile it is
3. Selecting for possible to make some general
Minimum Cost  observations.

Assuming that cxperimental work
is not a flecting passion, there are certain instruments
which will be practically essential now and always, and
which do vot quickly become obsolete. For these it is
lalse economy Lo go in for the very cheapest that will just
do at the time.  What are looscly but very conveniently
termed © mcters 7’ certainly come in this category.  So do
standards of resistance. capacitance, and so forth, Good
workmanship now as ever costs money, and in the ordinary
way a high-grade instrument by a famous firm always
commands a good price. In the ordinary way 3 but one
does sometimes pick up exceptional bargains second-band.
‘The author was fortunate enough to be in the market
when a firni with a lavishly equipped laboratory went out
of business. But as bargains do not generally carry any
quarantee it is obviously advisable to be able to chech
them against standards ; and of course such buying calls
for discrimination il it is to he successful.  Unless one can
get somcthing much better this way than could be afforded
otherwise, it is perhaps wiser to be on the safe side and
buy a new instrument, Sometimes, however, the original
makers can supply used instruments that have Dbeen
reconditioned and recalibrated and are practically cquiva-
lent 1o new, exeept that perhaps they are not of the latest

4
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pattetn.  But of coursc one cannot in this way expect to
save a vety large proportion of the cost ol a new instrument.

Decide, then, what apparatus is likely ta be of permanent
value, and get something of higher quality than appears

to be justificd, even if it means
4, True Economy postponing other purchases.  In doing

so do not overlook the possibility of
unit instruments, consisting of « nueleus to which accessories
may be added as required.

Versatility is an imporlani feature to be considered.
Careful choice may enable a few instruments to take the
place of many.  But do not let catalogue descriptions rush
you into buying a jack of all trades and master of none.
And remember, too, that one instrument, however good,
cannot be in more than one place in the circuit at a time.

With regard to more specialised (ypes of equipment of
which there is now such a vast and rapidly increasing
variety—oscillators, distortion meters, valve voltmeters,
and so on—more caution is necessary. They arc constantly
changing in design, are generally expensive, and tend to
hecome obsolete Tairly rapidly. This is not to say that a
good signal generator, for cxample, is a bad investment ;
it is just that one needs to exercise foresight.  People who
a fowy years ago bought expensive signal gencrators working
only on medium and long waves find them very restricted
to-day. Valve testers become obsoletc almost as soon as
designed. he writer remembers a magnificcnt example
(hat must have cost well over £100 and legisiated for
everything that could be imagined ; the cabinet alone
cost more than it was wise to pay for a complete valve
tester. To-day, this marvcllous ivstrument would be
incapable of doing anything with the more intercsting
types of valves ! It is bad policy to spend a lot on a
splendidly finished and symmetrical instrument if the
development of technique makes it necessary after a shoit
time to disfigure it with some makeshift alteration.

It is hereabouts that we enter the
5. Making One’s field of things that it may be advis-
Own Apparatus  able to construct rather than buy.
One should not run away with the
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idea that it is necessarily much cheaper to do so. When
the time spent on experimenting has been taken into
account it may be quite an expensive way. But a private
worker does not often rate his time very highly, and he
learns all the time ; and a technical department is often
able to present the cost of construction to the directors in
a less disturbing form than that of an outright purchase.
Slack time of mechanics can be employed, for instance
and in technical colleges the students actually pay to be
allowed to perform such services. The advantage, too, of
being able to suit onc’s own needs may amply compensate
for possibly a limited standard of workmanship. As a
matter of fact there are comparatively few items that really
need be made up in permanent form—much of the work
can be more efficiently, economically and adaptably
carried out with temporary “ breadhoards ™. Then there
is no griet'if the specification has 1o be modificd.

"The gilt of improvisation is a very valuable one, especially
under war conditions.  The experimenter who has to wait
until he gets the correct material is not likely to go far.
"This is no argament for untidy, slipshod equipment. Most
people, if not all, do better work with neat apparatus. But
the writer has seen important research of the most refined
accuracy being carried out in the box-room of a small
suburban house with the most amazing collection of junk
to be seen outside the Caledonian Market.

CHAPTER 2
PREMISES AND LAYOUT

HE piivate experimenter who perforce las (o fit his
“lab.” somewherc into the house is apt to envy his
professional brother who is allowed funds to build
premises specially for the purpose. The latter, on the
other hand, is apt to realise too latc
6. How Premises that his resplendent ** Technical
Affect Results  Wing ” is abominably noisy, is riddled
of Work with interference, and is acoustically
useless for giving a correct impression
of how loud speakets sound in their natural environment.
Tnn more than one case known to the author, large manu-
facturing firms have eventually been driven to take over
house property for laboratories.

What was said in the last chapter about the natuie of the
work deciding the best preparation for it applies with
special force to the matter of premises. Tor some pur-
poses, such as pure research, an isolated hut on a moor
would be idcal, because of the absence of disturbances—
electrical, acoustic, or vocal—and because of the possi-
hility of erecting aerials without complications due to
adjacent buildings and other excrescences. But where the
work consists in the development of receivers for the
market one does not so much want conditions that are
ideal as those that are ulira-real—a little moze interference
and noise than in the average dwelling ; rougher mains ;
and a rather worse aerial even than Mr. Citizen puts up in
the garden.  The author once worked in a laboratory on
factory premises, where a_certain amount of noise and
vibration was incvitable. Delicate bridge adjustment, by
mitror galvanometer or phones, was exasperating in the
cxtreme. But the sets designed there got a fine reputation
for range, qualily, and volume. It is incredible how much
differenice an unnoticed background of noise actually
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akes.  Laking a reproducer away from such conditions
into a quiet home iv like adding a stage of power ampli-
fication

nfortunately in this same lactory the mains were of
exceptionally purc wavelorm. So the sets also got a
reputation for hum. The combined cffect of good mains
and bad listening conditions completcly masked any
imperfect smoothing, and it was essential 10 make all tests
of this nature clsewhere.

That example is quoted (o emphasise the importance
of the setting for one’s work. Although the requirements
and facilities of private and professional workers are very
diverse, it is hoped that the reader of the following dis-
cussion of the question of premises will find it possible, by
means of slight mental adjustments, to adapt it to the
scale of work in which he is interested. As it is the
amateur whe is most likely to be restricted in oppor-

tunities, it is he who is held chiefly in view, hut if much of

this chapter  sounds 1ather poverty-stricken to  some
[ortunate engineers there are always others whose material
difficulties rival, if they do not exceed, those of the private
individual.

Assuming fivst of all that funds are available for special
premises, an isolated building has much in its favour

provided that it is suitably constructed.
7. Buildings to  This means substantial brick walls,
Special Order if possible of the cavity type, and a

lining throughout of some sort of
building board. If there is a flat roof—of couwse it
must never be quite flat—there should be an air space
between it and the ceiling; and the outer surface is
preferably of a while material that is sclf-cleansing, not a
dull black which radiates heat in winter and absorbs it
in summer.

The object ot the lining is to help in keeping the place
at an equable temperature ;5 the usual huts hastily put up
for technical stafl cost a fortune to keep warm in winter,
and are like ovens in summer. When a cold spell is
lollowed by a sudden warm west wind, the resulting
condensation indoors is ruinous. A building board lining

8
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also provides reasonable acoustic conditions, and lends
itself to serviceable decoration and to practical con-
senicnce generally.

If the technical department is to be extensive, it is
generally [ar better that it should 1ake the form of a munber
of small rooms rather than a very large onc. Space can
be hetter utilised if there arc plenty of walls : and jobs can
be carricd out with less mutual disturbance. So an
ordinary house of suitable size may be better than a special
building.

Heaiting is important.  Ifthe room is well heat-insulated,
it is not extravagant to consider thermostatically controlled

electric heating. The uniform tem-
8. Heating and  perature so obtained is very valuable
Lighting for preserving accurate standards, to

say nothing of personal comfort.
Whatever the heating system, it should not produce water
vapour in the room as do certain gas-heated radiators.

Lighting is also important, Strong direct sunlight is 1ot
good for apparatus, but there is difficulty in getting enough
all-north natural lighting without excessive window space
and loss of heat. Doulle windows arc considered faddy
in this country, though it s difficult to sec why. One can
hardly go too far with electric lighting. In addition o
well-diffised_general lighting there should be plenty of
flexible mm lights, mounted clear of bench space, that can
he brought right on to the job for reading meters and

wiring and in awkward corners.

Then there are interference suppressors.  Even if it is
desired at times to test receivers in the presence of inter-
lerence, there should be means for cutting out severe local
interference that might make certain other work difficult.
An isolated building such as is being considered just now
lends itsclf to this, by the installation of a filter wherc the
mains enter.  Where complete absence of external fields is
cssential it is necessary to screcn the whole room with wire
nclting, which may conveniently be in (he space behind
the board lining.

Considering now the amatcur, he may have choice
whatever of premises, nor perhiaps even the exclusive use

9
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Fig.l  Another view in the Author's lsboracory. On the left is the universal bridge
dexcnbzd on p 154, At the t0p 15 Its ratio arm box, with a decade resistance box on
each side of 1c, all standing on the screenea cransformer and switch unic, below which
i the low-impurity sandard mutual indvctomeer —the standard of reactance s the
deesde boxes are of resiztance. To the right of these is the amphfier for phones, with
the frequeney measuring bridge above. To the Rght of the amsiifier is the source
coneral box, The 800 cfs source Is beneath the bench, and the beat frequercy source
can be seen an the Frontispiece, extreme right  To the right of the frequency bridge
are 2 number of standard high-Q coils.  On the bench can be seen the slide back vatve
volmeter (p. 201} being used in comunceion wich the dynacron ume (5. 193) o invesc.
gote & cuning coll. Below is a tapped transformer for running apparatus at other
voltages (han the mams. For th other side of the bench, see che Frontisprece
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of a room. Where the house is old
9. The Amateur’s and large the chances of appro-
Laboratory priating at least an attic or basement

are quite good, but a modern house
is generally the next size smaller than that which will just
hold the family. As regards choice, if any, between attic
and basement ; in the absence of further data the author is
disposed to advise the latter, because a screened trans-
mission line can be used to make connection with a distant
aerial, whereas a long earth lead has disadvantages that
are not so readily overcome. This may not apply quite so
decidedly to a stcel-framed building, which elecirically is
almost a continuation of the solid earth.

One may be obliged to consider a roof loft. It has been
asserted that lofts make excellent workrooms. The author’s
personal views do not incline in this direction, for his
experience of them is that they can never for long be other
than dusty ; that they enjoy what the geography bocks
call a Continental climate, heing too cold in winter and too
hot in summer ; and that the trapdoor constitutes a grave
danger to the preoccupicd rescarch worker. Even if the
personal drawbacks are heroically overlooked, it cannot be
denied that dust and extremes of temperature arc pai-
ticularly bad for apparatus. Nevertheless the author has
scen a loft lahoratory used successfully for really advanced
work. Seclusion is an advantage that can hardly be
overestimated, and one gets it better in a loft than in most
places. An aerial lead-in can generally be arranged to
come conveniently above the operating bench ; but it is
worth going to the trouble of ensuring that it is trulv
weather-tight. Damp is the remaining chicf enemy,
unmentioned above, of apparatus. Another advantage
of a loft is that one can siring wires around, and generally
dlamage the premises in ways that would never be tolerated
downstairs—or should one say downladders ?

Sometimes an outdoor shed can be appropriated, o1
buile. Conditions here are not unlike those just described.
In winter it is difficult to make it an attractive retreat, and
damp weather has disastrous effects on the cquipment.
unless there is the unusual Juxury of permanent heating.

1"
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[n summer, too, both worker and apparatus may sufler
from the climate. But oppressive restrictions on the
rescarch worker arc less likely to be cnforced here than
indoors.
1f considerations of comfort, convenience, or necessity
indicate an indoor room, and the experimenter is not in a
position to cxercise the rights ol
10. Storage dictatorship, it may be possible (o
come to terms with other interests by
carrying on the more unwelcome activities—such as
actual construction, and perhaps accumulator charging —
out in the shed or garage. If the laboratory miust, as a
last resource, be shared, the guiding policy is to arrange for
cverything to be shut up under cover and out of sight when
not in use. An old roll-top desk is an cxample of sonmie-
thing that would make an cscellent nucleus ; the desk
surfaces can be used for working, and the pigeon-holes and
drawers for storing apparatus, ctc. An old-fashioned
wardrobe of ample proportions, with sliding shelves, niakes
an excellent store cupboard, and might even be adapted
as a sort of work cabinet. There are other varieties ol
furniture that can be used for working and for storing the
apparatus ; a search around the house or in the local
furniture market will probably suggest useful possibilities.
Whether or not a strict cover-up policy is forced on the
experimenter by other members of the community, jt is
not a bad policy to adopt anyway. It is worth acquiring
such cuphboards, burcaux, filing cabinets, or nests ol
drawers as may be available, for storing instruments,
components, laols, wite, valves, papers, and so forth. Goud
rganisation in this respect is worth while in saved time
and space, creates a favourable impression, and kecps
things in good order and condition. A chest of many
shallow drawers is much better for storing the smallet
articles than the usual deep drawers which necessitale
things being bundled on top of one anotler. Some
drawers should be subdivided, cggbox fashion, to take
valves, 1csistors, fixed condensers, small tools, cte., in
(lassificd arvangement, so that it 3 nol necessary 1o r
(hrough the whele lot every time in order to find the right
[}

PREMISES AND LAYOUT

denomination. Incidentally, it is a good thing (v run
through one’s stock of components now and then, par-
tienlarly of resistors and condensers, to check the values.
This may save much perplexity caused by taking them at
their face values. Matchboxes are wuscful for screws,
terminals, ete., cither by using the trays to subdivide a
shatlow drawer, or by gluing a stack of the complete boxes
together to form a nest of small drawers, with hoot-
buttons for knobs.
Space is nearly always at a premium ; and while it is
very nice to have plenty of large tables or Lenches -on
which to set out one’s work it is very
1. Layout seldom that there is 100m for this
sort of layout. It is necessary then,
as in the city of New York and for the same rcason, to
resort to vertical building. A very compact arrangenmient
consists of a wooden cupboard placed, not in the usual
position against the wall, but sticking out into the room, so
that the Dack can be used for supporting instruments,
switchboards, shelves, etc., above the work bench. A
space of a few inches should be left behind the back board
for wiring. If there is 10om, one may have [urther
Dbenches around (he working space, forining a sort of
cubby-hole where cverything is near at hand, cxcept
the less-used gear whicli is kepl on the other side. Fig. 2
shows a layout of this type. Al all costs the tendency to
use bench top space for storage must be combated.  If it is
not, the actual working space soon becomes ctowded out.
Methods of sctting up apparatus are worth considera-
tion; the following types of layout can be clearly

distinguished :—
12. Arrangement . The Quick Heokup (Tig. 3)
of Apparatus consists of a number of scparate

components—valve  holders, trans-
formers, etc.—fitied with terminals and linked vp by
lengths of wire. This method is the most temporary of
all, and apast fiom students’ experiments which have to be
cleared away the same afternoon has few justifiable applica-
tions. If there is to be any real saving of time the com-
ponents must be fitted with good big terminals, preferably

13
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of the double or triple decker type, and there nwust be an
ample supply of preparcd lcads. Inter-wiring capacity is
likely to be high, cantacts poor, and shart-circuits probable,
owing to operating components not heing firmly mounted.
Tt is non-portable, aud if the experiment drags on it may
he an incubus. '

2. The Bieadboard (¥ig. g6) takes perhaps a little morc
fime to set up, and certainly more time to dismantle ;
also is not definitely a horizontal space saver : but is
practically indispensable for quickly assembling a circuit
for temporary use, or for checking a design before
irrevocably drilling holes in the permanent panel. The
assembly forms a portable unit, and can be moved away

]

1i£.2 : Plan and perspectin views

of s compact |sboratory fayout
wit- 3 stor: cuphoard and work-
beren back 1o back. Note sgaca be- ™
cween for conceiled iring, shel
besow for bailuries, e.c, veriical
mourzing of apparacus, and hooks

for connert 1, ‘eads
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Fig. 3 = The "' quick hook-up " ~the mos: 12mpora-y form of
apparseus nsembls

1o make room for other things. Tt is superlatively cheap,
and is likely to work much better for permanent use than
more sightly units.  But it collects dust. In the ordinary
form consists of a slab of wood, preferably ply not less than
Lin, thick, on which arc screwed all the components. TCis
delightfully easy to shift components about and experiment
with diflerent” wiring arrangements, and everything is
accessible. Operating components—variable cond
rheostals, ete.—and terminal strips arc generally mounted
on small vertical strips of wood screwed into the edge of the
hoard ; a stock of such components ready mounted 15
weful. €. R. Cosens recommends a modified form in
which the board has }-in. to 3-in. wood battens screwed
along the edge on the lower side 50 a3 to form a hollow base
where wiring can be more neatly carried out.  Certain
components are more easily mounted, and the battens
give better support to uprights. Mctal coated plywood
{ Plymax ) is obtainable (from Venesta Lid., or through
Messrs. Peto-Scott) for use when a conducting base is
needed. By this time our breadboard is nearly

3. The Chassis (Fig. 4). This familiar mount, con-
sisting of an inverted metal tray or shallow box, can he
obtained from radio supply stoies, or made up to size
from mctal sheet. If sloping sides are not objected to,
it is also purchasable, tinned ready for soldering, from
Woolworths, where it is better known as the baking
tin. Aluminium is casy to work but diflicult to make
sound contacts with; copper is good but fairly ex-
pensive ; steel s g Ly used for ured
apparatus. The metal chassis is the mest practical

15
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Tie 4 ¢ An exampis of
e chasin foim o
embly

medium for screened coustruction ; and, where a perma-
nent asserubly of a lairly adapiable nature is requived, i
preferable to the breadboard. It lends itsclt to incorpora-
tion in boxes and cabinets of almost any type.

4. The Platfoom Frame (Fig. 5) comes inta use when
several units of the breadioard ‘or chassis type ate (o be
combined, or when a oo
morc compacl arrange- frame and
ment than a single laige  mouningsev-
board i desired. he ‘“’"”L"wf‘ @
Irame and platforms may
exist as a sell-contained structure, on
which any asscmblies can be supportcd
temporarily ;  or the breadboards or
chasses may themselves form the plat-
forms—an arrangement more suited for
permancent assemblics. I it is adopted,
the construction ought to permit any one
unit o be removed for inspection.  If
desired, the sides can be filled in with
panels, dust covers, or prolective wire-
guauze screens,  Or a popular type of
tray filing cabinet may be adapted as
the structure, provided that ventilation

16
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is introdnced where necessary, This system is w cheap
and fiexible one, especially suited to amateur require-
iments and capabilitics ; and used to be the most popular
arrangement for transmitters, but is now giving place to

5. The Vertical, or Telephone, Rack (Fig. 6). A sub-
stantial [rame, usually of iron or steel angle or chaunel

Fig. 6. The tele

phene Lype of rack

for verucal mounc-

ing (Moirhead & Co,
Lef)

section, 19 in. wide, i wsed 0 suppmt vertical pancls, to
any convenient height. It is obviously the best scheme
when the apparatus includes many controls, metexs, jacks,
and so on ; but almost any unit can be accommodated—for
instance a broadcast receiver chassis or a gramophone
turntable. Bracing supports are needed when the wuit
is heavy and projects far back or forward. 'U'he most usual
form of unit which inclndes valves. lc, that cannot
17
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Fig 7: Troliey mounting is paricularl

suiabie for much-used bufky unti. - The

unstrumencs shown are che General Radlo

Co's 603-A Standard Signal Generator
and 583-A Outpuc Power Meter
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conveniently be mounted on the
panel itself, is a i shaped struc-
ture consisting of a panel with
a platiorm_at right angles be-
hind it. In order to avoid
straining or flexing wites teading
hetween vertical and horizontal
members it is essential for the
structure to be well braced.
Dust-covers removable behind Fg 8, Mo plues
protect the apparatus, and the units_enable them o
wiring between units may if [ G e o=
necessary  be led through

screening conduits. The system is rather expensive fo
carry out properly, but makes a very neat and adaptable
job for permancnt use. A modification, valuable for
allowing the hack to be got at without leaving space hehind,
is to hinge the panels, enabling them to be swung open
like doors.

6. The Trolley (Fig. 7). Sometimes one has a bulky unit
that occupies valuable space in any one position, and is
difficult to lug about or apply at the most useful points.
The solution is to mount it on a trolley. The large stores
sell such trolleys unpolished for a few shillings, and they
form most convenient receptacles for such things as cathode-
ray tube appaatus.

Instruments as bought, and sometimes as made, take
none of the aforementioned forms, but consist essentially al
boxes. Tt is a good idea to fit thesc with mirror placs to
enable them to be hung one above another on the wall or
backboard of the benclt (Fig. 8).

Ifit is decided to construct a work beneh. it is wise to see
\hat it is strong and rigid. Boards invariably shrink and

watp, leaving crevices for small screws
i3. Benches (0 hide in, 50 a sheet of thick linoleum
over the top is very pleasant for
working. A shelf near the ground helps to brace the
bench, and is most uselul for supporting batteries, power
units, and other heavy equipment.
19
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53] gy
4 Then there is wiring. Il
there is company’s supply, and

i C.

1 more especially if it is A.C.,
there should be an abundance

Grba Chnisn of points, otherwise,

Pounca. 1615 impors 14.  when there is a sol-

SR B e Shatallhe mevat ng dering iron, a check
well earthed receiver, a  mains-

diiven oscillator, and a valve
heating transformer going, it may be dillicult to find another
point to cannect a bench lamp, a heater, or a tan.  Thus
it is a good policy to scatier sockets about fairly freely, each
separately switched in the “ live ™ side (Fig. g). A good
place is just underneath the top surface al the hench.

A soldering iron is nearly always wanted at a moment’s
notice. so provision for heating it up quickly, and then
keeping it on permanently at a low enough temperature to
avoid burning, i valuable. Some stands incorpoate a
switch to cul in a resistance for stand-by ; alternatively, an
old alloy piston can e sticed across at gudgeon-pin level
and mwed a5 an anti-buening stand {sce Fig, 10).

It is necessary lo decide whether (o standardise pin
sockets or hayonct sockets lor gencral use: comtrary,
perhaps, te popular custom, the author prefers the latter,
as they minimise the necessity for adapters, and the plugs
do not fall out accidentally.

And here a warning must be sounded. There have been
some sad examples of what the amateur and even so-called
professional wireman can do.  Bits ol ordinary wire
twisted around mnails, and so forth. There are several
why you should make a proper job of it. One is
you do not, the supply authorily has right ol action
against you, Another is that shoddy wiring is a cause ol
fires, And another is that jt leads (o leakages that intro-
duce hum and other undesirable effects, shock, amd break-

20
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down. So use lead-covered electric lighting cable af good
quality, with all sheathing honded together and soundly
carthed—preferably by a different connection from that
used for radio.  Prabably the whole lot of sockets will have
o connect to the mains at some one original point in the
wom. Try to arange matters so that, if’ a luse goes
because of some work heing done, it dues not plunge the
place into darkness.  For example, il the bench connec-
tions must be taken from the branch lighting circuit,
provide fuses on the bench sub-branch of a slightly lowes
curtent rating than those protecting the whole branch.
And remember that any mistrust with which the supply
autherities may regard the system will be greatly intensified
it they find lamps being used on a power circuit, at a loner
tatifl,

The need for gaod scieening and carthing is gieater
where D.C. is concerned, because the ligh-pitchied com-

mutator tipple has a way of getting
15, Earth and  mixed with the output of amplificrs,
Aerial and is particularly unhelpful in bridge
work.

A good " carth 7 is important ; a main water pipe close
to wheze it goes underground is generally satislactory, and
saves a lot of manual labour. But il a specialiy-madc
earth is needed its requirements are (1) plenty of exposed

Fig. 10, Suggesuon
for an ant-burning
solderingironstand,
made from an old
piston

waRM uP sTanD v
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wetal surface in contact with the ground, (z) burial deep
enough to be in permanently moist soil, (3) no corrosion
(lead tape or piping brought right into the room is good),
and (4) a short run [rom ground to terminal, It is an
excellent idea to bury the metal in two cqual lots, hrought
out to separate terminals. Their condition can then be
cliecked at any time by measuring the resistance from one
to the other, preferably with A.C. (0 minimise clectrolytic
effects.  The resistance of both in parallel cannot exceed
a quarter of this figure.

Aerial and earth should be i of

those used for the houschold receiver. In fact, it is a great
. mistake to attempt to do without an
16. Connections entirely separate family listcning sys-
tem. Bul it i often very convenicnt,
when the lab. is in a different room, 1o have at least one
pair of wires running between the two.  And il as one has
a right to expect in an experimenter’s house, there is
loud speaker extension wiring all over the place, some way
al tapping on to it in the lab. is useful. ~ An interconnection
systern is valuable also if for any reason it is necessary (o
split up the lab., even if it is only a matter of two benches in
different parts of « room. A number of wircs, preferably
af really heavy gauge, joining such benches and brought out
to terminal strips or sockets, enable these parts (0 be used as
awhole. ITall of one space is occupicd by the source of a
test signal, for example, the signal can be piped through
this line and used elsewhere.  Or power supplies from a
commmon source can he distributed. Even when mains
power is available it is difficult to get on without batteries
altogether, and some sort of switchboard for controlling
them may be worth having,

Lastly ; one must not fail to lay in a good stock of
flexible” connecting leads of various lengths from a few
inches up to a yard or two ; some with tag or tinned
ends, and some with crocodile clips; single and twin,
Nobody seems yet (o have entirely solved the problem ol
how to store them neatly so that the right type and length
can be instantly sclected, but perhaps a serics of cup hooks
serves the purpose as well as anything.

22
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CHAPTER 3
FUNDAMENTAL PRINCIPLES OF MEASUREMENT

HE scenc is a palice court. 'The case is one of alleged
dangerous driving. Witnesses arc called. Some say
the accused was travelling at 29 miles per hour;
some 40; some 6o. Some merely declare that he was
travelling at a terrific speed. All
17. Measurement very inconclusive and unsatisfactory.
v. Guesswork Personal judgment, ignorance, preju-
dice, rather than facts, determine the

evidence.

Another case. The witness this timc is a mobile
constable, who states that when he was driving hehl.nd
accused at the same speed his speedomoter read 38 miles
per hour. The inference, presumably, is that this is the
speed at which accused was driving. The data in this
case are far more satisfactory ; but not beyond challenge,
as any good defending counsel would demonstrate.  There
would be penetrating cross-examination on how and when
the police-car speedometer was checked, and ho\«{ did
witness know he was travelling at the same specd.  Trans-
lating it from the language of the law court to that of the
laboratory, what were the instrumental and personal
crrors ? In such an important matter as legal action,
affecting perhaps the liberty and reputation of a citizen,
evidenee ought to include not only the figures but also the
Timits of probable or possible error. At present that scems
rather too much to expect of a law court, but it is accepted
practice in a laboratory. Measurcment is the basis of
scientific progress; opinion, guesswork and assumption
are its chiel encmies.
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One might supposc that in the very Temple ot Science
itself, the laboratory, there would be no room for these
reactionary forces. But they are
18. False constantly at hand, ready to obscure
Assumptions onc’s work. Radio itself would
probably have been established much
carlier if authotides had not decided that it was impossible.
Later, radio cngincers noticed that as the wavelength ol
transmission was reduced the range apparently became
less and less 5 so they assumed that very short waves would
be useless, and allocated them to amateurs.  Subsequently
they found themsclves more generous than they had
intended, when it turncd out that these waves are the
only oncs suitable for very long ranges.

How oftcn when carrying out experiments one observes
that X steadily increases (or falls) in some sort of proportion
to Y, and is tempted to miss out the last few readings and
extend the curve by frechand.  Or when some unexpected
effect is noticed, how easy it is ta make an explanation
for it that will save the trouble of really finding out. It
is nearly always worth while following up anything that
does not work as it should, rather than dismissing it as
** experiniental error ’, or cooking the results until they
come “right”. It may be the key 1o something new.
At the worst it will clear the matter up and give you a
better grasp of the subject. The difliculty is that in’ these
days work must be got through so quickly, and there is no
time for exploring every little side track that appears in
the course of routine. I there were timc, few have paticnce
to check the obvious. But it is the ideal to aim at.

Coming now to consider actual methods and means of
measurements ; if X is the object to be investigated, the

measuring  instruments  required
19. Fundamentals usvally include a source A, an
of Measurement indicator B, and often a standard of
comparison C. This can be illus-
wated by a simple functional diagram, Fig. 11, which
should be observed, because it is the basis on which the
next three chapters are arranged. To take a very simple
example, the resistance ol a piece of wire X can be measured
24
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by applying a hattery A of known voltage and using an
ammeter or milliammeter B to 1ead the current passed,
from which information the resistance can be worked out
by applying Ohm’s Law. Observe that the voltage of the
battery must be assummed or measuted, and that the meter B
must be accurately calibrated over a suitable range. An
error in either of these affccts the result.

Fig. 11 : Functonal
dizgram of che pro-

cess of m:lxuremeV
An alternative method

s available if one has aEl

standard resistancebox C.

Any battery and current 7

indicator can be used, so

Jong as a reasonable de-

flection is given. When T

the deflection has been read, the circuit is switched through

G instead of X, and C is adjusted until B shows the same

deflection. The resistance of ! is then the same as that

of X. Note that only one datum is needed instead of two,

and that a standard resistance, being a simple fundamental

clement without moving parts, is more likely to maintain

its original calibration, and in any case can be obtained to a

arcater accuracy, than deflection instruments of comparable

cost and robustiness. X

This simple cxample has been described at some lcngth

lecause, in addition to illustrating the classxﬁcauqn whgch
will be adopted when discussing

20. Choice actual instruments, it also illusirates

of Method an important distinction among
methods of measurement.  When

making any measurement there is usually a choice of

methods, and in general they can be divided inlo these
two classes, which may be called indirect (becausc the
Linknown is established by deduction [rom other quantities),
and comparison. In Chapter 6 it will be shown that the
comparison method itsclf has two variations. Of course
cvery method must be judged on its merits for each
individual job, but after considering this cxample it will
»* 25
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e fairly clear ihat where reliability and accutacy aic
impottant the comparison method is to be preferred.
The fewer data, such as calibrations, that have to be taken
for granted, the better. And the simpler and more
fundamental the standard with which the unknown is
compared, the more likely is the result to be accurate.
Resistance is a fairly fundamental quantity, depending on
Iength, thickness, material, and temperature ; and if the
material is properly chosen the cffect of temperature
—the only variable factor—can be made negligible.
But the amplification factor, u, of a complex valve depends
on so many operating conditions that compatison with a
standard valve would be a relatively unreliable as well as
inconvenient mcthod. Instcad, the amplification factor
can be cxpressed in terms of something even simpler than
a resistance—a mere number, the ratio hetween (wo
resistances.

Always try, then, to sclect a method that expresses the
unknown in the simplest terms. That is why bridge
methods are so favoured for accurate work—the unknown
is often expressed simply as a ratio, or is balanced against
some [undamental standard.

In making a complicated measurement the bench may
be covered with instruments, and if each of these is subject

to an error that proportionately
2[. Avoiding affects the result, the final accuracy
Errors may be very poor. The experienced

worker devises his methad se that the
factors allecting the resulc are confined to a lew well under
control, and, if possible, so that unavoidable crrors cancel
out in the result. Take for example a valve voltmeter,
One way of using it to measure R.F. resistance {described
in detail later) nccessitates taking two or more readings of
voltage. Now the calibration of a valve voltmeter of the
usual type depends on a large number of factors that may
not be known to great accuracy, and may have altered to
an_indeterminate extent since it was last checked. So
quite apart from errors elsewhere in the system, the voltage
readings are subject o a number of errors diflicult (o
estimate. The more widely different arc the readings,
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the less likely are their crrors to cancel out in deriving the
result.  But if the voltmeter is used merely (o indicate
equality in two tests, and the result depends only on the
adjustment of a substitute resistance, the most that onc
assumes about the voltmeter is that its deflection duc to
that one particalar voltage has not drifted in the shott
interval necessary for making the adjustment. The
calibration is not used at all. The principle is to work
the method around so that the factors controlling the
results are the fewest and most rcliable standards in the
laboratory. Ewery reading is subject to error, but some
arc much less so than others. That is why the best method
depends very largely on the relative reliability of the
instruments ~ available in the particular laboratory
concerned.

You yoursclf, the observer, are one of those instruments,
and (with all due respect) perhaps not among the most

reliable. It is extraordinarily easy to
make slips in rcading scales, noting
the positions of range switches, con-
nections, and conditions generally,
and in performing calculations and
drawing conclusions. Regarded simply as an indicating
instrument, the human body is impetfect. We have
already seen that human eslimates of, say, speed, are
highly unreliable. In radio, personal estimates used to
be the only methods available for measuring such things
as signal strength,  Thus arose such units of signal strength
as “Phones on table”, * Audible in next room” and
“R 9. The last was an attempt to put the thing on
some sort of comparative basis, but obviousty one person’s
R g might be another’s R 6, if the receiver and its adjust-
ment were diflerent, the background noisc greater, or the
enthusiasm less.

Tt is now possible lo measure signal strength quile
comveniently and definitely on a meter ; but the car is
still largely relied upon to judge the
volume, tone, and distortion of repro-
duced 'sound. One may contend
that as the ear is the ultimate judge
st 27
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ol this, it iz the most valid measuring instrument. On the
same principle the eye is the ultimate judge of the proper
length of a dress; but the sale of textiles would be
complicated by much misunderstanding il no tape-
mensures or yardsticks existed. It is only by long
experience that one realises how unsatisfactory aural tests
really arc. Individuals’ cars differ more than is generally
supposed. Individual tastes and ideas about how things
should sound differ even more. A person who listens to
a loud speaker and then goes away for a few minutes
cannot on his return be relied upon to judge the relative
volume within 50 per cent. of the corrcct amount.  Still
less can he judge, if the programme, the room, and the
background noisc have been altered. Apparent balance
of tone in a reproducer depends vitally on the nature of
the sound it is handling. Unless the characteristics are
unmistakably pronounced, it is hopeless to try to compare
loud speaker A heard last week with loud speaker I3
working now in a different room.  Even the direct switch-
aver test is uncxpectedly tedious and cxasperating. A
judgment made on one uccasion may be reversed later
when the programme changes. The indefiniteness of such
work makes it curiously tiring and unsatis(ying to perform
for any length of time. And the accuracy, compared with
that of laboratory work in general, is deplorably low.

Thercfore persistent attempis have been made to
cstablish precise measurcment technique in this most
important part of vadio work. There arc standard
microphones, amplifiers, and so on.  Sufficient to say that
the whole business is appallingly complicated and difficult,
largely because the sound from a loud speaker cannot be
considered apart from the acoustic surroundings. So at
present most of the measurements on receivers and other
sound-reproducing apparatus go only so far as the electrical
output ; but obviously this is not a perfect guide to the
ultimate result in the shape of sound.

The Bell Telephone Laboratories, which have probably
done more than any other organisation to study sound
teproduction, having realised the unreliability’ of in-
dividual judgment and the difficulties of applying instru-
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ments, have developed a technique based on the fact that
random errors fend to cancel out when the average is
taken of a large number. To preserve
the desirable subjective basis of the
experiment, personal judgmentis used,
but the independent impressions of a
large number of people are systematically taken and
combined. In addition to giving an average result which
is more reliable than a single one, this process also indicates
how far the individual results spread around it. The
persons are carefully sclected, 1o be representative of the
public generally, or to be all untrained or all trained in
observation, or on some other basis as the experiment may
requirc. The whole thing is in thc highest degree
systematic, and far from beiug a mere collection of
opinions.

The important thing in this and every other method is
10 ensure that the quantily actually observed or measured

or the fact established is the one that
25. Disentangling is rcally wanted. Make sure of one
the Conclusions thing al a time. The hooks say that

if you interpose a condenser of, say,
300 ppF in series with a lage aerial you improve the
selectivity, at the cost of reduced signal strength. You
wy it, and the signal stiength goes up. 'I'his does not
prove that, in a gencral statement, all the books are wrong.
Tt just shows that in this particular receiver the large
acrial was too tightly coupled, and overdaraped and
probably mistuned the circuit ; or clse that the recciver
tends to be unstable due 1o stray reaction, which was kept
in check by the large aerial and released by interposing
the condenser.  Or pethaps a bit of both. In either case,
the eflect guite correctly predicted by the books is concealed
by a larger effect duc to the peculiarities of this reeciver,
and unless the experiment werc rearranged it might be
impossible to disentangle the required result.

[t would be no good contribuling a paper to a scieatific
sacicty, claiming to have proved by means of experimental
evidence that the accepted theory with regard to aerial
series condensers is wrong. The experiments were not
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conducted with sufficient attention to the possibilitics of
irrclevant influences acting at the same time. Sometimes
it is very difficult indeed to exclude disturbing influences,
It may be possible, however, to arrange the tests so that
in the result they cancel out.

A particular and important sort of irrclevant influence
is the testing apparatus itself.  You may wish to know the

negative bias vollage on the grid of a
26. Disturbing  valve under working conditions.
Effects due to iz, 12 (a) shows the ciceuit, with
Instruments the working conditions analysed. The

simplest way, one might think, is to
connect an accurate and reliahle voltmeter to the grid
and cathode, between which points the voltage is desired
to be known. Certainly the voltmeter may give a reading.
But it is a [allacy to assume that that reading is what is
wanted.  You want to know the voltage under working
conditiens.  What you actually read is the voltage with
a voltmeter—a conducting path—bctween the points.
And the two things may be vastly different. as may be
seen by comparing & with a. A belter approximation
can he obtained by measuring the voltage across thc
comparatively low resistance bias resistor {¢) ; but this
does not make guite sure that the voltage measured is
actually getting to the grid. There may be a hidden
break in the grid leak., A still better method is to note
the voltage lrom some independent supply that can be
connected from grid to cathode without allering the
anode curient.

Or consider measuring the gain of an amplifier. A
switch is used 1o connect a meter to measure in turn the
input and output voltages. Such a method has already
been discountcnanced on two grounds : it is particularly
undesirable to take readings which (as probably in this
case) are widely different ; and there is the effect of the
meter on the input and output circuits.  But, in addition,
the switching syslcm may introduce enough lecd-| l)'nck o
affect the ce of the amplilier very
Take great care to reproduce true working conditions, dnd
to exclude disturbing cffects due to the measuring
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apparatus.  The approved method of measuring amplifi-
cation is to conncct in series with the amplifier an attenuator
which can be adjusted to counterbalance the gain, so that
the levels at the input and output of the whole are the
same. The attenuation is then a4 measure of the gain, and
1o signal level measurements are necessary.

Fig. 12: How the messuring inscru-

g

results, n which the quanilty o be
measured 15 reduced to one-
hondredeh of its proper amounc.
Measurement of the volcage across

the biasing resistor ¢ results
small error

o

]

o

(b)

These examples are given so that when individual
methods are discussed later it may be quite clear without
lengthy explanation why certain methods are recommended
rather than others,
The advice to reproduce, as far as possible, natual
working conditions in an experinient, and again to study
3
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one fact at a time, may tend to
27. Reproducing conflict. The natural working con-
Working itions of a broadcast rcceiver are
Con ns that it is installed at a certain place,

connecled to a certain aerial and
¢arth, turned on, and tuned to certain stations. During
that process many influences are at work—power, locality,
carricr frequency, modulation percentage and frequency
of transmitter ; distance and nature of ground betwecen it
and the recciver; time of day and year; naturc of
receiving acrial and situation ; acoustics of listening room
—to name a few. To draw reliable conclusions about the
results it is necessary to simplify the problem. For
instance, the transmitter may he replaced by a standard
signal generator, with everything under contral and
measurable. The outside acrial may be replaced by
dummy aerial smaller than a matchbox. The loud
speaker may be replaced by an artificial load and output
meter. ‘Lhen some definite figures of receiver performance
can be obtained.  But they should not blind one to the
ciality ol the test, and lcad tounwart antableconclusions.

This applies with extra force to ultra-short wave tests.

Enough has been said in this chapter to emphasise the
importance of care in planning tests.  This applies also to
setting up of the apparatus.

Many times, however, one comes across things that go
wrong ; for example, a result obtained on onc occasion
fails (o repeat itself on another occasion when the conditions
are apparently similar. It may happen in the course of
a single experiment, especially with complicated apparatus.
It ollen happens when a system has been worked out
experimentally, and is then put into proper shape for
permancnt use, 1'lis sort of difficulty is much more easily
clearcd up if the original apparatus has been left intacl,
although even (hen it may be very puzzling.  Without it,
the secret may be lost for ever. It is necessary gradually
to eliminate the diflerences between the two, until the one
responsible [or the unexpected divergence in results is
revealed. Often, as in detective fiction, the affender turns
out to be the least suspicious character.

n

CHAPTER 4
INSTRUMENTS
A —Sources of Power and Signals

N the earliest systemns of electrical communication the
messages were conveyed by means of make and break
of current according to a prearranged code, or, in one

word, signals. As apparatus became more complex and

required to be supplicd with currents
other than those actually conveying
the message, il was necessary ta
distinguish the latter from the former by calling them
\ignal currents  The name still persists, although the
original meaning of the word signal has had to be strained
severely to make it cover such things as Droadcast
programmes.  But it is cssential to have some such concise
term to distinguish the communication currents (or
voltages) from those wsed lor feeding the valves, etc. As
2 permanent unvarying current alone cannot be made Lo
convey “intelligence > (to use another word whose
original sense must not he taken too literally), signal
currents are never strictly Z.I'. (or “ D.C.”), and the term
* 1D.C. amplifier ” is understood to mean an amplifier
that magnifies the diffetences between levels of current or
voltage, however slowly such differences occur. Signals
are therefore usually classified according to frequency,
and the broadest distinction is between audio and radio
frequency. For cxperimental woik, controllable sources
of audio and radio fiequency signals arc among the most
<lesirable items of equipment.

28. ‘‘Signals”

Power Sources
Sources of power for feeding valve apparatus and for
incidental purposes are mainly D.C., although the raw
33
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The General Radio Co.'s
comblnes the elose voliaze
conerol of a sllding potentlal divider
with the efficiency of a transformer

A.C. from the mains is used wherever
practicable.  Elsewhere, rectifiers and
filter circuits are needed to convert to
D.C.  Generally it is most convenient
to build a power unit into cach individual picce of apparatus
that requires it, rather than to try to run it from some
central power unit.  ‘T'he requirements are so variedthat it
is impossible to design a power unit to anticipate them all.
Ifitis larger than is nceded not only is there waste but also
in order to reduce the voltage without bad regulation (i.c.,
constancy of voltage for varying currents drawn) expensive
stabilising devices may be necessary. And if common
power supplics are used for a number of instruments,
there is a probability of short-circuits and undecsirable
coupling. 'Lhere are other obvious advantages in pro-
viding tailor-made power units. Nevertheless it is very
convenient to have in addition one or two reach-me-downs
for general purposcs ; onc giving up to 120 mA at 350 volis
and several amps. at 4 volts is very useful. Details of
design need not be given here because they follow ordinary
receiver practice, and can be varied to suit individual
needs. Several transformers supplying A.C. at 4 volis are
useful for heating valves connected in experimental
circuits, and sometimes come in handy as a source of
50 cjs signal vollage. A larger transformer giving several
hundred watts at any voltage up to 250 or 300 is a usecful
possession 5 if varied by a tapping switch (with inter-
mediate dead studs to prevent short circuits) it may be
neeessary sonietimes (0 use a heavy-current sliding potential
4

29. “ Mains”
Power
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divider actoss it for fine control, but the © Variac ™ sold
by Claude Lyons Ltd. combincs both functions with
greater efficicncy, and gives a practically continuous
variation of voltage (Fig. 13). A swilchboard for grouping
such controls may be uscful, but perhaps wnnecessary it
there is an abundance of mains supply points around the
laboratory, as advocated in Chapter 2.

Althougl it simplifies matters to 1un as much as possible

off the mains, it is hardly practicable to do without batteries

aliogether. For L.T., especially it
30. Batteries and experiments demand  fairly heavy
Switchboards current with the minimum of voltage

drop, large accumulators are at least
theoretically desirable ; but there are many purposes for
which the small portable type is the only practicable one.
The fact that they can be brought right up to the terminals
of their foad s likely to result in less voltage drop than by
using a large stationary batlery that requires long leads to
connect it to the work. Tt is surprising how difficult it s
to maintain a [ull 2 volts at the end of several yards ol
wire even when it is multi-strand cable and the current is
no more than an amp. Unflortunatcly the type of cell
that gives the least variation of voltage with current drawn
is not the type that stands up best to lab. conditions—-i.e.,
long idle periods and irregular charging. This must be
cousidered when selecting batterics ; the makers should
be consulted.

A H.T. accumulator is perhaps a rather expensive
luxury, bearing in mind that the very small sizes are not
to be recommended for laboratory service. A useful
voltage is 250 ; more, if one can afford it. The battery
should be permanently installed in some place where it
will not be in the way, but on the other hand not so much
out of the way that it is too much bother to inspect it
fairly frequently for acid level, creepage, or corroded
terminals. It should be thoroughly insulated as a whole,
and connected by well-protected cables to a distribution
switchboard. Fig. 14 is a slightly modified connection
diagram of a board that the author has found useful for
many years, Valve or metal rectifier chargers can
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generally be rigged up from spare components so are not
specified in detail. Note that two H.T. tappings are
available ; one giving a choice of two voltages (6o and 100)
and the other variable up to maximum by a multi-point
switch ; ouly alternate studs bcing conmected, to avoid
shorting sections of the battery when moving from one tap
to another. The same applies to the voltmeter switch.
A uscful selection of voltages can be obtained by opcration
of the two switches :—

Connection to H.T. Terminals

Connection disgram of usefol battery
conerol and charzing swicchboards, for two 2-vole

cells and one 250-volt barcery

(1) & (2} ) & (3) @80
0 & (2 D&
. HT.a=60 | HT.a=100
B volts valts
= . # 60 volts o volts | — fo volts ‘ — 100 volts
19 5E 9 1§ EE G o 0 ° "
- 100, 40 e
120 o 6o 2
T=1 § e o, 70 .
N | zoe YO o 0o o
EN 5 220 ,, 160, | 120,
§; —H—J h 250 190, 130,
Lol)—ge i
g

One can always shift a battety tap lcmporanly for getling
a voltage not in this hs(.

The switch marked * Charge H.l.1/Charge H.T.2 ” is
included because by charging the battery in two sections
a saving can be eficcted in the charger, especially if it is
of the metal rectifier type ; it is possible to charge any
section of the battery according to the discharge taken
[rom it ; and such scctions can be charged more economi-
| cally from a 170-volt charger than fiom the 340 volts that
| would be necessary tor the whole battery at once,

1 Fuses arc either cheap flash-lamp bulbs or the tubular
) sort made by Belling-Lec, who have recently devised a

S

L] Pee

maguesium-fired type that avoids the usual heavy mortality
of fuses due to momentary surges when first swltchmg on
any apparatus containing a large reservoir condenser or
L, a transtormer,
For the L.T. ordinary fuse wire will do, of a rating
37
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according to requitements ; but the fusing current should
not he too close to the maximum working current not
should the wire he needlessly long, or the volt drop will be
excessive.  For the same teason only one pole of each cell
is shown fused. The cells are not interconnecicd on the
discharge side, so can be used at different potentials in the
same circuit or connected in series to provide a g-volt
supply ; they can also be charged scparately, or in parallel,

A cheap bul reliable moving coil voltmeter was fitted
with suitable serics resistors for testing both L.T. and IL.T.
batteries. An inaccurate voltmetcr is useless for battery
testing. And as a large HL.T. accumulator battery is quite
an expensive item it pays to give more than perfunctory
attention (o the maker’s instructions.

‘Where the cost of such a battery is not practicable or
justifiable, and perbaps even where it is, a few dty batteries
are gencrally in demand. A particularly useful type is the
Pertrix No. 711 {153 volts), which has tappings all over
it, including one at every cell towards the negative end.

Audio Sources
Tor the amateur who cannot afford specialised and
expensive instruments, the most practical audio source is
o gramophone. In the first place, a
31. The Gramo- gramophonc turatable and pick-up
phone Source has its uses quile apart from experi-
mental work, so it may mot be
necessary to charge all of its cost to techmical account !
At the most, it costs less than any purely electrical oscillator
with comparable accuracy of frequency and waveform.
And in addition 1o pure toncs of fixed frequency (derived
from standard frequency records) one can get fancy test
signals —warble tone, gliding tone, cte.—and of course any
sort of “programme” as well. A particularly useful
record for general test purposes is H.M.V. Clagg2 (% Guess-
ing the Tunes ™) becausc it consists of various sorts of
music interspersed with speech. An incxpensive technical
record is the Decca EXP.55, which provides two sets of
14 standard frequencies from 50 to G000 cfs. For
convenient reference here is a list of such records :—
8

Nlaker

Daca .

Pariophone

SOURCES

Sade
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EXP.ss | 1

Pag7os |1
I 2

Popg |
o 1
Poys | 1
2
Poyer | 1
z
Pores 1

Constant_pure_tones G300 |

50 cs.
stant 6000 10 250 tjs , 14 db.
down at 50 ¢fs Strahoscope

abel.
Duplicate of Side 1.

Glhding “Uone : 6000 t0 100 c's.
Level constant.
Glding Warble 'Tone as aboye,
but frequenty vared 1o tancs
cond by 50 cfs.
Constant Warble Tones'. xso L | 15

30 633 300159 ¢ 3

Ce nstant Warble "l ones : 6oo L

Constane Warble Ton's . 4860 + | 15
0 ¢/5, 2400 3008

et Warbie Toncs

930 £

T 1600 ¢
Constant "Pure Tones & 256, 15

4 32 €5
Constant Pure’ Tanes 096

2

Constant_Pure 'Toncs © 6400,
3200, 1600, 800 cfs.

Constant Purd "Tones - 400, 200,
100, 3

RS

DR.o3y ¢ & 2
DBy 1

DR 035

RPN

Digea;

2

Speexdd Sound Demonstrauons.
ConstantPareTones -} £500,
550, 7900, 6500, 6020,

onus : 4000.

“Lones : 2000,

1800, 1600, 7400, 1200, Tr00.
1000, 400 c/s.

Constans Pure T ones - ¥5, $00,
750, 700, 630, 6oo, 550

E
)
H

o )5
Constant Pure Toncs © 450, 425
400, 375, 350, 325, 300,
275 ¢,
Canstant Pure ‘Fones . 250, 225
200, 80, 360, 140, 120,
Constant Pure Tones : go, fo
0, 60, 50 40, 30, 25 I3
500 o 500
cis. 145 db down at 25 ¢~

* Levels irregular ; specified by makers.

1 Levels specified by makers : practielyy constant 8500-250 ofs,
¢ 25 cs
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Level refers to R.M.S. velocity of needle point, to which
the electrical output 3f a perfect pick-up is proportional.

Obviously the correctness of the frequency given by a
standard frequeney record depends on the motor speed.
Assuming that the mains are frequency-controlled A.C.,
the speed can be accuratcly adjusted by means of a
stroboscope card—or the requisite number of black and
white stripes painted on the edge of the turntable—
illuminated by a lamp ; a neon lamp is preferable as it is
extinguished completely twice cach cycle of supply voltage,
whereas the flicker of a metal filament lamp is very slight.
Constancy of motor speed is naturaily very desirable ; the
synchronous induction type has special claims as its speed
is definitely synchronised with the mains unless pulled out
by an unreasonable load ; and the induction characteristic
makes it sclf-starting.

As for the pick-up, the requirements are identical with
those for first-class gramophone reproduction—level res-

onsc over us wide a frequency band as posible, and a
reasonably large output. The needle armatwe type
covers a wider frequency band than most but docs not
give a very large output.  ‘The piezo-clectric crystal type
is hetter in this respect, hut its high and capacitive im-
pedance demands special care in circuil arrangement.
While it is easy to rctain the accuracy of the record’s
frequency calibration, the amplitudc calibration is aflected
by the characteristic of the pick-up and of any amplifier
that may be necessary for increasing the output. ~ Although
the accuracy of measurements that are made with it is not
thereby upsct if’ properly carried out (see Scc. 221) a lot
of time taken over adjustments can be saved if the output
is substantially uniferm over the whole band of frequencics.
Incidentally, it is not always realised how the amplitude
al different frequencics is aflected by the type of needle
used. Even dillerent samples of the same type may vary
in this respect. Whatever sort is selected, the necdle
should be used for as short a time as possible ; on the
higher frequency grooves at any rate. The top frequency
calls for a brand new needle, so it is customary to begin
tests at that end.
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The gramophone has its limitations, of course: the
records wear out or get broken ; it requires more manipu-
lation than an all-elcctric source ; it is unsuitable for long
runs ; the outpui is neither very large nor very uniform ;
and the range of frequencies is limited. Some of these
disadvantages are absent in the “Elcctrone™; the
synthetic tone generator due to L. E. A. Bourn of the
John Compton Organ Co. The desired waveforms are
engraved along annular tracks on the surface of a revolving
disc in such a manner as to separate the conducting
surfaces each side of the groove. A large difference of
potential is maintained across the groove by a polarising
source, and the tones are picked up by stationary electrodes,
which do not actually touch the disc. The output is
therefore constant, continuous, and of definite amplitude.
Although this system has hitherto been confined to
entertainment purposes, it is possible that it may be applied
as a laboratory source. The disadvantages are the
extremely small output and the necessity for a suitable
driving motor.

All-electric signal sources consist of valve oscillators in
more or less elaborated forms, and before describing some

of these it will be helpful to consider

32. Valve the requirements of the basic valve
Oscillators — oscillator as applied in the lahoratory.
General One can hardly have too many
Requirements oscillators, of either low or high

frequency ; and while any valve
oscillator has its uses it is necessary or desirable for many
purposes that it should conform to satisfactory standards of
wavelorm purity, [requency stability, and uniformity of
output. An ordinary oscillator circuit such as can be
hooked up in a few minutes from common componcnts is
likely to Tic more or less defeetive in all of these respects.
By careful design it is possible to reach almost any required
standard.

Firstly waveform. 1t is generally at audio frequencies
(hat it {s a problem, because radio-frequency circuits are
otdinarily more sharply tuned and miagnify the funda-
mental relative to the harmonics ; such harmonics as are
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present may fairly easily be filtered out, but their presence
is often no disadvantage and may even be very useful.
The reason for harmonic distortion is that when a valve
generator once starts oscillations they grow in amplitnde
until something stops them. Generally that something is
gtid current, or a bend in the valve characteristic ; in
other words a rvectifier, which is essentially a distorter.
The osciflation grows until the initial negative resistance
due to the valve back-coupling is neutralised by tuned
circuit resistance, and by resistance duc to grid current or
hy reduced average valve conductance. These quantities
depend on a variety of conditions that may not be very
constant, especially when the frequency of the tuned
circnit is adjusted or power is drawn from it ; and seo the
amplitude of oscillation is indefini ‘I'he same infl
that result in harmonics and in variations ol amplitude are
also among these that cause the frequency of oscillation to
depart [rom calibration.
If the oscillator is provided with a reaction control it
is possible to prevent gross over-oscillation ; but adjustment
is critical and has to be done cvery
33. Resistance  time the frequency is changed, it is
Stabilisation practically essential to use a valve-
voltmeter or other indicator to show
when the normal amplitude is rcached, and when taking
many readings these adjustments waste a lot of time.  The
best o this type, and a great improvement on ordinary
variable reaction pli is the it ilisati
circuit shown in Fig. 15.% It will be scen to be a perfectly

Fig. 15 . Resistance-
seabilised  oscillator
arcuc suable  for
AF.and low R.F.

in Radio Engineering,” 'I'hevubject
of valve oscillaors generally gs
capably presented 1n H. A. Thomas':
“Theory and Lusign of Valve
Oserllatars.”
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ordinary Hartley circuit, with the addition of a variable
resistance R which is used to control the feed-back. The
coupling between the anode and grid portions of the tuning
coil is as close as possible, and the ** Q" (otherwise known
as magnification factor, or ratio of reactance to resistance)
as large as possible. In these circumstances, if the whole
output from the anode were connected direct through the
high i blocking cond Cy oscillation would
be far too ficree and would ceasc growing only when held
by an enormous grid current. By interposing the variable
resistance R, which may have a maximum of 50,000 or
100,000 ohms or more, and adjusting it until oscillation
only just starts, a mere trace of grid current is enough io
bring it to equilibiium, and distortion is correspondingly
small. The peak amplitude across the grid portion of the
coil is approximately equal to the grid bias voltage plus
perhaps one volt or less if carefully adjusted.  Incidentally,
it is essential to use grid bias ; the grid-leak-and-condenser
method is inapplicable.

The object of using resistance instcad of capacitance to
contral the fecd-back is to avoid phase shifts, which tend
to make the frequency less stable. Another precaution is

40 make the @ ratio not too Jarge. This circuit provides

the reader with a simple cxercise in design : given p and
7, of the valve at the grid bias selected ; and L, G, R.I.
resistance, and turns ratio of the tuned circuit, it is easy
to caleulate the required R. .

This circuit works according to plan only when the
stray capacitance across R is inappreciable, and as R s
fairly large this limits its use to andio and low radio
frequencics—a few hundred ke/s at most.

Chuiding principles in designing reaction-type oscillators
for all frequencies arc to avoid grid current as far as
possible, to employ valves of high resistance and high
mutual conductance, and to use oscillatory circuits of high
Q) and high ratio of i with grid and anode windings
as closely coupled as possible and with a high ratio of
anode to grid inductance.




RADIO LABORATORY HANDBOOK

To avoid the possibility of over-oscillation and the
trouble ol having to keep reaction always adjusted, there
is automatic oscillation control,*
which is practically the old friend
AV.C can be reduced to a
value that ensures oscillation at every
frequency to which L and C are
adjusted, or altcrnatively it can be omitted altogether and
the tapping point on L suitably chosen, and the whole or
part of the grid bias is derived from separate rectification
of the oscillations.  Fig. 16, although not a uselul practical
circuit, illustrates the principle.  V, is a diode ; the grid
and cathode of a disused triode or other valve will do, 1t
in possible o combine V, and V,, by using a diode-triode ;
but as will he shown later this limits the possibilities of the
circuit.  The condenser C; may be of any value having
not more than a few thousand ohms reactance at the
lawest working frequency. R, may be of the order of
a5 M. R, and C, form a simple flter to remove the
oscillation component in the rectified output, and usually
presents the chief difliculty because il its time constant}
(R,C,) is made too large it causes motor-boating, and if it
is too small the control fails.  For this reason it is diflicult

34, Automatic
Oscillation
Control

Ry Cy

2C. R,

—x

Hodulatron <an be mtrduced at
Kory
* Fust descnibed by L, B Arguimbau, Proc T R.E, Jan., 1933,
T See Sec. jor
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10 make the same values serve over a very wide range of
frequencies.  The best values mmst be found by experiment.
As exemplified in Fig. 16, the system presents no noticcable
advantages over the simple leak-and-condenser-grid return
for the oscillator. With either, suppose the oscillation
fiequency is altered by increasing L, or a more eflicient
valve is plugged in, or the anode supply voltage rises 3 any
of these would cause the amplitude of oscillation Lo increase,
the harmonics to increase very greatly, and the frequency
to be different from that delivered under less fiercely
oscillating conditons. But the circuit of Fig. I'ﬁ can be
elaborated so that a very small increase in oscillation biascs
back the. valve cniough to restore cquilibrium.  Amplitude
is thus kept nearly constant'without manual adjustment.
If the coil tap is near the grid end a closer control is
obtained if C, is connected to the anode end of L, or
alternatively a separate closely-coupled coil can he used
{Fig. 17). For still closer control and for avoiding the
residual distortion due to direct connection of the rectifier
1o the oscillator eircuit the methods of amplified A.V.C.
are available, but increase the tendency to motor-boating.
This sviem can be worked so that the oscillation is
vestvicted to a small portion of the best part of a valve's
45
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characteristic curves, well away from both grid current and
hottom bend, with the result that it far exceeds any other
in purity of waveform ; practically the only distortion is
due to the rectifier circuit, and is minimised by adepling
the same design principles as apply to A.V.C. ciréuits, [t
might be supposed that the separate rectifier introduces as
much distortion as a grid condenser und leak, and il badly
designed this might be so ; bul with care it is appreciably
less, and can be removed altogether by using an amplifying
or buffer valve ; in addition it lends itself to precise control,
and causes less frequency uncertainty.
If the amplitude of oscillation restricted in this way is
too small, it can be increased by iniroducing a delay
voltage at the point X in Figs. 16 and
35. Advantage of 17, making the cathode of the rectifier
A.O.C. Circuit  positive by the amount by which the
for Modulation  oscillation peak amplitude at the
rectifier is to be increased. It is
obvious that by varying this voltage at some frequency low
cnough to pass the filter R,C, a very perfect method ol
modulation is obtained. Suppose one wants a peak
oscillation of ro velts with variable modulation up to
100 per cent., a negative bias to the oscillator valve sufficient
almost ta stop oscillation is applied at Y. A steady delay
voltage of 10 is applied at X. Until oscillation reaches
10 volts it grows without check, but beyond that limit the
delay voltage is cxceeded and as it has been critically
adjusted the amount of extra bias demanded of the rectifier
is relatively small. Now a modulating voltage variable
up to 10 volts peak is applied in scrics with the delay
voltage. If both delay and modulating voltages are fed
into the cathode line through a common potentiometer, it
is possible to control the amplitude of oscillation leaving
the percentage modulation constant and adjustable by a
scparate control.
1t is very casy to apply volimeters to indicate not only
the oscillation voliage but also the pereentage modulation.
The only drawback is the manual adjustment of oscillator
bias which is necessary if these quantities are to be given
correctly by such readings. According to the original
46
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method described by Arguimbau the modulation vol':age
is applied aL Y ; the tuned circuit is loaded by the rectifier
throughout the positive half-cycle, the amplitude varics
\ith circuit conditions and it is necessary to have an A.C.
volumeter in order to read percentage modulation ; but the
manual adjustmient is dispensed with. In all cases it is
necessary 1o make sure that the oscillator valve is not
ovetloaded at maximum modulation.
"T'he modulation voltage may of course also be generated
Iy an automatically controlled oscillator. A circuit for a
modulated osciltator is given in Fig.
36. A Complete 18, in which the slider S, adjusts
A.O.C. Modulated A.F. and amplitudes  simul-
Source tancously by biasing the cathodes of
both control rectifiers {the voltmeter
V may be calibrated diectly in amplitude), and the
percentage modulation is adjusted by S, which may alo
be dircct-reading. ‘The component value markings arc
(o give some idea of suitable magnitudes. It will be
noticed that R, is replaced by a choke, to pass AL but
stop R.F. 1t will also be noticed that
37. The Dynatron the triode oscillators are replaced by
Oscillator dynatrons, which are superior in
many ways. Almost any screen-grid
tetrode with the anode fed at a substanlially lower voltage
than the screen will work as a dynatron, but the Marda
AC/Sz2 excels. For detailed information there is a lengthy
article on it (“Applications of the Dynatron ™, Wireless
Engineer, Oct., 1933, pp. 527-540), together with 35
references to other literature on the subject.  The dynatron
is worth stullying, hecause once the mode of operation has
Deen grasped it is one of. the most useful wols for experi-
mental work, No feed-back is necessaty for oscillation ;
the typical curves of Fig. 19 show that when Lhe anode
voltage Va is between the limits of about 10 to go per cent.
of the sereen voltage Vs the anode current (Ta) curve
Slapes the oppositc way from the usual, which means that
the anode A.C. resistance is negative and that any
oscillatory eireuit connected in scries will oscillate s
dynamic resistance is numerically greater.  As the curves
47
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ode cerrenchanode

Fig 19 : Typical an- INCREASING Vs INOREASING Vg,
Voltage  curves of {

grid valtage (b). The ¥ 1ay
Eereen volate, Vs 1%
marked alon; he |
anode voltage scale |
Va Va
@ ®

show, the negative resistance can be varied cither by Vs or
by grid voltage Va. Generally it is convenient to fix
Vs at the lowest that will give the required necgative
resistance and sufficient amplitude of oscillation, and to use
Vg for increasing the resistance until oscillation is only just
inaintained.  Under these conditions it sweeps over the
practically straight downward slope and the purity of
wavcform is exceedingly good. Convenient voltages are
Vs 100, Va about 20 for small amplitudes and 50 for
maximum amplitude, and Vg variable (o about —8. = With
7610 bias the anode resistance of the AC/S2 goes down to
about —600o ohms, which is capable of sctting even heavily
damped circuits into oscillation ; but when run Tke this
there is a risk of the dypatron propertics deteriorating
fairly quickly. The dynatron is therefore not advised for
ultra-high frequency work, in which the impedance of the
oscillalory circuit is inevitably low.

An important practical point s to make any potential
divider used to tap off the anode voltage considerably
fower in tesistance than the negalive resistance of the
dynatron. ’

The advantages of the dynatron are its ability to set up
wscillation in a simple two-terminal cireuit, which may even
jxe screened and inaccessible ; the easc and precision off
control ; the straightness of its working characteristic ; and
ihie frequoncy-stability of its oseillations provided that they
o nol sweeep beyond thas warking slope. It lends itself par-
licularly to automatic amplitude control, because  the
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control element (the grid) forms no part of the oscillating
cireuit, and a very large control is exercised by a small grid
voltage ; so much so that auxiliary manual controls are
omitted in Tig. 18.

Referring once more to that diagram, the output is
shown taken directly from a coil coupled to the oicillatory
circuit. Tn practice, unless the coupling is so loose as to
act by radiation rather than by induction, the output from
any oscillator should be drawn from an amplifying valve
s as to prevent the load from influcncing the oscillator.
The subject of dynatrons is continued in Chapter 7 (Sec.
148).  An alternative to the dynatron, using a pentode, is
a device sometimes called the transitron,  Particulars ate
given in, among other places, Proc. IR.E. Dec. 1937,
where Brunetti’s paper is worth stndying also for ils
explanation of ** average negative resistance 7.

Coming now to actual audio-frequency sources cm-
bodying these principles, constructional details of a mains-

driven  oscillator giving 15 fixed
38. “Straight” frequencies from 50 and 10,000 c/s
Audio Sources with automatic amplitude control

are given in Chapter 7 (Sec. 155).
The output voltage varies from one [requency 1o another to
the extent of about 1 db. owing to inequalities in the
dynamic resistances of the various tuning circuits ; but it is
vastly supetior (o the usual uncontrolled oscillator, in spite
of no manual adjustment being provided.  Also it cannot
be claimed that the lowest frequencices, for which iron-core
coils are used, are of surpasingly pure waveform. Again,
they are fur better in this respect than one gets from the
uncontrolled triode.

For bridge purposcs it may be more desirable to have
exceptionally pure waveform than a range of frequencies.
"The author uses a dynatron oscillator tuned to the single
5000
27
control gives a better waveform than no control at all,
critical hend adjustment is better still, so is used ; and the
signal is further purified by the use of negative feed-back
and by taking the output from across a rejector circuit

50

frequency of (nearly 8oo cfs). Although antomatic
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Lonsisting of a 0.08 H coil and a 0.5 xF condenser. Both
oscillator and filter tuning are adjustable by moving small
picces of mumetal in the fields of the coils. .

Prequencics of the order of 20-100 ¢fs always raisc
serious difficulties because if iron-core coils are nsed the
waveform tends to be bad and the frequency unstable,
air-core coils are of impracticable bulk, and the necessary
capacilance so large as to rule out continuous variability.
Ouly at the topmost end of the scale is it practicable to
cover any considerable band of [requency with one sweep
of a condenser ; the whole audible scale with one or even
half a dozen sweeps is out of the question.

But for many purposes continuous and rapid coverage of
the scale is a most desirable or even essential feature.  Like

recciving sets, audio sources may be
39. The Beat- divided into two classes—superhetero-
Frequency Source dyne and “straight . The former
is Dbetter known, however, as the

heat-ftequency oscillator. Tt was probably suggested by
the unlawful howl obtainable with an oscillating receiser
when it beats with a received oscillation. The whole
audible scale, and more, resulfs from a very shoit casy
meovement of the tuning can-
denser.  So in this, the B.F.
oscillator has a powerful at-
traction, so powerful that it
may sometimes obscure the
difficultics involved in culti-
vating the original howling
recciver into a laboratory
instrument of precisipn.

A treatise on the design of
the B.F. oscillator is outside

‘quency changer

5t
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the scope of this book, but it may be just as well to indicate
some of the essentials if only to deter thrifty readers from
too light-heartedly seiting out to make one.

The first thing one notices about its prototype—the
oscillating receiver—-is that the very low {requencies are

unobtainable because of the tendency
40. Avoiding of two oscillators to  pull-in > when
Pull-in they are very close in frequency. To

avoid this the oscillators must be very
completely screened from one another.  Yet their outputs
have to be combined. The same problem is familiar in
superhet. receivers, where the two frequencies arc separated
by at least 110,000 ¢fs ; but in a B.F. oscillator they must
approach 10 5 ¢/s, or preferably less, before pulling in.
"t'his does not necessarily mean that such a low frequency is
waunted for testing ; but il the two oscillators pull in at
5 ¢fs that fact implics poor waveform even at a con-
siderably higher frequency.

Among the methods ol solving this problem are the use
of (a) carefully balanced output circuits connected in
series’ with the detector ; (8) screencd buffer valves to
prevent coupling back to the oscillator circuits ; and (c)
frequency-changer valves, after the manner of ultra-high-
frequency superhets. An example of (c), designed by
C. I. Edwards, M.Sc., was described in The Wireless World
of Jan. 22nd, 1937, where constructional details were
given. Fig. 21 s a circuit diagram incorporating two recent
improvements on that originally published. Such an
oscillator is satisfactory for the more usual tests, and is
reasonably inexpensive and casy 1o make.

The matter of waveform is very important if the oscillator
is intended for investigating amplificrs for small pei-

centages of distortion, because it is

41, Designing obviously no good trying to do so il
for Absence the test source itsell is impure. Even
of Distortion for the important business of taking

frequency response curves a pure

source is necessary. If the falling off in response of some

apparatus at, say, 50 ¢/s is being measured, and the nominal

50-cycle cutput of the signal put into it includes strong
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lurmonies, to which the apparatus may be niuch more
responsive, the result does not indicatc the true 50-cycle
response at all. Apart [rom the distortion at low fre-
quencies duc to the tendency to pull in, there is distortion
due to the detector, and to the audio-frequency amplifier
that follows. Detector distortion is minimised by keeping
Ihe percentage modulation low, which in turn is accom-
plished by making the amplitude of one oscillation rela-
tively small ; say, a tenth of the other, which itsell is made
sulliciently large 1o sweep well beyond the curved foot of
the detector characterisiic. If the detector is lincar*
beyond this region, the amplitude of the beat oscillation is
determined by the smaller and not at all by the larger of the
component oscillations ; so ia order to maintain a uniform
output over the whole scale the smaller osciliation is made
the fixed frequency, and the Jarger the variable. [t is
allowable, however, to vary the weaker oscillation over a
narrow range of ficquency, because the change in ampli-
(ude over such a range is generally negligible. The
usefulness of doing so is that it permils a finc adjustment of
frequeney with a calibration that holds good at any setting
of the main frequency dial. The main tuning condenser is
generally shaped to give a logarithmic andio-frequency
scalc hetween 100 and 10,000%/s, and linear outside these
Timits.

If both oscillations include harmonics, audio-frequency
harmonics are produced by the detector ; so filters are
usually included to nake sure that at least onc (the fixed,
mote easily) is of very pure waveform. Another reason for
excluding harmonics in the component oscillations is that
they are }iable to cause spurious whistles at the top end ol
the frequency scale. Distortion in the amplifier is mini-
mised be careful desian generally, and by running the
valves welt below their maximum rated output.

Judicious usc of negative feed-back enables an
astonishingly close approach to perlect amplification o be
achieved. In a certain 3-stage amplifiert without feed-

* There is an alternative system that requircs a square-law detector and equal
oscillations.
t 4 Stabiliscd Feed-back Amplifiers ", M. S. Black, Bell System Techuical
Journal, Jan., 1934 See alsa Sec. 306.
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Dack, the harmonics were 85 db below the signal at.full
output, and the variation in gain due to a change in anade
volts from 240 o 260 was 0.7 db. By the use of negative
feed-back these figures were improved to 75 and 0.01
respectively.

The output circuit is rather awkward. Tor the best
results iron-core Lransformers should be avoided , yet il the
circuit to be supplied is of much lower impedance than that
for which the ouiput valve 1 intended, there is a risk of
distortion. With a plan resistance-coupled output, care
must be taken Lo see that the impedance of the load is kept
high, il necessary by resistance in series ; or that the output’
s very small.

All trace of the component oscillations must he absent
from the output, or very misleading results might occur.

A Tilter lollowing the deteclor is
42, Frequency necessary, and it must be well de-
Stability signed if it is not to start ** cutting ™

the highest audio frequencies. The
ditficulty is that if in order to simplify this problem the
component frequencies are made high, the pull-in and
frequency stability problems are increased.  Usually these

frequencics are about 50 to 100 kejs.  Assuming 100 kefs,

it is obvious that in order to maintain a ceriamn constancy
of the output frequency at, say, 100 cfs, the component
frequencies must be 1000 times as stable, unless of course,
they both shift equally in the same dircetion.

This problem is tackled by using very stable materials
tor the oscillator components ; designing coils and con-
densers 5o as to be unaflected by temperature , placing then
well away from the healing components sucli as valves, or
in heat-insulated compartments ; arranging them sym-
metrically, to ensure equal changes in both oscillators ;
using dynatron valves as oscillators 5 and in other ways.
1 really is very diffict to design and make a B.F. oscillator
which will give an oulput constant 1n frequency within,
say, 1 ¢/s from the time of switching on. The worst drift
can be avoided by allowing quarter of an hour or so for
warming up, but this is often inconvenient.

Another necessity, il the oscillator is mains-driven, is
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a very high standaid of supply-cutreat smoothing and
absence of stray pick-up from transformers, ctc.
Altogether then, a really good B.F. oscillator, such as
many lahoratory tests require, cannat be bought cheaply or
designed casily ; but a relaiively simple one, if well thought
out, is certainly much better than nothing. )

Most_radio instument manufacturers list both audic
and radio wrequency escillators of various types, but the

audio range is much the less well
43. Commercial dcveloped, particularly in the lower
Audio Sources  price classes, Although beyond the

means of most laboralories, the Sulli-
van-Ryall B.F. oscillator descrves mention because of the
amazing standard achieved—barmonic content 0.1 per
cent. aver the telephonic frequency range and less than
0.3 per cent. over the whole range at 0.5 watt ; maximum
autput 5 watls 5 outpnt voltage constant to 4-o-1 dhb;
frequency stability within 40+ ¢/s [rom switching on ; and
a scale accuracy within 02 per cent. L1 5. The price is
£250, rack-mounted and with power supply,

Very valuable articles by W. H. F, Griffiths on the design
of B.F. oscillaters, including a description of the Sullivan-
Ryall type, are in The Wireless Engineer for May, 1934, and
July, 1935. o
) /}t the other extreme, where an audio signal at only a
limited number of fixed frequencies is needed for work of no
great precision, it is not necessary to provide a special
Instrument at all, as a very cheap oscillator described in
Sec. 152 will serve the purpose although it is intended
primarily for radio frequencies. As already mentioned
Sec. 155 includes details of an amplitude-controlled audio-
frequency dynatron oscillator.

Radio Sources
A very large number of assorted 1adio-trequency
oscillators are available absolutely free (apart from the
. cost of a receiving licence), and use
44. Transmitting of them for testing purposes tulfils one
Stations of the principles laid down in Chapter
3—the desirability of carrying out
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tests as nearly as possible under actual working conditions.
But although transmitting stations are very useful test
ascillators, they have the disadvantage of not being under
the contral of any hut exceptionally privileged workers.
For most quantitative tests a signal modulated by a con-
stantly flucinating broadcast programme is unsuitable, and
the periods of tuning note transmissions atc too brief to be
very helpful. The signal strength fiom the more distant
stafions cannot be counted upon to remain absolutely
constant ; and in wartinie it Is not possible to rely on
constancy of either power or frequency, or even the
existence of the station itse)f Under more normal
conditions, howcver, a local transmitter’s carrier wave
may be more reliably constant than an oscillator in the
laharatory, and is cortainly less likely to be influenced by
stray coupling from other apparatus | But cven in simple
tests on receivers one very soon experiences a need for a
test oscillator under one’s own control.

Much of the subject of valve oscillators has already
Jreen covered in considering audio sources. From oscillators
that can bc assembled in a few
minutes ftom spare parts, to standard
signal generators costing hundreds of
pounds, there is a continuous range
of available equipment. A rough division into three
classes may usefully be made, however :—

(2) *Open " oscillators, of the wavemeter class, which
may be calibrated in [requency, but in which no special
provision is made for controlling the signal strength ta
repeatable levels.

{5) Oscillators, generally described as for servicemen’s
use, which arc entirely scrcened except for a definite
outlet 1o which the signal strength may be adjusted lor
comparative purposes.

(c) Standard signal generators in which the signal
control is calibrated in microvolts and in which other
refinements, such as variable modulation depth, may be
inciuded.

A wavemeter used at one time to be the first—and
sometimes almost the only—insirument in a radio labora-
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tory, but now that every ordinary
46. Wavemeters broadcast recciver is, according (o

1920 standards, an accurate wave-
meter, the original wavemeter function is expected to be
included incidentally in the service oscillator or signal
generator.  Wavemeters as such arc dealt with in Secs.
1278, An oscillator of (he a class, not primarily iu-
tended as a signal source, is, as already mentioned, des-
cribed in Sec. 152, Bul where a signal source is needed,

the advaniage of having it under control instcad of

radiating indiscriminately is so great that class @ is no
fonger {avoured.
The status of the instrument that almost constitutes a
laboratory in itself has been taken over by the standard
signal generator. For receiver design
47. Standard and some other important purposes
Signal Generators it is practically indispensable. Un-
) fortunately, as’ with B.F. sources, a
good one is expensive. In principle it is exiremely
simple—a  valve oscillator variable over appropriate
frequency ranges, and thoroughly screened to prevent
uncontrolled radiation ; a variable attenuator for con-
trolling the signal output through the intended channel ;
and (practically always) provision for modulating at audio
frequency. The extent and refinement of control varies
greatly in different models, and so, of course, does the
price.  As details of this sort can be obtained in abundance
from makers’ catalogues, thc mosi profitable thing to
nsider here is what features are most useful in practice.
Having done that, onc is better able to select the most
suilable generator.
The range of output in a lahoratry generator is
desirably from 1 microvolt to 1 volt. 'L'he lower figure,
or even less, is necessaty for measuring
the more semsitive types of recciver ;
the higher is needed for discovering
spurious responses under extreme
local station conditions, or taking
AV.C. curves. An oscillator powerful enough to give
an output of 1 volt in a circuit which prevenis the external
58
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circuit reacting back to the oscillator must be very com-
pletely screened if the leakage field is to be imperceptible
when working at onc microvolt level. That is the first
problem, and it involves much more than simply cnclosing
the apparatus in a metal-lined box. A very small current
passing, say, between two  earthing ” connections on the
screen might be enough to sct up an appreciable external
field. When trying a signal generator it should be con-
nected 1o a sensitive receiver at the highest signal {requency
in the range, and the attenuator setting gradually reduced
Irom a few microvolts to zero. If the receiver js sensitive
enough to give an output which is substantial on onc
microvolt, but which sicadily decreases to nil at the zero
setting, then the generator screening may be considered
very satisfactory.

Next, there is the design of attenuator to deal with such a
large range of signal strength-—120 decibels—at high

requencies.  Difficult at medium
49. Accuracy of broadcast frequencies, it is much
Signal Strength  more so at the very high frequencies

coming into general use ; a generator
is mow expected to go ta 25 Mc/s at least. At television
carrier frequencies the problem is really acute, and cannot
vet be described as altogether solved, though there are
some specialised ultra-high frequency generators available.
But the signal voltage at the outlet of the instrument gives
very little information concerning what it may be at the
end of even the shortest connection that can be used to make
contact with the circuit under test. A properly designed
matched-impedance connecting cable gives at least an
approximation to the nominal signal.

The accuracy of the microvolt calibration, which may
he within 5 or 10 per cent. al medium frequencies, usually
deteriorates very considerably at the highest fiequencies.
Other sources of error in such work would make higher
accuracy of little significance even if it could be obtained.
When examining « generator, with a rcceiver and output
eter connected so as to indicate equality of signal, some
clue (o attenuator accuracy can be gathered by noting
whether the maximum signal at one setting of the multiplicr
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switch is the same at one-tenth on the next higher “ x10”
switch position. Another is to mcasure the maximum
oulput with a valve voltmeter. But most of the accuracy
must be left to the maker’s reputation,

To eliminate errors due (o changes in the output from
the oscillator {which is hound Lo vary to some extent as the
frequency is changed) the input Lo the attenuator is checked
by a valve voltmeter or a thermal milliammeter. 11 the
latter, special care must be taken as it has very litile
capacity to stand overload without hurning out.

The aerial-carth impedance of a recciver is not infinite,
and  the voltage established between those terminals
depends on the impedance in series
50. The with them externally. "T'o standardise
Dummy Aerial generator measurements a compact
dummy aetial is inscrted between the
gencrator and the receiver under test. [t consists of 200
el i series with 20 g, the coil having shimted actoss it
400 upF in series with gouQ resistance. This composite
impedance, whicl has & minimwm valuc of 2200 (at about
2 Mes) is intended (o include the tesistance (looked at
from outside) of the generator itscll. ‘The casiest way is to
ke the genetator resistance sinall cnough to be negleeted,
say not over 100 There is no great difficulty in making a
properly designed attenuator of this vesistance except at the
higher tanges of output.  1f the internal resistance on these
ranges is higher, as it is in most generalors, this must be
watched, because i a comparatively low impedance circuit
is connected to the outlet, the actual signal valtage supplicd
to the acrial may he wnich helow the attenuator reading.

Ideally, the attenuator setting and the nature of the

circuit connected to the outlet ought Lo have no effect

whatever on the frequency, but in

51, Frequency practice this is not always so, par-

Control Gicularly at the highest frequencies ;

and wnless the generator tuning is

checked altet alicring the attenuator setting, results may

mislead. It is quite casy 1o discover this defect by trial ; and
it is most serious when making selectivity measurements,
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The frequency range has already been referred to ; high
[requency ranges arc practically standard now, but their
inclusion increases not only the attenuator problem but
also the difficulty of coil switching. Plug-in coils are saf:e
but a nuisance ; swilching is splendid i the switch is
bevond reproach. .

The tuning condenser ought to allow close adjustment,
and a subsidiary control for varying the frequency slightly
above and below that of the main dial is a valuable feature
for selectivity tests. Dircct-reading (requency scales are
more pleasant, but with numerous ranges may be less
accurate than calibration curves. As the instrument is
cxpected to do duty as a wavemeter, the aceuracy and
stability of calibration is important.

The cheapest instruments are generally modulated to an
uncertain depth ; in the beiter sorts the modulation depth

is not only accurately known but is
52. Modulation variable at will. The depth usually

assumed for general usc is 30 per cent.,
but for some puipeses it is necessary to be able (o vary
it over as big a range as possible, preferably up (o or very
near 100 per cent. For the same purposes—tests of
~detector distortion, ete.-—the distortion due 1o the generator,
even at maximum depth, ought to be, but seldom is,
negligible. The same remark applies to frequency modula-
tion. These characteristics can only be thoroughly
checked by cathode-ray oscillograph. The standard
fixed modulation frequency is 400 ¢/s and for most pur-
poses the close accuraey of this is immaterial. Provision
s generally made lor external modulation for taking audio-
frequency characteristics ; it is rather an advantage if too
much power is not required, cspecially at the upper
audio-frequencics. Some gencrators can be modulated
straight from a gramophone pick-up, others require a large
fraction of a watt. .

A useful feature, particularly in the cheaper models, is a
switch for enabling the modulation frequeney signal to be
used externally. And a switch for giving an unmodulated
radio signal is definitely necessavy. . )

Lasly, the powet supply.  Muins drive is now becoming

5
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Fig. 22+ A good example of a laboracory standard

signal_generator —the Marconi.Ekeo type TFI44

The Genersl Radio type 603A Is shown in Fig 7

general, but for some purposcs—ficld tests for example—

the battery-driven type is preferable ; so sometimes pro-
visien is made for either, as required.

An instrument embodying in full measure all the

desirable featurcs described is probably unobtainable at

any price : certainly a laboratory

53, Commercial type ol standard signal generator

Signal Generators inust be regarded as inpracticable or

at least uneconomic for any exeept

specialist firms to produce, and the number of models 10

chioose Irom is not very large. But thete is now on the

Fig. 23 : The Lyons
Hickok type 180X

sgeal  generatar,
which includes 1
mbee seful

fecilves inclucing 3
builtin sutput megers
crysal - Contralind
$pot requandies, and
iTequendy modsia-

{Claude Lyons, Lxd.)

SOURCES OF POWER AND SIGNALS

imarket a very wide selection Talling in class (6) ; all very
nseful within limits, and some of them on the borderline
between mere  oscillators and laboratory generators.
Among the most interesting and versatile is the Lyons-
tickok type 180X, which, in addition to a radio-frequency
wgnal tumable ftom 100 ke 0 120 Mcjs and the 400 ¢/s
maodulating signal, also provides a variable audio-frequency
signal Iy means of a heterodyne valve. And the instru-
went includes an outpul meter, which usually has to be

H

Fig 242 Hunt z Signal Genecator, type 4002 although

obtained separately. ‘Lhe signal altenuator, although it
controls the output to repeatable settings, is ot delinitely
calibrated in microvolts.

The A. . BHunt goo2 All-wave Signal Generator,
although less versatile, does give microvolt readings, at
the fixed points 1, 10, 100, 1000, 10,000, and 100,000 ; and
is a_good example of a low-priced instrument that can be
used for serious work. The frequency scale is calibrated
Jrom 100 kefs 10 60 Me/s, with charts for greater accuracy
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when required ; and a dummy aerial is included. There
is also a continuously-variablc A.F. signal. The instrn-
ment is A.C. mains driven.

Oscillators in the * servicemen’s ** class are too numerous
to mention. Although they are not standard signal
generators, they are most uselul in the laboratory as
sourees, and can be emplayed for comparative tests. They
can be obtained so cheaply that it is hardly worth trying to
make one. Other things being cqual, an oscillator giving
a {undamental signal on all ranges is better than one
relying on harmonics. This is a point to cxamine when
making a choice.

Fig. 25: To minimise

screened cable
(Everete, Edgcumbe &
G, 1)

A good example is the ©* Radiolab ™ modulated oscillator
itlustrated here, cavering 100-30,000 kefs in five switch-
controlled ranges. Either internal 400 ¢fs or external
modulation is possible, and the internal signal is available
for A.F. tests. 'The attenuator in the separate small box
contrals the output between the limits of approximately
1 and 100,000 microvolts, Ihe price is £9 175, Gd. for
hattery drive and £10 175 6d. for A.Cl. mains.
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CHAPTER 5

INSTRUMENTS
B—Indicators

AVING applied some sort of signal to the apparatus
H under test, one requires an indicating instiument to

give a reading ol the results. The most iroportant
class ol indicators can be described as

Pointer Instruments

Voltmeters and other instruments in this category have
been in use ever since electrical engineering existed, but
the recent growth of the radio branch
has stimulated rapid development,
morc especially of multi-tange and
small portable meters. Detailed speci-
héations are out of place here, becanse up-to-daic
information can be ohtained from the excellent catalogues
issued by the leading instrument manufacturers ; so the
space under this heading will now he devoted to diseussing
the choice of meters,

It may be said al once that even when starting in quite
o small way it is wise to spend rather a large proportion
of the available fimds on this department of the equipment.
The reason is this : specialised radio engineering instru-
mnents, such as signal generators, distortion bridges, R.F.
tesistance apparatus, ctc., arc constantly changing in design.
But although it cannot be denied that great developments
have also taken place in volt and cwrrent meters during the
last five or ten years, good instruments even thirly years
old are still (assuming fair treatment) valuable possessions.
In any casc it is unlikely that the recent improvements in
lorm, adaptability, and cheapness will continue to be
introduced at the sane rate.
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- Radiglab

zmum ' Co.

Onc does sometimes plck up marvellous bargains,
perhaps by making a vulture-like atiendance at the
liguidation of a business, by studying advertisements in
technical papers, or by cxamining the stocks of certain
““ clearance > dealers. But in domg so one must never
forget the legal maxin, caveat empior— Let the buyer
beware ! Unless funds ate very short indeed it may be
better to try those firms dealing in secondhand instruments
that have been reconditioned and if necessary recalibrated :
and that arc fully guaranteed. But the important thing
is to get hold of at least one meter of really good quality,

Recent improvements do not concern accuracy—in any
given price class—so much as convenience. There is now

a very wide choice of multi-range
55, Multi-range meters, giving A.C. as well as D.C
Instruments readings, voltage and current, and
often some resistance, capacitance.

6
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etc., ranges too.  Some means of covering all these measure-
ments is almost indispensable to the experimenter or to
anybody who has occasion to test radio apparatus. Whether
it is the best policy to make such an instrument the primary
standard of a laboratory may well be questioned, however.
It is in constant demand and comes in for any rougl\
usage that is going. Morcover, extreme accuracy is not
usually neceded for this sort of work. If a high-class
instrument can be afforded at all, there is a lot to be said
for getting a comparatively inexpensive but serviceable
multi-range test sct such as the Avominor, and then
reserving for more refined work such an instrument as
a Cambridge Versatile Galvanometer. This consists of a
semsitive but (for its delicate workmanship) surprisingly
robust microainmeter with a good long scale that can be
read to a hait’s breadth. To it may he added an almost
unlimited variety of shunts, multiplicts, thermo-junctions,
etc., and for resistance measurement an accessory designed
by the author; covering altogether

Fig. 27 The " Avo !
minor 3 moderately an immense range of
Priced and exceptionaily
S el
o abte D&

nvera typen
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work. The Cambridge Instrument Co. keeps a record
of the details of all instruments sold, and is able at any
subscquent time to supply an accessory for extending its
usefulness, without having to get the instrument back for
adjusting resistances, etc.  An advantage is that while the
galvanometer is a direct-reading microammeter that is
very valuable by itself—notably as the indicating part of
2 semsitive valve voltmeter ~ils applications can be
gradually extended in those divections where the need is
greatest. This is motc cconomical than a completely
seli-contained do-everything meter of similar quality, in
which some part of the high cost wonld prabably represent
unnecessary luxury.
A single meter cannot be cverywhere at once, however
multi-range it may be, 50 (o supplement the meter depart-
ent it is extremely uscful to have a
56. Character- few miscellancous instruments. They
istics of Different need not be cxtremely accurate, and
Types of Meters ihcrefore one has a good chance of
picking them up on the sccondhand
or cven the junk markel, The most generally useful
Langes are 5, 25 and 100 milliamps and otie or two ranges
of volts. Rough checks of valve feed currents and supply
voltages save much confusion in cxperimental work. The
calibration can be checked and adjusted by the good
meter, and is not so very important; but it is moest im-
portant to see that the movement is perfectly free when
held in various positions, and does not stick or show
different readings according to whether the eurrent is
goiug up or down. This, or a pointer that swings like a
nervous golfer before showing a reading, is extremcly
cxasperating.  Another (hing that must be looked inro
is the power absorbed by the instrument—voltage dropped
by a milliammeter or current taken by a voltmeter.  Some
of (he * bargains ” may fail in this respect. Moving-iron
meters have recently been greatly improved so far as
aceuracy is concerned, but are not generally suitable for
radio laboratory purposes becausc of the large power they
take. Moving-coil meters are, or can be, excellent in both
respects, and in cheapness are surpassed only by meters

INDICATQRS

that are very little good in cither. Even moving:
meters cannot be assumed to draw satisfactorily little power ;
an ammecter or milliunmeter should not drop more than
o1 volt at full scale (0-075 is a standard Beure), and
1 mA (1,000 ohmis per volt) is a usctul standard ol voltmeter
consumption. 1t 1s a good thing for a voltmeter to have
a scale of current also, as it is then possible to read off
the current taken at any vollage reading, and if necessary
use it in making a corrcction.

By the way, somc meters are warked **B.S.1” or
** British Standaid First Grade 7 or the equivalent. This
sign does notmean that it iy the highest possible grade of
instrument, for there are better grades such as ** Sub-
standard ™ (which dacs not sound nearly so impressive ) ;
it does mean that the instrument satisfies a certain defined
standard of accuracy, which is good enough for any but
exceptionally precisé work. !

Fig 28 ; The Cambridze Instrument Co.'s * Uni-
avoe ' Versaule Galvinometer can be used for
sccurate work In confunceion with 3 great variecy
of accessories. A multrange ohmwecar manu-
acared to the authar's desiga 5 shown
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‘The unfortunate thing about the moving-coil meter is
that there is nothing quitc so good for A.C. Although
moving-iron meters can be made of comparable accuracy
if one pays handsomely for it, their consumption is very
heavy, and they are useful only for low (power supply}
frequencies.  The thermal type can be used at any fre-
quency, from zero to ultra-high, if it is suitably designed,
and it gives true R.M.S. 1eadings, but it is quickly put
out of action by a slight momentary overload, and is
cither very expensive or power-consurhing or both. T'he
electrostatic type is totally unsuitable for all except one
particular purpose, but that one ought not to be forgotien,

pecially m ion with televisi An instrument
of the ordinary currcni-operated types for weasuring
voltages of the order of thousands is very expensive, and
the power consumed almost certain to be serious. Bul
it is just where other types are least useful that the electro-
static meter is best. The higher the voltage (up to about
10,000) the cheaper it is, and the current drawn is prac-
tically n or general purposes, however, the true A.C.
types of mstrument are so [ar inferior 1o the D.C. moving-
coil that in the most popular models a metal rectificr is
incorporated to enahle the latter to be used on A.C. too.
There is a slight loss of accuracy in the process, and the
chicf disadvantage is that the reading depends to some
extent on waveform ; the error due to irregular waveform
may be 10 per cent. or cven more. A compensating
advantage over those types that read true R.M.S. values
whatever the wavcform is that the scale is practically
lincar as in a D.C. moving-coil meter, except at low
voltages. 'here is some difficulty with voltages lcss than
about 1, but this has so far been overcome that excellent
millivoltmeters of the rectifier type are now available.

T Fig. 29 Sale of rocu

% without shunting

.
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Fig 30 () Method of con-
necting rectifier shune, The

-4 recufier ‘abous UPPER
SErtl e | it

ey
() rdoMmALs (B

The range of frequency over which the rectifier is eflective
also being extended and now includes the lower radio-
frequencies.
A rectilier varies in resistance according Lo the voltage
applied, so the ordinary method of muktiplying the current
range by shunting the meter is ruled
57. The Rectifier out. Instead, a current transformer
Automatic Shunt is used, with various primary windings
to provide suitable current ranges.
But the application of a rectificr as a shunt comes into a
useful dodge that is not as well known as it ought to be.
Milliammeters nsed for general testing, even in the hands
of the most careful workers, run a grave risk of bent
pointers, or a worse fate, as a result of accidental excess
currents. By the time that a low resistance shunt is
switched across, the damage is done. What one wants is
an automatic shunt that adjusts itself according to the
current. A metal reetifier is such a shunt. “Things can
le arranged so that when the current is small its resistance
is very much higher than that of the williammeter across
which it is connected, and practically the full sensitivity
of the meter is preserved near the zero end of its scale.
But as the current increases, the rectifier shunt resistance
drops ; it is possible for a o-5 milliammeter to have the
full scale current raised to 1 amp. in this way. Fig. 29
shows how the original scale is extended by the rectifict,
7
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and Fig. 30 the circuit.  The components are a o5 milli-
ammeter, a Westinghouse L.T.-5A rectifier ; and about
130 ohms of resistance. For further information on this
scheme refer (o The Wireless World, Jan. 11th, 1935 and
June and, 1938.  The disadvantage of the earlier descrip-
tion was a high voltage drop—over a volt full scale—
but with the 1.T.-7A 1cctifier this is reduced to about a
balf. Apait from its protective function, this racthod is
sometimes adopted to obtain a special scale shape—e.g.,
a decibel scalc for signal level meters—but unfortunately
the charaleristics of the rectifier are dependent on tempera-
ture, and especially with such a wide-range scale the
accuracy s poor. In one very useful application—bridge
galvanometers—this does not matter and it is diflicult to
see why it is not commonly used for the purpose; the
advanLages arc to obvious to need emphasis. OF course
a rectifier appropriate to the resistance and current range
of the meter must be used ; a sensiive galvanometer
requircs a comparatively low current rectifier. The
Westinghouse Brake and Signal Co. can give advice
regarding any special case. It is necessary to specily the
resistance and full scale rcading of the instrument, without
shunt, and as desired with shunt. To protect against
1everse currents at least one rectfier path must be connected
cach way across the meter, as shown.
In theory, the construction of plain shunts and multipliers
for cxtending the current and voltage ranges of D.C.
instruments is simple ; in practice it
58. Range Shunts demands rather more care, for a given
and Multipliers  siandard of accuracy, than the un-
initiated might suppose. This work
is fully dealt with in many publications,* so will net he
included here, cxcept for one valuable tip,  When winding
a resistance that must be adjusted to an cxact amount, do
it in two sections. Wind a little short of the right value
with the ordinary wire, and do the adjusting on a supple-
mentary section of much heavier gauge.  Another bit of
advice Is never to select ranges requiring awkward scale
factors such as 2} or cven 4. Errors are sure to occur
* For example, by C. R. Cosens in The Wireless Engineer, Nov., 1934.
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due to faully mental arithmetic in moments of stress.
With A.C. insttuments, range multiplying is not so simple,
cven in theory, and had better not be attempted without
adequate knowledge of the problems involved.

As electrical power is the preduct of curtent and valtage,
one method of determining it is to measure or calculate

each separately and multiply. That
59. Wattmeters is all right for D.C., and for A.C. in

non-reaclive circuits, but il current
and voltage are not in phasc an extra factor must he
included—the cosine of the phase angle, otherwise known
as the power [actor. A wattmeter, which depends for its
deflection on the force between a movable and a fixed
coil, one for voltage and one for current, takes account of
this and reads true watts, Although wattmeters arc very
important in * heavy ** electrical engincering, they are not
much used in radio laboratories, hecause they are com-
paratively expensive, are subject 1o considerable error duc
(o their own consumption in low-power systems, and arc
particularly inaccuratc at the low power factots common
in * communication > circuits. Exeept perhaps in con-
neetion with the total power taken by a receiver there are
other ways, to be dealt with later, of measuring power
factor. .

The foregoing ate the fundamental * pointer ” insiru-
ments ; there are now many others, going under various
names, in which the same meters appear thinly disguiscd
by scales calibrated in other quantities. As wattmeters
are still fresh in the mind this is perhaps a good point at
which to expose the pseudo-wattmeter, which is simply a
voltmeter or milliammeter calibrated in watts. Such a
calibration can hold good only under cettain conditions :
for instance, an ammeter may be connccted in a supply
circuit, and assuming a cettain fixed voltage and power
factor it is legitimate to scale it in watts. But of course
its readings arc immediately invalidated if voltage or
power factor alter ; unlike a true wattmeter it camnol
take account of these factors.

If the circuit in which the power is to be measured
consists of a pure resistance the power factor need not be
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taken into consideration because it is equal to 1. And
2
by Ohm’s law (he power W in watts is cqual Lo o

IR (V in volts, I in amps., and R in ohms), so a volt- or
ammeter can be legitimately scaled to read watts consumed
in one particular resistance. This is the principle of the
“output meter ”, which heing rather important in radio
work deserves more than passing mention.

When testing a receiver by applying a signal, the ear
is not a very satisfactory indicator becausc it cannot easily

distinguish small changes in intensily
60. Output of sound ; it gives no quantitaiive
Power Meters  readings; and it cannot be relicd

on even for rough comparison. So
for comparative work—e.g., “ lining up ” a receiver—an
ordinary metal-rectiher A.C. voltmeter can be connected
across primary or sccondary of the output transformer
(preferably the Iatter if the meter possesses a suitable rangc).
A valve voltmcter is sometimes recommended lor this
purpose, but it is much less robust, portable, and con-
venient than the metal rectifier type.

Now a loud speaker is not a fixed pure resistance, but
if its resistance as a load at the frequency of test is known
at least approximately, it is possible to get some idea of
the actual power in il from a vollage reading. OF course
it is necessary to make sure that the resistance of the
voltineter is at least several times as great as that of the
speaker |

When more accurate measurements of power are wanted,
as in determining the semsitivity or maximum power
output of a set, it is better to replace the Joud speaker by
an artificial load consisting of an accurately known pure
resistance.  The volumeter can then be scaled in watts or
milliwatts.  While the instrument is certainly capable of
reading true watts in this way, it is taken for granted in
measurements of the output of valves that the load resistance
is adjusted at least approximately to the optimum value,
or whatever other value may be required for special tests.
Not only is it necessary, then, to have a load resistance
that can be varied to cover all probable requirements,
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but the milliwatt scale of the voltmeter has to be different
for every value of resistance, which is hardly practicable
if a really adcquate selection of resistances is provided.
The difficulty is avoided by means of a transformer with
a fixed secondary across which the voltmeter and a suitable
fixed load resistance are connected ; and the primary is
tapped, or a number of separate windings provided, so
that the fixed Joad resistance can be made equivalent to
any one of a number of dilferent resistances, looked at
from the primary side. Under these conditions a trans-
[ormer to give nearly perfect characteristics at all fre-
quencies from, say, 30 to 10,000 ¢fs is a difficult piece of
design ; but for the purposcs for which an output meter
is gencrally used a very high standard of accuracy at the
extreme conditions is hatdly necessary. In the well-known
General Radio 583-A Output Meter a speeial compen-
sating system is used 1o equalise readings over the wide
range of load resistances included, 23 to 20,000 ohms.
Information on how to make a variable impedance output
meter is given in Scc. 159. An adaptable meter of this
sort is very valuable, for it cnables one to see quickly how

Fig.3]. General Radlo Qutput Power Meter typs
583-A, guing direct readings of mulliwatcs with
a'laad varuable from 2.5 to 20 003 ohms

iz
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the outpul of a stage is affected by the load resistance.
The resistance which is fonund to give maximum output is
not, of course, generally the © optimum ” load ; ome has
to take account of distortion too.
Another growingly popular meter which is scaled to
read an indirect quantity is the ohmmeter. Many multi-
range test scts are provided with a
6l. O ers direct-reading resk: 4 scale.  The
) ower for deflecting the pointer iy
obtained from a battery—usually a small one contained
in the instrument—and the cxtent of the deflection is
controlled by the resistance connceted to the appropriaic
terminals or clips. As the deflection depends also on the
vollage of the battery it is necessary to make a preliminary
adjustment to compensate for this. Fig. 32 shows the
circuit of onc of these simple ohmmeters.* R is a resistance
equal to the desired mid-scale reading, and the meter is
adjusted by the variable shunt S to give its full deflection
when the “ X * terminals are short-circuited.  Under these

conditions 1,, lull scale current, R ‘The 1esistance, X,

to be measuted is then connceted and the current now
q L T 1

flowing, 1, = Rox Eliminating Ewe getxﬁR(I:——!

from which it appears that the result depends on R (which
is fixed) and the ratio of the two currents.  As the actual
values of current are therefore inunaterial it is allowable
to use the variable shunt, as described, for bringing the
pointer injtially to full deflection (zero on the resistance
scale) whatever the baitery voltage

may be ; the second deflection

pwith X in circuit, is then a

measure of its resistance. By

X selecting appropriate values for
Fs 32: Cireur_of R and  the
g i Sim e 1t

ekt e iy Shunta variety

ured o sonnscred 1o che of resistance
tormnals

= ranges can be

* For detalled information on b

e b5 etaed information on Lo 1o make ohmmeters see T. D, Duston in
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provided in one instrument; but for very high ranges the cur-
rent meter must cither be very sensitive or the battery vol-
tage must be raised ; and for low ranges the resistance of the
battery, neglected above, introduces ertor, The “ Avo-
meter 7, a pioneer in this field, has two preliminary adjust-
ments—one for voltage and one for resistance of the battery.
With a trifle more trouble any voltmeter can be used
to measure resistances, as described in Sec. 171, Ol course,
(he direct application of Ohm’s Eaw by means of voltmeler
and ammeter is oo obvious to be described, but besides
the necessity for the two meters there is the risk of ** bump-
ing ” the carrent meter by an unexpectedly low nnknown
resistance, and aflowances must be made for the power
consuined by one or other of the meters.
Although some ohmmeters have more than one scale,
it is difficult to cover with accuracy anything like the full
range of resistances encountered in
For Low radio practice. The conventional
tance chmmeter has scldom cnough voltage
to go up into the megohm ranges
without additional battcries, or enough current for the
very low resistance ranges. It is often very desitable 1o
lhave some means of measuring the latter—switch contacts,
etc. The most satistactory method is to use the unknown
resistance as a shunt to a current meter, the reduction in
deflection being a measure of the resistance. The Ferranti
low-rcading ohmmeters depend on this principle. To
cover a wide range of low resistances in one instrument
the author of this book devised a multi-ranging cxtension
of this scheme, which has been embodied in the Cambridge
Resistance Mcter, illustrated in Fig. 28. The same scale
applies for all four ranges, covering from 0-001 to 1,000
ohms with reasonable accuracy, and the scale factors are
all multiples of 1o, There is no possibility of bumping
the meter, even if the unknown resistance fluctuates
betwcen zero and infinity, as may approximately happen
when one is joggling a switch (o test its contacts. The
voltage employed (2 max.) is sufficiently low not to give
a false indication by breaking through surface skins.
But when testing the absence of a conduetingfpath it is
77
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usually desirable to apply a high voltage, to ensure thal
the insulation under test is capable
63. For Very of withstanding it. For this the
High Resistance  Megger ” made by Evershed &
Vignoles is and always has been the
standard instrument,

In recent years (he original  Megger  has been grcatly
develaped in two ways 3 in the direction of widening the
range of measurcments Dby incorporating the Dbridge
principle for the lower values ; and in the production of
cheaper models.  As high resistance testing at high voltage
forms a relatively small part of the work of most radio
laboratories, the rather large cost of the standard instru-
ments {of the order of £50) puts them out of reach ot all
ery lavish establishments, but the Wee-Megger.
Tester illustrated here is worth considering. For £8 -
it is possible to buy a 500-volt machine scaled from
10,000 ohms t0 20 megohms.  The reading is independent
of the speed at which the generator handle is turned,
provided that the capacitance of the circuit tested does
not exceed about 025 wF. Testing of large condensers
is  impracticable with  this
model owing to the chaige and
discharge currents [as  the
generator speed fluctuates, but
the “Megger” and
Meg " ranges of

instruments  are

33 WeeMegger-Tester °,
irect reading ahmmeter for
sulitian e, incorpora-
2 4 500-volt hand-driven gan-
erator (Evashed & Vignoles L1d.)
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PREGSURE COIL
RESISTANGE

GENERATOR

Fig. M. Curcult diagram of che * Wee-Megger-Tester ™. With infinice
resiscance, cureent laws anly through the pressure coll, causing the pointer
to be held in che ullscale position, Any currenc flowing throvgh che
resistance under test Eraverses che current corl and catises 4 corrssponding
deflection (Evershed & Vognoles Ltd )
obtainable with a special constant outpat generator for
high capacitance circuit tests, and a choice of seales up to
10,000 megohms at 1,000 volis, i need be. The makers
supply very informative literature about these instruments
and resistance lesting in general.

“The measurement of very high resistances will he treated
i dees. 172-3. There is also a valve-operated ohmmeter
by General Radio, scaled from 002 to 50,000 megohms.

Although perhaps not exactly a pointer instrument, the
vibration galvanometer may be mentioned here, 1t may

be cither of the moving coil or
64. Vibration moving iron type ; if the tormer, the
Galvanometers  word “coil ¥ must be interpreted

rathet broadly, as the moving element
generally consists of a finc wire through which the signal
cutrent passes between the poles of a permanent magnet,
Tt the current is alternating, the moving element vibrates,
and as it is generally artanged to have a very sharp
mechanical resonance ‘the response is highly sensitive to
signals of a particular frequency. ‘The vibration is made
visible by a lamp and lens system. The principal applica-
tion is to bridge work at frequencices of the order of 50 ¢/s,
at which it is extremely sensitive and has the  great
advantage of practically ignoring harmonics and other
79
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currents that might tend to obscure the null point.
Vibration galvanometers are usually rather cxpensive ;
one of the least costly and most practical is that made by
the Baldwin Instrument Co. (Fig. 35).

Electronic Instruments

Although in principle the valve (or thermionic) voltmeter
might be classed with the mctal rectifier type already
described, the intlerest concentrates on

65. Valve the valve portion of the instiument
Voltmeters rather than on the meter itsclf, so it
has been held over to this scerion,

which is devoled Lo indicators that depend for their action
on electronic discharge through more or less rarified space.

The valve voltmeter is in general considerably morc
elahorate and less convenient than a straightforward meter,
so would not be used in preference to it; but in radio
work there are very many applications where the ordinary
meter is useless, either hecause it draws oo much power
or otherwise disturbs the circuit unduly, or hecause it does
not respond to a wide enough range of frequency.

There would be no lack of material for a whele hook
on valve voltmeters, and what follows is by no means
exhaustive. Different  types have  their  respective
advantages and disadvantages, and a single circuit cannot
serve every possible purpose ideally. In essence the valve
voltmeter is simply a valve operated at a curved portion
of its characteristic <o as to rectily the signal and give an
indication on a meter, usually in the anode circuit. The
detector valve in any receiver can be converted into a
valve voltmeter by the addition of a meter, and often this
is actually quite a sensible thing to do, because the dis-
turbing effects of introducing measuring apparatus into
the signal circuil are completely avoided. It might be
objected that a calibration process would be necessary
every time. True, any sort of instrument called a volt-
meter ought to be calibrated in volts ; and one expects
a valve voltmeter to be no exception. But cven when
highly elaborate precautions have been taken, a valve
voltmeter has not the permanence of calibration that is

8
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requited of, say, a moving-coil instrument. 1f a lot of
trouble has becn taken to obtain a very accurate calibration,
it is not enough to do it once and thereafter rely on it for
ever ; to mainlain such accuracy ol measurement it is
neeessary to clieck it every few months, at any ratc on
ranges below one or two volts. In view of this it is a
good principle wherever possible to use valve voltmeters
only as indicators of cqual signals, becausc then no
calibration at all i necessary. If this is not practicable,
the next best thing is to make the result depend on the
ratio of two readings not too widely different, so that error
tends to cancel out,  An example of this occurs in a certain
method of measuring R.F. resistance, in which the readings
arc in the rato 1 : 4/2. For many other purposcs—such
as measurement of oscillator voltage in superheterodyne
receivers—a very acourate voltage reading is quite
unuecessary, and in certain circumstances, Lo be considered
later, no special calibration at all is required. So the
calibration difficulty may be much
overestimated.

g 3% Vibruon gal-
nomeer, used for
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For general use some or all of the following features
are desirable :—

(1) As nearly
Disregarding wi

as possible infinite input impedance.
ing or other capacitances external (o
the valve, and “ Miller effect™ in
66, Desirable the valve, the input of a wvalve
Features consists of a capacitance ranging lrom
about 1 1o 20 ppl’ according to

type, and i 1esistance that ordinarily may be of the order
of 2 megohm but is usually much less, and may be only

a lew thousands of ohms at Irequencics around 100 Mc/s.
On the other hand, with special valves and carelul
design, the impedance may be raised to many megohms.

(2) Independence on frequency within the range |

concerned. The attainment of this is not likely to
cause serious difficulties at frequencies less than 20 Mc/s.

(3) Wide range of voltages measurable.

(4) Independence on waveform ; unless discrimina-
tion hetween wavelorms is specifically desired, as in
peak aud mean voltmeters.

(5) Portability and ease of bringing into action.

(6) Reading independent on reasonable variations of
battery voltages and valve characteristics.

(7) Simplicity of adjustment, cheapness, and robustuess.

It is rather important to decide at the start how much
one is interested in waveform.  An instrwment to read true
R.M.S. voltages regardless of wave-

67. The Square- form must operate according w0 a
law Valve square law ; that is to say, indication
Voltmeter proportional o square of voltage.
This feature is incompatible with a

lincar seale.  So although changes in voliage near full scale
are shown up prominently, one cannot take accurate
readings of widcly different voltages on amy onc range.
Whereas the ratio between full scale readings on one range
and the next may be 5 or even 10 to 1 on a 1,C. moving-
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coil meter with its lincar scale, it should be no more than
2 or g to 1 on a square law meter. Moreover, although
it is possible with a little care to get a close approximation
to a lrue squarc law by working a suitable valve as an
anode bend detector, it holds this over only a limited
range, and so between these two things it is clear that
absence of waveform errors and wide range of measurement
do not enme ogether.

Tor the more precise classes of work the square law
instrument is important. A triode of the small power type
is the best for the purpose, and by operaling it at various
initial grid and anode voltages, and in each case plotting
the change in anode current against the square of the
signal voltage applied to the grid, one can pick out the
conditions over which square law holds sufficiently well,
because the graph is then a straight line, or nearly so.

Fig. 36 shows the circuit of a voltmeter de“gned to read
true ROMLS, values.  For this purpose it is connected as
shown in Fig. 37 (¢). The Mullard PM.zoz valve is
decapped and fixed to give a shott lead to a low-low
input terminal. To minimise input loss it is customary
to mount this terminal on a washer of selected mica,
keeping all other materials at least half an inch away.
The parts indicated by heavy lines are especially short
and well insulated. B) -pass condenscrs to cathode are
conmecled to form the shortest possible path for R.T.
currents, ‘I'he hest anode voltage in this particular
instrument was found to he about 50, and grid bias about
—8, giving an initial anodc current of Go gA. The
indicator is a Cambridge Unipivot instrument 24 <A full
scale, with a shunt box to give additional ranges of 6o,
240, ()or) etc., gA.  With the input short-circuitin -ewmh
closed, the filament voltage is adjusted to -6, the grid bias
is ad]ustcd to give [ull scale reading on the [ ,LA range,
and this anode current is then “ backed off ” by closing
the  Balance * switch and adjusting the controls. 'L'o do
this more exactly the microammeter is switched io ils
lowest range. FEven with this sensitive instrument and
the balancing out of the initial anode current, o1 volt
R.M.S. s the lowest signal that gives a useful reading
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(05 wA) ; and the lighest reading before giid current is
drawn is 5.5, but it is square law up to only 2 5. The
“High  balance swiich position is to enable a com-
paratively large anode current to be backed off, so that
the most sensilive microammeter range can be used when
a1 substantial signal is present ; this is uscful for tuming a
circuit very exactly to resonance, but must be used with
caution. Naturally it is at all times necessary to take
great care to protect the meter [rom excess current.  The
2-voll filament is run at 3.6 (o imposc at least some
restriction  But with an instrument of this Lype it Is
essential to switch to a high rangc whenever a reading
is not actually being taken, and to take particular care

not to lreak the grid cucuit when on a low range. 10

there is no conducting circuil externally, or the signal
voltage is superimposed on 7Z.F, it is necessary (o use the
alternative connection (hrough a grid condenser and leak.
The input loss is then slightly greater, of course. Two
condensers in series are used for safety, and they were very
carefully selected for high insulation resistance, as a leak
even through many thousands of megohms is cnough to
upset the readings.

Obviously in such a valve voltmeter the virtues numbered
3, 5 7, and lo some extent 6, are very heavily sacri-
ficed to 4 1 and 2 are very goad, but so they may
he in other types.

High input impedance, cspecrally at  ulirakigh
frequencics, can be still further improved in this or any

other type of valve voltmeter by
68. Precautions using an ““Acorn’ valve and
for U.H.F. mounting it in a © probe * at the enc

of a flexible cable, so that the valve
can be brought right to the poimnt where the voltage is to
be measured Smali by-pass condemsers are connceted
close up in the probe, but for low frequency currents it is
advisable 1o supplement them by larger capacitors in the
main hody. The Mazda D1 is a miniature uncapped
diode specially designed for U.11.1',, and its charactcristics
are very suitable for valve volimeters. The heater takes
0.2 amp. at 4 volis, the maximum reverse anode voltage
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is 500, and e capacitance from anode to cathode about
1.5 ppF. For work where extremely high input impedance
is essential there are spoi Qsram valves, of which
particulars are obtainable from the General Electiic Co.
The inconvenience of batteries can be climinated by
mains chive, but for very sensitive instruments greal carc
is necessary in thoroughly insulating
69. The Auto-bias and filtering the power supply. If
Valve Voltmeter [ractional voltage readings are not
essential, a great improvement in
robustness is possible; an  ordinary low-rcading mill-
ammeter can be substituted for the relatively expensive
microammeter. Lastly, by saciificing the square law
fcature, and using * automatic” grid hias, the voltage
range can be enormously cxtended, hecause not only is
the seale then almost lincar, bul various ranges can be
obtained by providing a choice ol bias resistances.  This
is the method nsually adopted in commercial valve
volimeters, ol which those by Salford Electrical Tnsirnments,
the Weston Elecirical Instrument Co., and the General
Radio Co are examples.  Where the work does not jusnly
the expense of high-class instruments such s these, it is
not very difficult to make up a voltmeter on the samae plun.
Tt must be remembered (hat this auto-bias type is necessarily
less sensitive, other things being equal, because the signal
causes an increase in negalive grid bias and an equal
reduction in anode voltage. Tor the same reasons, if it
is desired (o go up to a high reading, such ds 100 volts,
large inttial anode voltage must be piovided, rather
more than twice the maximum peak signal voltage. But
it hias the advantage of simplifying a wide range of measury
ment, and the auto-hias being of the nature of a negative
fred-back system tends to stabilise the indications, rendering
them less dependent on valve characteristics and supply
voltages. Fig. is the circuit of the Mullard valve
volumeter, arranged for easy construction [rom standard
parts. The ranges are 4, 10, 25, and 100 volts full scale,
ind (he indi is 2 0-300 mi .
The General Radio valve voltmeter (Fig 3g) cmploys
awito-hias, but as it is supplied by the separately rectified
n 87
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signal as shown in the schematic diagram Fig. 40 there
are the advantages that the sensitivity is greater because
the indicating valve starts working on the middle part of
its characteristic instead of the foot, and the maximum
meter deflection corresponds to zero signal, and therefore
no damage can be caused to the meter by any sigoal.
The rectifier is an Acorn valve mounted as a probe,
and as it is connected through a condenser any super-
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the peak signal voltage applied. The resistance networh
in the cathode is for range changing on the ncgative
feed-hack principle, and for balancing (he initial current
out of the meter.
Although the auto-hias type is perhaps the mest popular,
for all purposes where a square law voltmeter is not
essential the author favours the some-
70. The Slide-back what neglected species hnown as the
Valve Voltmeter © slide-back . Compared with the
auto-bias type, all the advaniages are
retained, with the exception of one (o be mentioned later,
and in addition there can he :—

(1) Almost complete absence of error due (o supply
voltages and valve characteristics

(2) Avoidance of risk to sensi

€ instrument.

(3) With a slight claboration, readings down ro
o1 volt without any microammeter at all.

(4) Tndefinite extension of readings in upward
direction.

(5) Readings may be taken on any ordinaty D.C.
volimeter, which need not be monopolised by the valve
voltmeter,

The principle is to adjust the grid bias of a valve until
the anode current is just reduced 1o zero in the ahsence
of signal.  When the signal is applicd, an additional grid
bias is needed to reduce the current again to zero, and
this bias voltage is equal to the peak signal voltage and is
a measwie of it. In practice it does not work out quite
so simply, because the bias correspanding 10 © zero * anode
current may be anything within a volt or two, according
to the sensitivity of the anode current meter.  What looks
like 7ero on one instrument may be lull scale rcading on
another. The sensitivity of adjustment is at its very worst
where the anode current curve merges imperceptibly inta
the basc line.  So it is necessary to adjust to some definite
small anode ewrrent. It ought to be as smail as practicable,
becaose the greater it is, the less perfect i the valve as a
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rectifier.  Also if a large “ zero” is used, the meter on
which it iy indjcated is nat sensitive to small changes, and
the adjustment cannot be made to closc accuracy. The
instrument illustrated in Fig. 36 can be connected in such
@ way as 1o serve altetnatively as a slide-back voltmeter ;
see Fig. 37 (b). Because a o-24 pA meter happened to be
available the © zero 7 is fixed at 05 pA for this purpase.
Even with such a small current the simple relation hetween
signal peak voltage and added bias voltage is modified in
two ways. The valve, being now an imperfect reetifier—
the change in anode cwrrent due to a signal is the net
result of & downward as well as an upward swing—the
hias voltage needed to counteract a small signal voltage is
much smaller still, so there is a curved foot in the calibration
curve.  With so small a ““ zeto 7 as 05 pA, the curvature
is seriously noticeable only below about 0-5 volt, and about
02 volt peak can be measured, il the D.C. voltmeter is
not a limiting factor. The other effect is that the slope
ol the whaole curve is shified. In the cxample described
the peak valuc of voliages well above the curved foot is
areater than the hias reading by less than 1 per cent., but
tests show that this erior inereases steadily as the ** zero ™
is increased.  The reason is that the current tcading ot
-5 A, when a signal i¢ on, is the mean of a current which
is zcro throughout nearly 2l the cycle and a sharp peak
at maximum positive signal.s Unless the “ zero s
extremely small this peak requires an appreciable cxcess
of signal volis over bias valts to produce it, and this excess
is (neglecting the foot) approximately a constant proportion
of the whole signal voltage wave.

Another teason lor keeping this peak small, right up
Lo the highest voliages to be measured, is that otherwise a
large aniount of initial grid bias is necessaty to prevent grid
current at the peak, One of the advantages of the slide-
back type of voltmeter is that filament and anode voltages,
as well as fine adjustment of grid voltage, can all be
obtained from a 2-volt battery! In the instrument
illustrated, the filament voltage is adjusted to 08, and part
of the remainder, nearly 1 volt, is the “ H.T.” Apart
ftoms the ohject of avoiding the need for an anode battery,
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(his unusual arrangement ensures that the sataration
current of the valve is so low as to be incapable of damaging
the microammeter, whatever happens to the grid circuit,
The initial grid bias is only —1-3 volts. As the excess of
peak over bias volts is less than 1 per cent., this means
that a signal of about 150 volts can be applied without
drawing any grid current. But if the  zero ” were raised
even to as hitle as 1 pA, the peak voltage would draw
grid cuirent, and in addition the anode current peak would
be limited by the saturation current and the voltage
readings could 1o longer be relicd upon. This is par-
ticularly so if there is a high resistance in the anode circuit,
for then the scanty anode voltage is dropped still further.

Lack of attention fo these points may account for the
relative unpapularity of the slide-back voltmeter ; for if
they arc not sufficiently understood unsuspected crrors and
difficulties are likely (o occur.  OF course, if measurement
of signal voltages less than about 1 is sacrificed, the anode
current meter can be less delicate, there is less point in
severely restricting the saturation current, and conse-
quently anode voltage and grid bias ; and the only thing
one has fo put up with is a larger correction factor.

It was mentioned that the slide-back type has one
disadvantage as compared with the auto-bias anode-bend
type. Uhis is, of course, the necessity for making a manual
adjustment of bias voltage before a reading can be ol-
tained. On the other hand, a signal voltage, especially
a large one, can be adjusted much more precisely to a
particular level, as there is the same scensitivity of adjust-
ment for large as well as small signals.

‘I'he variable bias can be obtained from any source
greater than the peak signal voltage, and there should
be coarsc and fine adjustments. The fine adjustment is
casily obtained from thc filament battery as shown, and
the coarse by single cell tappings or a potential divider
capable of standing the required voltage. Alternatively,
of course, the whole thing can be run from mains supply.
The bias voltmeter can be incorporated, and can then
conveniently be divectly calibrated to read peak volts,
taking account of the low-voltage hend and the correction
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factor ; or it can be any suitable D.C. voltmeter connected
externally. Tt should be noted that if the positive and
negative peaks of the signal wave arc unequal, as they may
quite often be, the reading obviously diflers according (o
which way round the valve voltmeter is connected. This
is uscful in mecasuring certain sorts of even-harmonic
distortion. But of course it must be ensured that the
diflerent connection of the instrument does not itsell
influence the signal by disturbing the cireuit.

A slide-back voltmeter may be calibrated in R.M.S.
volts if desired, by multiplying peak values by o.707 ; but
it must be understood that such values hold good only for
pure sine waves.

The only serious disadvantage of the type of voltmeter
just described is the necessity for a sensitive and con-
sequently rather expensive meter for low readings, and the
desirability of it for all readings. To overcome this
remaining drawback, the author has designed a practical
all-round  instrument in which the microammeter is
replaced by a “ tuning indicator ”, which is not only
much cheaper but absolutely portable and foolproof.
Waorking details of it will be given in Sccs. 156-7.

-All the voltmeters deseribed so far depend on the
curvature of the anode current/grid voltage characteristic.
In radio-receivers the “ grid ” type

7l. The Grid- of detector, in which the grid
current Valve  current/grid voltage curve is used
Voltmeter and the result amplified by the valve,
is more popular because of its greater

sensitivity to small signals (the valve works at a much
higher mutual conductance than when it is biased nearly
to cut-off) and its more linear characteristic. The sen-
sitivily is very uscful in a valve voltmeter ; the linearity
may be a disadvantage ; the heavy anode current at the
initial position, and the lowered input impedance, certainly
are.  And this type is about thc woist for maintaining
calibration conditions. Altogether it would never be
considered if it were not for its sensitivity. One could, of
course, increase the sensitivity of any type by using a stage
of amplification, but the difficulties of maintaining stability
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of adjustment and calibration tend thereby to increase
Deyond endurance, whether the amplification is before or

after the detector.
When making a valve voltmeter for onesell, if it is
intended to be at all accurate, careful tests should be made
of the crrors caused by departures

72. Excluding from the normal filament, grid, and
Errors in Valve anode voltages, and anode current.
Voltmeters 1t is nol necessary in_the final design

(0 make provision for rcading and
adjusting all of these ; generally it is possible to find by
expetiment which quantity controls the accuracy most,
and to include a meter to check that.  For instance, it may
be found that, so long as the anode current is made Lo con-
form to calibration conditions by finc adjustment of grid
bias, small changes in anode voltages are nentralised in
their effects on accuracy. Or it may be found that
filament voltage is the best adjustinent ; the way it can be
made to act depends on whether or not the circuit is
arranged for it to allect grid bias. In a mains-driven
voltmeter eflorts should be made to ensure that a variation
in the mains voltage causcs chunges in the valve voltages
that tend to cancel out. It should not he forgotten that
changing the range by shunting the anode current meter
may alter the anode resistance and hence the shunt does
not act exactly as a scale multiplier even ovet thosc parts
of the ranges that overlap.  The absence of grid current at
the greatest working signal voltage should be checked.

Calibration of valve voltmeters depends on the means
available. ‘I'ie usual method is to do it at 50 ¢fs (mains
supply) ; that is why particular care

73. Calibration is taken 1o make the grid coupling
condensets (if any) and anode by-pass

condensers sufficiently large lor the error due to this low
frequency Lo be negligible. The voltage drop in the grid
condenser is less than 1 per cent. at 50 ¢/s il the capacity in
«F multiplicd by the resistance of the grid leak (and valve,
if that is appreciable) is at least 0-025. In Fig. 36 it will
be seen that (his quantity is 0.1, giving a good margin,
1fa really accurate multi-range A.C. voltmeter is available,
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calibration is simple enough.  But ifonly a single accurately
known voltage is available it can be subdivided by known
resistances, or even lengths of cureka wire cut to the re-
quired proportions, without hothcring to measure their
Tesistances accurately.  All that matters is that the resis-
tances are neither so low that they are overheated nor so
high that the valve voltmeter has an appreciable shunting
cffect. The subject of calibration in general is treated in
the next chapter.

Final]v, lest the eardier remark that accuracy of calibra-
tion is not always essential has been forgotten, it may be
repeated that for many purposes a beautifully finished and
calibrated instrument is quite unnecessary ; more useful and
seliable results may be obtained by improvising a cireuit, or
even by making use of part of the apparatus being tested.
A milliammeter in the anode circuit of the detector valve
ol a receiver may tell onc all that is required. The diode
detector in general use to-day is even more informative, il a
microammeler is available, By connccting it in the fow-
potential end of the load resistance or ““ leak ”, the reading
in wA, multiplied by the resistance in megohms, gives
something slightly less than the peak voltage applied
¢assuming there {5 no initial delay voltage).

Although it is nat usually cansidered as a voltmeter, the
cuthode-ray tube is often a practical alternative to the

valve olimeter,” As such and no

74. Cathode- more it is perliaps not always the most
Ray Tubes— cnnvcnicm choice,  But whercas all
Advantages he other indicating instruments that

Lee et desrtbet b i chapter
show merely the magnitude of the valtage or other quantity
measured, the cathode-ray tube i capable of showmg
(simultancously. il necesary) the ‘magnitude, form, phase,
.nd frequency of n wave, and its relationship to other
«quantities.  And all that is only starting o its applications.
In fact, it gives vastly moic information and insight into
the workings of electrical and allied apparatus than is
pussible by any other means. The X-ray tube is no more
valuable to the surgeon than the cathode-tay tube to the
racho investigator.
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A very commendable featurc is that the presence of a
hundred times the cxpected strength of signal does not
leave one ruefully surveying the ruins of one’s best mcter.
This feature may scem to be having excessive prominence
here, but accidents do happen in the best regulated labora-
tories ; and if by superhuman care and aitention they are
entirely avoided, such carc and attention is bound to he
diverted very largely from the main business in hand.

And it is not expensive, There is still a widespread idea
that the acquisition by the laboratory of a cathode-ray
uscillograph means firstly that the tube itself costs fio ta
£15 3 secondly, that it cannot be worked without thousands
of expensive and dangcrous volts ; and thirdly that even
then it is not much use without onc and possibly two time
base units, cach with from three to six unusually high-
priced valves. While this may be true of television and
certain special laboratory applications, it is quite a mis-
taken idea so far as general laboratory work is concerned.

Tubes suitable for the purpose cost from {2 0 6 : for
enample there is the Mullard high-vacuum E40-G3 at
£z 155.; and, at £2 55., the GEC 4053, with 13" screen,
which works at 250-500 volts on the outer anode, has a
4-volt 08 amp heater, fits an ordinary g-pin valve socket,
and so takes its place among other * valves  in standard
circuit practice; and its relatively small size and cost
renders it practicable for usc on panels and switchboards
and in many pieces of cquipment where a full-size tube
would be out of the question.

The fact that the screens of the chcaper tubes ate rather
small need not arouse cantempt, as many reproductions of
oscillograms in highly esteemed technical baoks are smaller
still. The veal criterion is the ratio of cffective screen
diameter to spot diameter, and a small tube may
actually be superior to a badly-focused large one.

A power unit, moreover, up to about 1,000 volts, can be
made from scrap receiver paris at very low cost. Gas-
focused tubes especially give excellent focus at a few
hundred volts.

And as [or a time-base unit, the one most commonly nsed
by the author has some advantages over the mote orthodox
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sort, not the least being that it was rigged up in a few
minutes from material worth about 1s. !

Even the more elaborate saw-tooth time base units with
\ariable frequency and synchronisation can be made up
from receiver valves and other parts, many of which are
probably in the worker’s stock. Push-pull amplifiers for
deflection are by no means essential with modern tubes.

Even the large tubes can be usefully worked at low
voltages, and nol only is the low supply voltage a con-
venience in itsell but the deflection sensitivity is inversely
proportional to the anode voltage, so that except with very
strong signals it is necessary to spoil the sweet simplicity
of the high voltage tubes by using signal amplifiers. The
4053, unfortunately, sacrifices a certain amount of sensitivity
to Hs extreme shortness.

A full account of the theory and construction of the
cathode-ray tube must be sought elsewhere*, but hefore

discussing the choice of tube and

75. Principles of equipment in greater detail it may be
Cathode-Ray as well to refer very bricfly to the
ubes essential features and how they differ

between one typc and another. It
imay be considered as a specialised form of thermionic
valve @ there is the cathode, dircctly or indirectly heated,
urce of electrons ; then the anode, to which a high
oS voltage is applied, holds out a very powerful
.ttraction to them, but is tantalisingly kept out of reach by
means of the countecpart of a valve’s grid—a cylinder
which is connected to a negative bias, constraining the
clectrons into a narrow stream so that they pass through a
lole prepared for them in the anode, and continuing by
their awn momentum they strike a chemical screen at the far
end ol the tube with such violence as to cause a visible glow.
T'his narrow electron ray, afier it has emerged from the
anode, can be deflected from its course by either elecuric or
magnetic fields, so causing the spot of light to move over
the screen ; and the magnitude, dircction, and change
wne good books are : * The Cathode Ray Oscillograph in Radio Research ',
Wuta- Whtt, Herd and BanbrdeeBell (LM, Stationety Office) ; * Ihe Cathade”
Ry Tube at Work ™', [ F. Ruder (for American practis “ The Low Voltage
Cathuls -y Tabe G Patr (Chapman 2ol Hall. athode-Ray Oseitio-
2w T Revner (Pirman)
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position of the spat (known as origin distortion) ; modulation
of the spot’s brightness (as in tclevision) is not practic-
able; and only tubes with direcily-heated cathodes are
obtainable.

In the electrostatically focused tube (Fig. 42} there

are two or cven three anodcs at
77. Electrostatic various stages along the tube, and
and Magnetic these are maintaincd at voltages so
Focusing graduated as to make the beam con-
verge on the screen.

The system is often described as an electron lens, because
it is in some ways analogous to an optical lens. To secure
satislactory results this rather complicated electrode
system must be located with somc precision ; but if the
heam is magnetically focused, by means of a coil wound
around the axis of the tube cxternally, the construction of
the tube itsclt is simplificd, and therc is more scope for
placing internal deflecting plates. It is also claimed that a
bigger beam can be focused, giving a brighter spot. At
present, however, the magnetically-focused tube is generally
confined to television use.

As regards deflection of the ray, ncarly all tubes for
laboratory purposes are provided with two pairs of electro-

static deflecting plates, distinguished
78. Deflection  as the X and Y pairs {corresponding

1o X and Y axes of a graph). Mag:
netic deflection i possible, alternatively or additionally, by
means of external coils around the neck of the tube with
their axes at right angles to it. They are not so generally
useful, because appreciable power 3 required to cause
deflection, and the inductance of the coils is likely to create
difficulty except at very low frequencies. To ensure a
uniform’ deflecting field, a pair of coils is placed as shown
in Fig. 43, and deflection takes place in a dircction at right
angles to the common axis of the coils. Electrostatic
deflection, however, is in the same plane as a linc joining
the plates. Whereas electrostatic deflection is inversely
proportional to the anode voltage, magnetic deflection is
inversely proportional to the square root of the anode
voltage. l
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In selecting a tube there are quile a large number of
factors to he considered. For audio and low radio fre-
quencies the gas-focused type is

79. Character-  suitable. It gives a better focus than
istics of Cathode- the vacuum type, at least at low
Ray Tubes voltages, and does not need a sym-
metrical (push-pull) deflecting signal.

The origin distortian can be removed, where necessary, by
biasing  the deflecting plates ; and certain Cossor tubes are
provided with split plates to cnable this bias to be applied
without deflecting the spot (Fig. 41). Incidentally, there
is no origin distortion with magnetic deficetion.  If work at
high radio frequencies—1 Mc/s and upwards—is to be
done, the high-vacuum tube must be used. In the elec-
trostatically focused and deflected type, the application of
an asymmetrical deflecting signal (onc side earthed) upsets
the halance of potential and henee both the focus and
deflection sensitivity, causing defocusing and * trapezium
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Fig. 43: Showing how (a) magnetic dellectian and (b) electroscatic de-
ficceion are accomplished, and the relacionshlp between polarity of
uerent or voltage and the dirsesion of deflection
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distortion”.  Provision ot 0 _____
push-pull  amplifier, —for |X-PLATES
applying equal positive and |y-paTes:
ncgative deflecting voltages,  spurTeR.
is mot always convenicent: —PLATE =
but modern tube design has
largely  avercome  these
limitations. The deflecdon
sensitivity of cither gas or
vacuum  types is of the

400
order of %07 millimetres s

volt, where V is the auode
voltage. AU this figure, if
400 volts are applied ta the
anode, a voltage of about
27 gives a deflection of 1
inch, and a peak alternating Cossor
voltage of the xame amount Shase sy
draws a live 2 inches long. g, 4.5
It is important to 1ealise

that the deflection senstiivitics of X and Y plates are not
necessatily the same 5 in the 4031 tbe the difference
is quite appreciable.

The maximum anode voltage for which the tube is
rated —~usnally several thousands  thus requires a consider-
able deflecting voltage to give a reasonable-sized figure on
the screen.  And great care must be taken not to let the
spot test stationary on the screen, for it will quickly
“burn " it.  The life ol the cathode is also reduced by
ligh anode voltage. The main objcct of using such high
voltages is for photographing transient figures on the
screen ; another is for very high-liequency deflection.
For more general use a few hundred volis gives a pattcrn
visible in a not-too-bright room, and there are the
advantages of relatively high dcficction sensitivity and
long life.

‘I'he greater the length of tube, the greater the deflec-
tion sensitivily, obviously ; but to gain the full advantage
of a long tube it is necessary for the focusing to be of a
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Fig 45 Circuit diagram of the gas-

(ocused _catho cube power A8
supply wnit shown . Fig icis Cring
composed  encirely of stwndard

cecelver parts

correspondingly high acenracy, There is a Cossor fule 18
inches long (Type 3277) and although the screen diamcter
of 2 inches scems small in proportian, cxtremely fine
aicillograms can be taken photographically, and for a full-
sized pictare a peak signal of only 30 volts is needed.

An important characteristic, more especially at high
frequencies, is the signal-input impedance.  One of the
advantages of clectrostatic deflection, as of valve volt-
meters, 15 that this impedance is so high that the effect
on the signal circuit may often be neglected. The
capacitance ol any deflection plate to all other clecttodes
is similar to that of a valve—about 5-12 ppF—and the
resistance, even in gas focused tubes, is almost fnfinite.

Vatious types of sereen arc available, some being
specially  suitable for visual work and others  for
phatographic ; the former generally give a green light
and the latter blue, but this is not invatiable. “The time
taken for the fluorescence of the screen to disappear after
the ray has moved from it may be anything from a fraction
of a mictosecond 1o hall a minute : it is thns possible to
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obtain special screens for work involving cxceptionally fast
or slow deflections.
The ordinary type of tube enables one to see how one
quantity—say, vollage—varies with another—say, time.
Sometimes it is helpful to be able to
79a. Double- sce how two different quantitics vary
beam Tubes with another ; for example, the signal
voltages across primary and secondary
coils of an LF¥. transformer, or current and voltage in a
rectifier system, against time.  And for testing amplifiers
with waves of various forms it is advisable to have the input
signal as well as the output shown on the sereen for compari-
son. The Cossor double-beam tube, which enables this to be
done, is particularly recommendable as it costs no more than
the corresponding single-beam type, with which it is inter-
changeable. The device for producing the sccond,
independently-deflected beam is simplicity itsclf—onc
extra plate situated midway between the first pair of de-
flector plates that the cathode ray encounters (the Y plates).
As at this stage the ray is undeflected and is in a diffuse
condition it is split in halves by this central plate, which is
internally connected to thc main anode and therefore at
zero or reference potential so far as the deflection system is
concerned. This extra plate can be seen in Fig. 44-
‘When the split beam proceeds 1o come under the influence
of the X-plates, both halves arc equally deflected by them.
So if, for example, a time-base voltage is applied to the
X-plates, both beams are drawn horizontally across the
screen 3 but they can be independently deflected vertically
by the Y-plates. Since the horizontal displacement is the
same [or both, any phase difference between the two waves
is accurately depicted. It should be noted, however, that
because deflection takes place each side of the plate, one of
the pictures is inverted with respect to the other, and this
must not be mistaken for a mysterious 180° phase shift !
The methed of use is almost self-explanatory, as, apart
from the scparate action of the two Y-plates, everything is
the same as for the convendonal single-beam tube. If
desired, one picture can be raised clear of the other on the
screen by applying a suitable steady voltage in serics with
104
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the signal voltage. Special precautions are taken in the
design of the tube to avoid trapezium distortion with
cither symmetrical or asymmetrical deflection ; or inter-
action between the separate Y-plates. .
Coming now to auxiliary apparatus, the one essential
thing is the power source. Fig. 45 shows the circuit and
Fig. 46 the appearance of a very
80. Power simple unit which is in fact the one
Supplies that has served the author very
satisfactorily for a number of years,
and can be made up from ordinary receiver parts. It is
used to supply a Cossor gas-focused tube, and two anode
voltagcs—300 and 6ou—are available by a change-over
switch. Although the rated maximum for the tubc is
3,000 volts, 600 is found {o be enough for visual use and

Cathode ray cube

Jsee Fiz.
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gives a very bright trace in artificial light or modeiate
daylight.  With 300 volts it is necessary to draw the
curtains when the day is bright, bul as an example of the
semsitivity quite a uscful figure half an inch long is given
by only 5 volts peak.

The smaothing circuits are simple and cheap, hecause
the current drawn by the tube is only a few microamps.

For the same reason the rectified output voltage is very
neatly the peak input, and an ordinary 250-0-250 volt
receiver transformer (so tated at a much heavier load)
gives 600 volis D.C. when connected as shown, even after
allowing for the drap in the smoothing resistor,  [If some-
what higher voltages—about 450 and goo—are wanted,
a g50-volt Lransformer can be substituted. The 1ectifier
is nat important, so long as it will stand the high back
voltage. The Dario S.W.1 is very suitable. Obviously,
single 0+5 uF condensers may be substituted for the pairs
of 1 T, but they would have ta he specially ordered for
the full voltage., The 1 MQ leaks serve to prevent the
condensers from holding a chaige alter use, and to stabilise
the output veltage. The 05 M2 is an ordinary receiver
volume control, used for grid bias, and forms onc of the
two focusing adjustinents.  ‘The other is the filament
current, and the resistance valaes for its control must be
chosen to give fine adjustment and to avoid the possibility
ol current heing passed in cxcess of the tated masximum
lor the filament.  1Those specified are for a tube requiring
about 0-75 amp. at 06 volis, and are intended to make
use of a rheostat of higher resistance than would give
gradual enough adjustment if cntirely in series.  D.C. fila-
ment healing, from a 2-volt cell, i supposed to give closer
focusing in gas-focused tubes, but A.C. can be quite
satisfactory, though (he [ocusing adjustments may be
rather critical. Tt is important to observe thal the
deflection plate voltages arc relative to anode {or ** gun ),
md thetefore the posiive is usually regarded as

*earth 7, and carc must be taken to 1ender le uegalive
parts, such as the filament leads and terminals, inaccessible.
There nust be a conducting path from each deflection plate fo
anode ;i the apparatus to which the plates are connected
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docs not provide one, a ** leak * of about 1 M must be used,
blacked off from the apparatus by a condenser ifl necessary.

The power source should be made up in a box that can
Dhe kept not less than about 5 feet away from the tube, to
which it is linked by an adequately-insulated multi-way
cable, so that there 1s no chance of the spot being drawn
out into a line by unwanted magnetic deflection due to
the power transformer. When working, one must
remember to make sure that no other fransformer—
passibly in the apparatus being investigated—is causing
any disturbance.  Even the earth’s magnetic field produces
a perceptible deflection at low anode vollages, but as it is
a steady one it does not matter much. If transtormers
must be closc to the tube it is necessary to protect it by
a mumetal shield, which, however, is faitly expensive.

Although the complete oscillographs, as sold, usually
contain a cathode-ray tube built into a hox along with all
the ausiliary apparatus, which of course is conveniently
pottable, there is not only the problent of stray lields but
also it may not be easy to get the deflector plates connected
straiglt to the appropriate circuit points with a minimum
of connecting leads to introducc capacitance and inter-
action.  For bench use, therefare, it is preferable 1o mount
the tube in a retort clanp (Fig. 46), us sold by chemical
dealers, so that the base can be placed where it is wanted
and the serecn set al a convenicnt angle far observation,
The diverging part of the tube can be painted black, and
a cylindrical hood placed aronnd the screen, o keep out
room light,

For high-vacuum tubes, one or perhaps two facusing
anodes must be supplied with appropriate voltages, and
gencrally one of these is variable for focusing. Tt is quite
simple to arrange a potential divider system to do this.
and ardinary low waltlage components can he used. But of
course salety must he given due cansideration ; such things
as live grub-screws in the control knobs must be covered up.

Sometimes the power source includes variable polentials
for shifting the spot over the screen along cither X or Y
axes (o counterbalance any valtage bias from the signal
circuit that would otherwise bring the figure away from
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the centre of the screen. There is a limit to the bias that
may be used, in any type of tube, hefore defocusing results.
Generally, however, such * X-shift” and “ Y-shift ™
controls form part of a timc-base unit.
When a signal is applicd between a pair of plates the
resulting figure is merely a straight linc, which indicates
the amplitude of the signal, but not
8i. Relationship much clse. If a signal of the same
between Signal frequency is applied Lo the other pair
and Deflection of plates, the straight line becomes
Figure diagonal, the angle indicating the
relative amplitudes; or if they are
applied in different phase the line opens out into an
cllipse or circle from which it is possible to deduce the
phase angle. By applying the input and ouiput signals of
an amplifier 1o X and Y plates, it is possible to compare
amplitude, phase, and also waveform ; for electrical
distortion is shown hy a visible distortion of the figure.
Again, two independent signals may be applied, and (as
will be explained more fully later) the frequencies can be
compared with great accuracy. In this case, one of the
signals will generally be the * unknown ” and the other
[rom a laboratory oscillator or other calibrated source.  In
other problems it may he desived to study some signal, or
quantily that can be converted into a signal, with respect
to time ; and it is for this purpose that the *“ linear time
base ”” is designed.  This is an oscillator having a saw-tooth
wave form, so that the spot is drawn across the screen at
the desired rate, and then returned as rapidly as possible,
to repeat the process with negligible loss of time. If the
[requency of the time base is equal to the frequency of a
contimiously repeated signal wave or group of waves, the
separate transient pictures of these always coincide and
form a stationary figure which can be observed or
photographed at leisure.
Although a time base is a most useful adjunct, it is
necessarily not ideally simple, and
8. Sinusoidal very often it is possible to substitute
Time Base a sinusoidal for a lnear base; ie.,
one produced by an ordinary sine
108
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wave instead of the saw-tooth variety. This is the ex-
planation of the coil I in Fig. 45, which consists of about
200 turns of jo-gauge wire, about 23-inch diameter, and
can be clipped across onc of the 4-volt L.T. A.G. supplies,
prefexably the rectifier supply for safety. The coil slides
along the horizontal portion of a T-shaped piece of stff
wire, which can he swung round to give & line of any
length or angle.
1t is used at the start, for focusing purposes. Not only
is a stationary spot bad for the screen, but focusing done
on it may have to be revised when signals are on. The
line gives a better idea of visibility, too; and shows if
things are working properly. Then it constitutes a 50 cfs
frequency standard of good accuracy (on time-controlled
mains), which may be used for calibrating other sources
at this frequency and many others of a simple ratio to 50,
It can be used as a time base whencver a strictly linear
law is not essential,
The disadvantage of a single coil is that it does not give
2 uniform deflecting field. A pair of suitably proportioneg
coils is very satisfactory in this respect, however, and can
e seen fitted to the neck of the tube in Fig. 46. The
- amplitude of deflection is con-
trolled electrically as shown in
Fig, 45 instead of mechanically;
- the potentiometer is
eaon cow mounted at the base
ED LR ol the tube.  Dimen-

fr. @
L L. s of colls sun-
T 294 able for prayiding a
unifarm  50-cycle

defiecting field
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sions of a suitable pair of coils are given in Fig. 47, but
there is no necessity to adhere strictly to these.  To arrive
at the final adjustment of position the tube is switched on.
with all deflcction plates strapped ta anode. and the
maximum magnetic deflection, which should bring the
beam wecll oft the screen at both sides.  Probably the for-
ward and return unaces [ail 1o coincide, or the line is
not straight, or hoth. By moving the coils carefuliy to
4 position of symmetry the figure can be reduced to a
single straight line, and the ceils firmly clamped in that
position. In this process it is vital to have no disturbing
ficlds ; and to c¢heck this the tube and coil unit should
be moved around to make sure that the line does not
open out into a pair of lines part of a narrow cllipsc, in
any positior

As the position of these coils is fixed relative to the clamp,
it can be varied relative to clectrostatic deflections by
twisting the (ubc around in its clamp, which in any case
should not grip it tightly as theie is some risk of breaking
the tube in so doing.

The sinusoidal A.CI base can sometimes be used even
when a linear deflection is wanted, because the “ middle
cut > of an extended sinc-wavce trace is quite a reasonably
good approximation to it. It is necessary merely 1a
increase the size ol the base line so that the ends are well
off the screen (if the coils are not powerful cnough it can
De done electrostatically by applying perhaps 200 volts A.C.
to the X plates) and then to arrange that the Y-plate
signal, which is to be observed, occurs mear the centie.
In this manncr, waves of the order of 1,000 ¢/s can be
examined on a 50 ¢fs base. An anode voltage higher than
usual is necessary, hecause of the high spot velocity (or
“writing speed ) which results in less brifliance.

ITowever, sometimes one wants the whole ol a signal
ta be reproduced on a lincar time hase, and for this pw posc

a greal variety of citcuits have heen

83. Linear Time worked out, some wsing gas-discharge

Base Systems valves and others depending only on

ordinary ** hard * (i.e., high vacuum)

valves. llor details of these many varieties a hook on the
1o
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subject should be consulted. The basic principle is to
charge a condenser through some constant-current device,
such as & high-impedance pentode, and then when it
reaches a cerlain voltage the condenser is suddenly
discharged. The voltage across the condenser therefore
consists allernately of petiods of uniform increase and
practically instantancous decreasc; which is what is
wanted for the X-plates. By altering (he capacity ot the
condenser andfor the anode current of the valve, the
frequency of the saw-tooth wave can be varied as desired.
Gas-discharge valves are capable of passing a very heavy
current for rapid discharge of the condenser, and only onc
is required, in addition to the pentode. But they are
genetally limited to audio frequencies, and are not oo
stable in action. Although two hand valves, plus pentode,
are needed, the valves are much cheaper and work much
more reliably, Tight up 1o about 250 kefs. ¥Fig. 48 shows
the hasic circuit. The condenser C is charged through
the pentode V,, and the voltage across it rises at a uniform
rate. V, is connected in parallel, but as its grid is initially
biased negative by the drop acioss R; it passes no current
until the voltage across C reaches a predctermined amount.
Onee a small anode cutrent flows through Vy, it causcs a
signal to be passed (o V, which makes the grid of V, more

&£ F5 80

oooms - 05 e

Foswe
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Fig 48 Schemacic circuit dlagram of hard valve linesr time
ase cireule {due £o O. 5. Puckls)
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positive, thereby cnormously accelerating the discharge.
‘When discharge has taken place the valves return to their
original condition for the next “stroke . The fourth
valve, V,, is connected to the “ worl »—the signal which
is connected to the Y-plates of the oscillograph—and by
causing the screen potential of Vs to alternate in syn-
chronism with the signal ensures that the frequency of the
time base is held in step with it, despite small variations
in supply voltages, etc.

Further elaborations provide for push-pull output, so
that the voltages applicd to the X-plates are balanced with
respect to the cathode-ray tube anode, 1o avoid defocusing
and distortion of the figure on the screen. And it is
customary for provision (o be made for shifting the spot
along both X and Y axes to bring the figure central.  So,
by the time it is finished, the time base unit may be quite
an elaborate picce of apparatus.

Onc of the disadvantages of the time base as described,
giving screen patlerns based on the cartesian co-ordinates

of mathematics, is the shortness of
84. The Polar the base. By adopting polar co-
Time Base, and ordinatcs, the base takes the form ol
Some Others a circle. which is longer and continu-

ous, or even of aspiral which may show
a base 160 inches long on a -inch screen ! A special tube
is needed, however. For particularsof this interesting system.
refer to an article by von Ardenne, the famous authority on
cathode-ray tubes, in The Wireless Engincer, January, 1937.

There are problems in which the base should be some
quantity other than time. There is no end to what can
be done by translating various quantities into deflecting
voltages, and so reproducing performance curves on the
screen.  Valve characleristic curves, lor instance, can be
shown instantly on the scrcen instead of tracing them out
laboriously by metcrs. Not only is there the saving in
time but it is possible to investigate portions of the

characteristics at which the valve could not safely be held -

long enough to take a meter reading. Such apparatus is
described in Sec. 213.
There is one non-time base outstanding in importance
2
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lrequency base. Suppose a [requency characteristic is
required—it may be of a transformer,
85. The amplifier, loud speaker, bandpass
Frequency Base filter, tuner, or complete receiver ; to
be taken at audio or radio frequency.
The apparatus consists of a_source covering the requisite
band of frequency, and an indicator to show the output
at each frequency. When the output varies greatly
with frequency, very many points have to be plotted
cach time; and in work such as  lining-up * a band-
pass receiver, where there are many variable adjustments,
the business becomes intolerably tedious.
But the whole curve can be displayed on the oscillograph
screen by providing means for running across the frequency

Fig. 49 ; Shapes of moving and fixed vanes of s rotating

condanser far providing 2 conumuaus linear vrlacion

of capaaince with Gime ' cbserving Trequency
e riavies By cathode ray o

band over and over again at a rate
quick enough to deceive the eye, but
not too quick for the circuits (o
follow, and arranging for the X-plate
voltage to he proportional to the
frequency. The Y-plate valtage, of
course, is derived from the output of the system being
tested ; if necessary, with additional amplification.
The mechanical method of frequency variation by means
of a rotating condenser is not generally favoured now, but
the author has found it suceessful for
86. Mechanical laboratory work, and it does allow
Frequency any desited “law” of frequency
Modulation variation 1o be provided casily. A
special condenser is coupled up to
a small motor {onc of the gramophone type will do}
driving it at 200-300 r.p.m.  The vanes are shaped
as shown in Fig. 49, giving a lincar variation of
capacitance with time.  One revolution gives two
[requency sweeps each way, and a contact mounted on
the spindle is used to synchronise a linear time base circuit
giving about 15 sweeps per second. A go-cyele sinusoidal
3
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sweep, together with a condenser shaped to give a corres-
ponding ratc of capacitance variation, or ehe a linear
condenser and “ middle cut ” sine wave base, can be used
for some circuits, bul are not suilable for gencral use
because the rate of change of frequency may be high
enough to distort the response curve.  The condenser fixed
vancs ate mounted in several sections so that the 1otal

(i SIGNAL QENERATOR

ouTPuT

Fig. 50 _Complete system for conuintious observati v response charagcer,

1s€ics, The frequency of the signal generator is cor ed over a c b

& motor-driven condenser, synchronjzed with a linear time base to provide a

frequency base for the cachode ray tube, The output of cthe recewer under test <

applied to the other parr of deflectors In the symbol for the cathode ray tube

cencral spor represents the anode, which s normally connected to the  earthy
blate in each parr
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ic system lor abserving che frequency responss characreristics
of receivers. The valve V, acts 35 a vi tori

esallations generaced by V1. which Is one oscllacor 1n 3 beat-irequency syscom Vs 15
the fixed-frequency oseillacor and v, the mixer. Y, ampfifics the receiver respomse
efore spplying Ie to the defeccor
capacitance change can be regulated by including more or
fewer vanes 5 and the whole is mounted in a4 sercened box,
with lead for comnection in parallel with the variable
candenser of a suitable oscillator.  Fig. 50 shows the general
arrangement applicd 1o (he overall selectvity of a receiver.
Lo get the same frequency sweep at all frequencics
used for test, a beat-frequency system may be employed ;
in which one oscillator is used to vary

87. Electronic the test frequency, the other is
Frequency “wobbled ¥ to give the frequency
Modulation modulation, and the resulting beat

note is applicd to the apparatus under

test.  Also a number of electronic methods of frequency

modulation have been worked out, of which the besi-

known is that depending on the Miller effect in a valve.
ns
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This is described by O. S. Puckle in The Wireless World of
August 6th, 1937, and by A. W. Barber in Radio Engi-
neering, November, 1936, Another clectronic system is
described by D. G. Reid in the Journal of the LE.., August,
1936, and K. L. Hill in The Wircless Fngincer, July, 1936.
A circuit derived from information by Puckle is shown in
Fig. 51, wherc the condenser C, is alternately charged
through R, and discharged by the gas-discharge valve V.
"This generates the time base signal, which is applied to
the herizontally deflecting plate of the cathode-ray tube,
and also in part through the condenser C, to the cathode
of the valve V. This varies the gain of the valve and hence
the capacitance reflected into the oscillator circuit L, Cy.
V, is the second oscillator valve, and the two oscillations
are mixed in V, and applied to the apparatus under test,
the output from which is amplified by V and provides the
vertical deflection. In this way the response curve of a
receiver can be rapidly checked at a number of points
on all wavebands, for the condenser C; can be made to
cover, say, 150 to 15,000 kefs.

It may often happen that, as indicated in Fig. 51, a
signal under investigation is too small to produce a uscful

deflection, morc especially with high
88. Deflection yoltage tubes, without preliminary
Amplifiers plificati This is rather in-
convenient, and one of the best
reasons for keeping the tube voltage to a minimum. The
inconvenience is not only that amplifiers represent so much
more additional gear to provide, but also so muth more
(o think about when considering the circumnstances of the
cxperiment. The amplifiers must give the desired ampli-
fication, which must usually be a known quantity, and
certainly must not vary with signal frequency or amplitude,
or with time, or any other irrelevant quantity.

A simple resistance-coupled amplifier is usually adopted,
because the amplification can be kept constant over a
wide frequency range. If it has to go up into the radio
[requencies, the coupling resistance and stage gain should
be kept low. Signal-handling capacity must be carefully
watched ; it is futile to study distortion if the apparatus
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is putting in distoition on its own. Adequale anode
vollage for the amplificr is essential.  And it is heie that
unwelcome complications ate likely to occur with regard
1o supply potentials in biinging the signals to the de-
flection plates without short-circuits or initial deflections
heing caused. Ideally cvery signal should be balanced,
<0 that the algebraic sum of the voltages to either pair ol
plates, with respect to the final anode, is always zero.
To achieve this, a_push-pull system is necessary.  But as
one side of a signal circuit is almost invariably © earthy ™,
one plate of each pair is usually connected 1o Lube anode,
which is earthed if practicable.

There must always be a conducting path from every deflector
plate o anode. it may be a megohm or two il need be.
Plates not in use should be connected straight to anode.
In the 4053 tube referred to in Sec. 74 one platc of each
pair is internally joined to anode, so balanced systems
are impossihle.

To conclude the
subject of auxiliary
apparatus, lig. 52
shows the circuit of
a typical American

portable  oscillo-
scope, incorporating
power supply, vari-
able-frequency time
base with synchron-
ising contraol,

Fig. 53  Cossor
3389 Cathode-Ray
Osallloscope

INDICATORS

separate. X and Y “ampifiers, cach
89. Complete with gain controls, and spot focus
Oscilloscopes and position controls. Considering

its comprehensiveness it is remarkably
simple.  But for rescarch purposes it might be necessary
to elaborare the system very cansiderably.

The Cossor lype 3339 oscilloscope, shown in Fig. 58,
incorporates a_44-inch high-vacuum tube (either single or
double beam) with mumetal anii-magnetic screen ;
A.C.-driven power unit ; time base (5 cfs to 250 keys) ;
synchronising, shift, and callbmung circuits, and deflector
coils. A special [eaturc is the provision of two amplifier
stages which can be used separately for each Y-plate, or in
cascade for one Y-plate ; and they can be arranged to give
a gain of 4,000 Irom 10 ¢;s to 100 kefs, or of 400 [rom 10 ¢/s
to 2 Me/s.

Most of the work apart from rather specialised in-
vestigations on mmmpherics and other uncontrollable

transients can be observed visnally,
90. Photographing by causing ihe signal to repeat
Oscillograms C)Cllcally And such effects as
individual heart-beats, in medical
work, can be scen by using special screens with long

Fig. 54 : Some inexpensive and very useful clectronic Indlcatars : (s) Cossor 3180
nean coning indicacor, (5) Mallard T.Y.4 cavhoge ray ning indicacor, and (c) General
e Osglim "' neon
T s
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after-glow. But for rapid transients it is nccessary Lo
have recourse to photography, and the makers of the tube
should be consulted for their recommendations regarding
this. Nothing very special is necessary, however, for
taking phatographs of stationary figures on the screen.
It is essential that they should be quite stationary for as
long as is needed for the exposure, which must be found
by cxperiment.  Something of the order of a sceond may
be required for a low voltage tube and a stop of about /6.
With a higher voltage tube, Super XX Pan, film, and f2
aperture, exposures as briel as i th sec. are possible.
An exposure must not be /so rapid or it may not include
a complete cycle of movement., ~ (This, by the way, forms
the basis of a methad of testing camera shutter accuracy).

There are some purposes for which one would like to
have the advantages of the cathode-ray as an indicator,

but where a quantitative indication
91. Inexpensive is not essential. A diminutive and
Electronic inexpensive tube is available for this
Indicators purpose—nonc other than the < magic

eye ” tuning indicator. Being com-
pact, cheap, inertialess,  unbumpable *, and negligible as
a load, it may well be considcred as a substitute for meters
and other indicalors in these circumsiances. Certain types
require only g or 4 volts for the full range of movement,
and give a ‘visible response on quite a small fraction of a
volt. In view of the almost infinitely high input im-
pedance, this represents a high degree of sensitiveness,
which of coursc may be still further increased by amplifica”
tion. It is thercfore growingly popular for such purposes
as indicating the balance point in bridges. An cxample
of its use will be described in Sec. 123.

A still cheaper device, but one not quite so stable in
operation, is the 3-electrode neon tube sold as a tuning
indicator by the G.E. Co. and Cossor. The voltage on
one of the clectrodes is indicated by the height of the
glow discharge in the tube. Ordinary ncon lamps are
almost indispensable in the laboratory, not only as in-
dicators, but as voltage stabilisers. {1 should be known
that they are sold with or without a resistance in the cap :
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lor laboratory purposes they are more useful without the
resistance, but as the current then rises almost indcfinitely
at the striking voltage care should be taken to lmit it
in some way to a reasonable amount.

The photo-electrie cell may be classed as an clectronic
indicator, responsive to light. At present it is finding
application mainly in industrial fields, but although il is
not a gencral-purpose laboratoty instrument its existence
shauld be borne in mind for possible special apparatus.

Acoustic Instruments
The indicating instruments desctibed so far in this
chapler deliver their information through the eye, which
is far more semsitive to changes of
magnitude or form than the ear.
They are therefore much better than
acoustic indicators for such purposes
as indicating maximum output from an amplifier. On
the other hand, the car is extremely sensitive to changes
in fiequency, and although the cathode-ray tube may be
used for synchranising [requencies with precision, when 5t
is available, so may phones or loud speakers.
_ A pair of phones, especially of the adjustable type made
by 8. G. Brown, is a remarkably sensitive instrument for
detecting very small alternating currents of the order of
1,000 ¢fs. An audible signal & given by power of the
order of 10-* microwatt! So it is gencrally wsed for
indicating balance in A.C. bridges working at the middle
audio frequencics. The sensitivity both of ear and phones
falls off so rapidly at the very low frequencies that the
<ame system 3 quite unsuitable for, say, 50 cfs. The
much more expensive and tricky vibration galvanometer
i officially prescribed for this purpose ; but a practical
alternative is an apprapriately designed amplifier followed
by an output meter {such as the “ magic eye”).

[hones have the advantage of high scnsitivity and of
keeping out other noises and so improving concentration,
but are tiring to wear for long periods and make one feel
like & dog on a chain. Sa an amplifier and loud speaker
is sometimes preferable.  When obsolete wircless sets are
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almost given away, thae is no difficulty in providing
onesell with such equipment.

An important advantage of aural indication, as com-
pared with visual, is that the ear can discriminate between
signal and noise, or between fundamental and harmonic.
And whatever progress is being made in exact visual
measurement, the ear remains the ultimate judge of very
much that our work is concerned with,

CHAPTER 6

INSTRUMENTS

C—Standards of Comparison

T was emphasised in Scc. 20 that in general it is much
easier and more accurate to measurc something by
direct comparison with a standard of the same sort
than Lo try to establish it in terms of
93. Purpose of  other quantitics. It is quite simple
Standards 10 compare a length, supposed 1o be
one yard, with a standard yardstick ;
but measurcment ol it by observing the time taken by a
standard snail to traverse the distance is likely to give the
vesult to a substantially lower order of accuracy, and to
be subject (o more indeterminate influences.

Among the most valuable equipment of a laboratory,
particularly one where accuratc measurements are per-
forined, are standards of the various quantities concerned.
Some of these, such as resistors and inductors, may be
described as passive ; others, like amplifiers or generating
wavemneters, are active. Passive systems are to be pre~
terred, because they are subject (o fewer influences likely
(o cause error and inconstancy.

In standardising laboratories, of which the X.P.L.
(National Physical Laboratory, Teddington, Middlescx)
is chiel in this country, extreme precautions are adopted
in producing and maintaining standards of the Highest
acenracy,  Very special cells are wused as standards of
voltage. Thesé rarely find a place in a practical radio
laboratory. which depends on indirect measurement by
nmeans of a voltmeter, calibrated by the makers from a
sub-standard instrument, which in turn was probably

calibrated Irom a still more accurate voltmeter, itscll’
compared with a standard cell.  Although the voltmeter
w i inditect method of measuring voltage (it not only
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does not compare the * unknown” with a standard
voltage, but actually measures current !} the direct com-
parison method is (6o inconvenient for ordinary purposes.
"I'he same is true of ammeters and
94, Standards milliammeters. But resistors, however
of Resistance calibrated, are at least the same sort
of quantity as the original.  They can
be produced in an enormous range of values, from perhaps
0-0001 ohm, for heavy current ammeter shunts, up to
many megohms, Extreme values of anything always cause
the most difficulty ; resistances between 1o and 1,000 ohms
arc the casiest lo make accurately, For good quality
laboiatory apparatus, manganin or constantan wire is
generally favoured ; but for making up resistors oneself
curcka is more readily obtainable, is easier to solder (an
important point with very finc wires), has 29 times the
resistance of copper, and for most purposes the effect of
temperature is negligible (0-002 per cent. per °Cl).  The
temperature coefficient of copper is about 0-4 per cent.,
50 the resistance changes very appreciably within the limits
of atmospheric temperature, and still more when heated
by the flow of current. Although nobody is likely to be
so stupid as to try o make a standard resistor of coppet
wire, there is just a possibility of overlooking the tact that
shunting a copper-wound milliammeter with euteka is
just as bad. It is necessary for the moving coil of, say, a
illi to have a ping resi 7 of Jow-
temperature-coefficient wire in serics with it, preferably
many times the resistance of the coil itself. If eureka is
used instead of manganin it is necessary for accurate wor
to see that it is run at a very conservative currcnt rating,
o avoid thermo-electric generation of small misleading
currents.®
“I'he most generally useful form of calibrated resistor is
the decade box, consisting of a number of groups of equal
resistances {units, tens, hundreds,
95, Decade Boxes ctc.) each controlled by an eleven-
stud switch (o-10). For example, a
g-hank hox woutd providc a total of 1,110 ohms in steps

* See also Bec 33T,

STANDARDS OF COMPARISON

of 1 ohm, or 11,100 chms in steps of 10 ohms (Fig. 55).
Apart from the accuracy and constancy of the resistances,
the most importiant thing is the reactance, or rather the
absence of it.  A.C. work is now so much more important

WunDREDS

Fig. 55 : Conaections
of a 3.figure deeade
Fesistance. box, pro-
viding 1,110 ohms In
steps of | ohm

than D.C. that it is hardly worth buying or making resistors

that are not wound non-reactively. It is not enough to

b non-inductive, heeause the capacilance may eause more

trouble al high resistances and frequencics. In one
%3 125
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ingenious method of winding, the residual inductive and
capacitive reactances (for they can never be entirely absent)
are arranged to cancel out.

Decade hoxes, made by most of the electrical instrument
manulacturers, such as the Cambtidge Instrument Co.,
Sullivan, Muirhead, and General Radio, are necessarily
fairly expensive. The usual (ype has an accuracy 1o
within about 0-1-0-2 per ceat., and is reliable at all audio
frequencies and reasonably so well into the radio [requen-
cies.  According to modern practice, switch contacts are
kept inside the box, with only a pointer-knob external, Ttis
worth while making a able of maximum permissible
currents on cach range, and the corresponding vollages,
1o be pasted on the box ; becausc it is vety easy, in the
concentration of an experiment, to exceed these limits,
and permanently impair the accuracy. The makess will
supply the information. * Bargain” resistance boxes
ought to be accepted with caution, because their cheapness
may be due to their helonging to the D.C. cra in electrical
engineering, when an ohm was an ohm, and nobody
asked awkward questions aboul reactance. The plug
connector system, once universal for resistance hoxcs, is
extremely exasperating to anybody who has once used
dial switches of modern design.

It time and patience ave more plentiful than money,
one may try making decade hoxes. Qv perhaps special

calibrated resistors are needed as part

96. Making of some equipment. Anybody with
Standard the aptitude for it can turn out very
Resistors useful work of this sort, although it

requires very great care (o get any-
where near the aceuracy and reliability of the professional
jobs. Much information on methods of winding—and
many other subjects within this chapter—are given in
Hague’s excellent book ** A.C. Bridge Methods ™. Low
resistance clements, of only a few inches of wire, can be
imade like twisted hairpins, as shown in Fig. 56 (4}, Other
clements, up to tens ol thousands of ohms, can be wound
with very thin wite on the thinnest sheets of mica capable
of supporting them firmly. The object of this construction
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is to reduce to a minimum the cross section area enclosed
by the coil ; and hence the inductance. The capacitance
is quite low, too, if the wire is wound in a single layer
from end to end along a small strip. Such construction,
particularly if very fine wite—smaller than 40 gauge—is
used, is satisfactory at quite high radio frequencies, and
is ofien adopted in signal generator attenuators. The
wire must not be allowed to bulge out from the sides, but
should lie flat on the strip, and it is 4 good thing to give
it a coat or two of very thin shellac varnish.  The current-
carrying capacily is low ; and for the medium resistances
—1 to 100 or possibly 1,000 olims—the Ayrton-Perry
winding is morc satistactory. The procedure at first is the
same as just described—a single layer from end to end
on a strip of insulating material—but the resistance must
be just double thal required. Then another winding is
put on, exactly similar exeept that it is in the opposite
rotation, The inductances of these two windings are in

{0) The

onsists of fine wire wound o

e thick wire connceting leads. In (c} (the.

Ayceon-Parry mathod) thers are two windings wn paralfel, in OpposIte rotatian to
neueralise seff-induccance
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opposition to cach other, and thercfore it is allowable
for them to be supported on material of appreciable
thickness, and hence for the wire to hé of a substantial
gauge. In addition to more care being nceded in winding,
this system is more complicated 1o adjust, because both
wires have to be shortened simultancously.

It has already been pointed out that 1f resisiors arc to
be really accurately adjusted it is almost essential to do
it on an auxiliary section wound with thicker wite, the
main section being a [ew per cent. less than the full amount.
To avoid having (o keep on making adjustments, waiting
for the joint to cool each time (for when hot it sets up a
misleading thermo-clectric current), and then measuring
it carcfully ; « loop of the thick adjusting wire should be
slowly twisted, with the hridge or other standardising
instrutment in action, until it has been short-circuited to
the necessary length, Then the twisted portion can be
carefully soldered, making sure that the untwisted parls
cannot come into contact. When it has cooled down it
will probably he found to be a shade less than par, owing
to creepage of the blob of solder ; a litte careful thinning
of the wirc with a fine file will put this right. The file
is used also in adjusting shunts and other very low re-
sistances, which are often made of strip metal.  Contact
resistances have to be considered, especially with low-
resistance clements, and it may be really difficult to make
comparison wilh a standard in such a way as to exclude
the effects of terminals and leads. An unreliable decade
switch is an abomination of the worst sort, and for h:gh-
class work the Cambridge Instrument Co.’s switch unit
is to be recommended. A cheap and reliable substituie
for most purposes is the Yaxley type of switch, obtainable
in many varicties for radio recrivers.

‘When it comes to resistances ol the order ol a megohm,
it becomes expensive to wind them of wire, and almost
impossible if strict non-reactive methods are adopted.
Generally such values are used as muliipliers for D.C.
voltmeters, and may be wound anyhow ; or possibly for
A.C. of 50 cfs, in which case it is cnough to wind on a
multi-groove [lormer, reversing cvery alternate section Lo
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give a faitly non-inductive result. But for high frequencies
ftis better to rely on “ grid-leaks ** although they generally
have bad temperature coefficients.  If the resistances are
selected on the low side, most types can be carefully seraped
10 a desired value and thien protected from the air by insu-
lating paint or varnish. No known type of resistor remains
accurate at ultra- high [requencics, and they must be
specially calibrated at the required frequency. Standard
resistauces for adio frequencies, as used in certain methods
of R.F. resistance measurement. must be made of sufficiently
fine wire to keep the skin
cffect error within reason-
able limits; a table ol
permissible gauges is given
in Scc. 29g. The usc of
finer gauge wire also results
in lower reactance errovs.

Fig.57 Deea
© swiech with muldi-leaf
contace arm to mini-
mise resistance (Cam-
bridge instrument Co.,

d)

Although it is a digression from considering actuat
apparatus, this scems to be the best place to make clear
an  important  principle  where
standards are concerned.  Com-
parison of the ' unknown ” with a
calibrated standard of its own sort,
with Standard unless there is some good reason for

doing otherwise, has already heen

advocated in preference 1o indirect methods. But there

arc two ways of using a standard in the comparison method.

'he standard, assutning it to be variable, can be treated

as a lump of the requived quantity—sesistanee, inductance.

or whatever it may be to the tune af the dial rcading,
129
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But however pleasantly simple it may be to think ol such
electrical lumps—and circuit diagrams certainly tend 1o
encourage the habit—they are creatures of the imagination.
Llectrical quantitics do not reside within prescribed limits,
but are distributed throughout a circuit.

Connecting leads, switches, supporls, and  such-like

humble but essential auxiliaries cannot he left out of

consideration.  So when you throw in a chunk of resistance
you have to decide where it begins and ends.  Vexatious
complications of this sort can gencrally be wholly or parily
excluded from the problem by dealing, not in absolute
quantities, but in differences.

To follow what this means, suppose & comparison is
being made between two decade boxes, one calibrated
and the other not, Tt is necessary to have a meter or
othet device giving an indication governed by the resistance
between a pair of lerminals. One way of making the
comparison is hirst to conncet the unknown there, and
note the reading. "Then it is removed, and replaced by
the calibrated bux, whicl is adjusted to give the samc
reading, as nearly as possible.

To achieve the highest accuracy it is necessary to make
sure that unauthorised resistances, due to switches and
leads, ate negligible. This may not cause anxicty in the
majority of cases, but if the resistances to be ineasured are
themselves very low it is a scrious matter. The standard

resistance may be known within 1 per cent., but this is of

no advantage if circuit resistances amount to perhaps
1o pet cent., and are not known at all.
Tn the alternative method, both resistance hoxes are
left connected all the time, and switching clements into
one is balanced by cutting them out
98. Difference in the other. There iy a possibility
Calibrations of switch contacts varying slightly
from one to another, but this difference
is not likely to be as much as the whole resistance of a
swilch, small as that ought (o be il it is 2 good one. As
for the vesistances of lcads and terminals, they fade out
of the problem entirely.
Except for comparatively rough measurements, then, it 1§
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necessary Lo defiue exactly what the resistance in question
includes, especially with low values or at high frequencies.
“Thenecessityisstill greater withtheotherelectrical quantities.
In fact, the statement that a component has a capacitance
of so much has little meaning unless the method of con-
ncction and other circumstances are specified in detail.
Occasions often arise when it is necessary to measure
very small capacitances. TInterclecirode capacitances of
valyes, for instance; only a few puF. Or consider a
tuning condenscr—more  strictly  ““ capacitor ”—where
total capacitance is not parliculmly swmall, but which it
may be important to know within a fraction of 1 ppF, for
accurate ganging.  You may say, compare it directly with
a standard variable condenser, calibrated to the requisitc
degree of accuracy. Very good ; but what cxactly does
such a calibration mean?  There are always stray capaci-
tances. Even il one side of the condenser is earthed and
extended 50 as to screen the other, and cven il connecting
Jeads ate reduced to a minimum, how is one to know
that the stray capacitance is exactly the samec as in the
original calibration circuit?  Considering that differences
of capacitance ol 2 hundredth of 1 uF can be distinguished
quite casily with simple apparatus, it would be unfortunate
if the accuracy of the most precise standards were wasted
because o uncertainties as to strays. But whereas the
absolute capacitance may he uncertain, the difference hetween
any two rcadings on the scale is unaffecred by whatever
external capacitances may chance to be effectively in
circuit, Therefore the difference method is to be pre-
ferred, at any rate when an amount as small as 1 ppk
has any significance in the case.
Coming now to actual standards of capacitance, there
are two main sorts to consider : vatiables, usually not
much more than 1,000 wpF maxi-

99. Standards mum ; and fixed condensets, some-

of Capacitance— times assemhled  jnto  boxes and

Mechanical controlled by switches. Although so

Construction simple in principle, the condenser has

of Yariable permanently occupied the attention

Condensers of some of the best scientific brains ;
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and those produced by H. W. Sullivan, Lid., lor the
N.P.L.. are among the most remarkable examples of
scientific cralismanship. One of 1,000 ppF, costing
upwards of £100, is shown in Fig. 58 and incidentally
disposes of the idea that a direct drive is n?cesmnly no good
for fine adjustment. Although offering considerable
resistance o rapid rotation, the bearings are so beawtifully
made and adjusied as to give the impression that if a fly
leaned against the handle it would move steadily at an im-
perceptible rate, At least, there is no difficulty in making
the most delicate adjustments by hand.  Fven the relatively
very cheap variable condensers made by this fam, costing
about £, are characterised by smoothness of rotation that
astonishes anybady whose experience is limited to ordinary
“ commercial ” types. A variable candenscr is, in fact, more
of a mechanical job than an electrical ane ; such a slight
movement of any of the parts in any direction other than the

The Sullrvan-
s series gap "
dense;

vary igh precision
H W Sulvan, £44)
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Fig 59 : Two types of condenser bearing. Type
b in which the end-places are nor under a separa-
ting stress, i¢ to be prelecred for permansnce of
Gaiibration

desired rotation is liable to upset the aceuracy. The worst
movement is that in an axial direction, for a shift cqual
t0 one inter-vanc gap—which itsell may be only a fraction
of & millimetre—corresponds Lo an increase in capacity
up to infinity! In the more refincd Sullivan condensers
an ingenious method is adopted for putting pairs of adjacent
gaps clcctrically in series, so that the total remains the
same when the moving vancs suffer an axial shift. For a
full description of these, refer to articles by the designer
in The Wireless Engincer, )anuary and February, 1928,
and January and February, 192g. But as such types are
not likely to be within the means of the smaller laboratorics
and individuals, a choice must be made of condensers
that are well constructed mechanically, with vanes treated
to prevent warping and spaced rather more widely than
in ordinary uncalibrated types. Bearings that give smooth
votation and frcedom from side-play, undue wear, and
slackening-off, are important. The common practice of
supparting the spindle by compressing it between the
end-plates is open (o criticism, because even the stoutest
material subject to this siress is liable to acquire a set
and so cause slackness and loss of calibration, It is better
for the spindle to have frec axial motion through one end-
plate hearing, thus relieving both plates from stress, and

for the ather to determine the plate spacing (Fig. 59).
A straightforward scale must be very accurately
engraved, and fitted with a vernier, to be read to fractions
of & pupF when the maximum is 500 puF or more; so
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in the General Radio, Muirhead, and Marcoui-Iheo
laboratory condensers there is a_geared system in which
the fast-speed drive is fitted with a separatc scale for
interpolating between the divisions on the main scale
(Fig. 60). Naturally the mechanical precision of the
gearing has to be very good to avoid mechanical backlash
and in fact for the highest accuracy the erros of the gear
can be measured and taken into account.

For more modest standards, the best condensers that
can be aflorded should be used, and htted with a good
Jow-motion dial. Some dials arc ade by Muirhead
(Fig. 61), less expensive than the highest-grade laboratory
class, and much hetter than ordinary tuning types. 'The
vital thing is to make surc that there is no mechanical
backlash ot whip between the pointer and the vanes ; and
10 this end the spindle should be no tighter than is necessary
to avoid play.

Fig. 611 Muwrhead
1-AY " siow.motion
precsion dial for la-
boraory variable con-
densers and ather
apparacus

Regarding eleonical characteristics, i is usually ol some
importance that the losscs should be very small, hecause
many measurements are much simpli-

iblc to neglect
Characteristics them. In regardless-of-cost types, fused
of Condensers quartz is used for insulating supports 3
but the same arder of elliciency is

claimed for some of the recently-introduced ceramic
materials. In any case, the minimum. solid insulation
nechanically necessary should be used, and placed outside
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the most concentrated clectrostatic fields.  In the Marconi-
Ekco condenser the shunt resistance at 1 Mcfs is given
as 40 Mg. Sereening is generally adopied, for uxhough
it raises the suel at
least not dependent on the positions of nearh\ ob]ecis
The maving vancs are usually connected, with the screening
box, to the earthy " terminal.  As regards vane shape,
although fancy shapes—squate law, log, cic.—are used for
special purposcs, it is more usual for laboratory condensers
to be of the old-fashioned straight-line-capacitance type.

Although measurements made by “differences ” do not
take into account the minimum capacitance, there arc
other purposes—such as tuning a coil for R.F. resistance
measurements—ior which a low ninimum is desirable.
But a sereencd laboratory condenser giving a difference of
preferably 1,000 puF is not likely to have a minimum
nearly as low as ordinary (uning condensers ; so it is a
good thing to have at least one more condenser of smaller
capacitance. The author has found it very useful to have

a condenser in which the fixed vancs
i0l. Multi-range are divided electrically into two or
Variable more groups, so that the range of
Condensers capacitancc is variable. In the lowest

range, extra spacing or a smaller vane
smay be used to bring the variation down to perhaps 15 puF,
tor such measurements as of valve capacitances. Two un-
equal groups of fixed vancs can be arranged by supporting
them from opposite end-plates ; and this gives (hree ranges.
The unused group, if any, is shorted to the moving vanes.

A simpler construction, substituting insulating fixed-vane
supportingspindles, and one set of insulatingspacing washers,
canbeadoptedifthe somewhat higher losses can be tolerated.

The Sullivan condensers have now been made availdble
in multi-range patterns, even down to the least expensive
grades, and are strongly recommended (Fig. 62).

For some purposes a ey small variable is 1
say, 1 ppl maximum, Tt is not dil-hcult to make or
adapt one suitable for the purpose, and it can be cali~
braed (preferably in sitw) in torms of a known inductance
by the method given in Scc. 182.
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As it is mechanically impracticable to build continuously
variable condensers of large capacitance, the range must

be extended upwards by means of
102, Fixed fixed capacitors. Complete variation
Condensers up to, say, 1 pF, is obtainable by a

three-switch decade box and a vari-
able of 1,500 puF maximum (lo give a working overlap).
Such boxes, of first-class laboratory standard, are extremely
expensive.  Fortunately they arc not indispensable in a
radio laboralory. But it is, very useful to have a box
giving at least a good approximation to values up to
several microfarads. Even a hox of rough standards is
not so very cheap if ic is on the decade plan ; because
special swilches, progressively connccting the units in
parallel, are needed ; and a large number of units. A box
that can easily be made up, for giving a number of uscful
valucs, is one containing 0-001, 0:002, 0 005, a-01. 002,
005, 01, 02,
a-5, 1, and apl,
selected by a
tapping switch.

tages for faboratory
work
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In any case it must be remembered that the ordinary
moulded-in condensers used in broadcast receivers, even
though they may be of mica, are not to be relicd upon to
maintain their originally measured capacitance, nor even
to be particularly low-loss. Mica of good quality is
certainly an cxccllent material for solid-dielectric con-
densers, but it is not thc only factor. The rccently-
introduced condensers made by depositing metal on higl-
permittivity ccramic material are very much more con-
stant, and arc chcap. Most of the established condenser
manufacturers can supply types coming between the mass-
produced sort and the best laboratory grades. Sullivan
offer a range of high-permanence mica condensers at
quite moderate prices, so long as they are not required
to be accurately adjusted to specified values.  For moderate
laboratory requirements a power-factor of 1 per cent. is
bad ; o-2 per cent. is fair; and o-05 per cent.
Above 0-01 xF mica condensers are cosily, and good quality
paper types are usually substituted for ordinary putposes.

Last of the “ Big Three ” is inductance. Continuously
variable inducters, or inductometers, have not been very

much developed for use at radio
103. Standards  frequencies ; but for audio frequencies
of Inductance—  the Campbell inductometer, made
The Inductometer by the Cambridge Instrument Co., is

an instrument of great precision and
utility. As the inductance of R.F. coils is usually measured
at A.F., the Campbell inductometer need not be regarded
merely as an A.F. instrument, although it can be used only
at AF. Having tried many A.C. bridges using 1esistance
and capacitance standards, and found them fall short of
the ideal, the author was fortunate in procuring a Camphell
low-impurity inductometer, and found that it immediately
made all this work delightfully easy. He confesses to
having had something of an unreasoning prejudice against
inductomcters, having been under the erroneous impression
that the resistance losscs, being inevitably far from negligible
compared with those in good vaiiable condensers, made
matters very Such i howcver,
are calibrated in mutual inductance, and the resistances of
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the coils have only a very minor eflect on the result.  And
althougli the s¢lf inductance cannot he varicd over a large
ratio of valucs, the mutual inductance can be adjusted to
zeTo or even negative values, While the price of a
laboratory inductometer may seem high, the extracrdinary
usefulness and accuracy of this instrument must be con-
sidered, and that with it one may be able to do without
expensive capacitance standards. It i yery surprising
that cheaper types of inductometer, retaining the samc
advantages in somc degree, have not hecn put on the
market ; becausc the basic principle is simple enough.
In the Campbell instrument (Fig. 63) the primary consists
of a pair of fixed coils, with a small secondary coil swinging
between them in such a way as to increase the coupling
(0 both simultancously, from a small negative value up to
over 100 pH. The operating arm carries a pointer
swinging over a large scale which can be read to a fraction
of a uH. Fixed secondary coils, consisting of (en strands

ance measurement.
Note the clear, open
scale
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of wire, coupled 10 both primary coils arc brought out
to decade tapping switches extending the range by hundreds
and thousands np to 11,110 pH. There are other features,
for information on which the maker’s literature should be
comsulted, extending the range of measurement stll
farther, both upward and downward. Some idea of the
methods of use will be given a little later when bridges arce
considered (Secs. 119-20 and 1g8).

il iy
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of ane coil and M the maximum mutual berwsen one
pair of colls

The chiel difficulty in making an inductometer is the
arrangement for cosering a wide range of inductance.
But simple inductometers without

104. Making tappings, for approximatc mcasure-
Inductometers ments over a limited range, arc quite
easy. One method is to wind four

identical coils, two fixed, and two moving on an arm
pivoted midway, so that a 180° movement carries the coils
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from maximum coupling in one direction to maximum
in the other. The two coils in each connected pair are
wound in opposite rotation, which incidentally minimises
stray coupling to external coils. The coils can he con-
nected in various ways (Fig. 64) : (a) As a mutual inducto-
meter, with balanced centre-tapped primary and secondary
windings ; (#) Either or both pairs af coils in parallel for
lower range 3 (c) As a self inductance, all coils in serics ;
(d) Coils 1 parallel. If L is the inductance of any one
coil by itself, and M is the mutual inductance between
any two when they are closest, the respective ranges are—
(2) —2M to +2M; (b)) —3M to +IM; (o) 4 (L—M)
to'4 (L4+M): (d) L—M to L4-M. These are approxi-
mate, because they neglect coupling between coils that
are not adjacent; buf give some idea of the possible
ranges. M iy inevitably less than L, and, if adequatc
clcarances are lefi to prevent small unavoidable sideplay
causing large variations in the inductance, will be much
less.  So the ratio of max. to min. self inductance is much
worse than in a variable condenser.  Tlowever, a condenser
has nothing to compare with mmutual inductance, which
can be swung through zero to negative values. The effect
of mechanical imperfections on the calibration can be
very greatly reduced by providing four primary coils, one
on each side of each moving coil ; this arrangemcnt
produces a nearly uniform fictd between them, and small
axial displacements can take place without serious change
in the mutual inductance.
A number of separate fincd coils of known inductance
are useful in the laboratory, and as a set of them is probably
tequired for a wavemeter or oscillator
105.  Fixed of some sort it is a good thing to have
Inductances their inductances accuratcly measured
so that they serve as standards.
Obviously they should be made as mechanically rigid as
possible, and_preferably with the lowest practicable R.F.
resistance.  There are definite methods for designing coils
with low R.F. resistance, and these who care to study it
are referred to 8. Butterworth’s series of aiticles in Vol. 111
(1926) of The [Vrreless Engincer {then Experimental Wireless).
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One does not go very badly wrong to use single-layer
coils, wound with about 1-wire spacing, on formers having
o dianeter three times the winding length, up 10 a few
hundred pH; then multi-layer coils, so long as the
number of layers is ol too few, and that they are spaced
properly. Standard coils in which the inductance is
practically unaffected by temperature and age, made by
Sullivan, have been designed on a compensating principle
by W. II. F. Griffiths und deseribed by him in The Wireless
Engineer of Oclober, 1929, and June, 1934. ‘They are
marketed in two grades (Fig. 65), covering all requivements,
from the home experimenter to the N.P.L. Although the
accuracy of the second gradc is of the order of o1 per cent.,
the prices are only about 25s.

. W, Suttwan, Lid)
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My LF-

Fiz 66 Two methods of redueig the excerml fld of cals—(a) the sane
consning of b Adscent cols with opposis Tostion ind (5} th toroid. consing
v sotono e round e s drcle

“The external field of an ordinary open coil causes trouble

m some circumstances, and if it is impracticable to space

it far enough away, or orient it, to
106. Reducing  reduce undesitablé coupling suffi
the External Field ently, it may be advisable to obtain

the necessary inductance in the form
of two opposing coils—the astatic method—or to adopt
the toroidal form (Fig. 66). The toroid is awkward to
wind in a rigid form, and the resistance is relatively high,
but the absence of external field is very complete.  Astatic
coils obviously give less inductance than the sum of the
scparate coil inductances, so for a given total inductance
the resistance is higher the closer they are together ; and
the stray field is higher the farther they arc apart. The
exact required inductance can be conveniently abtained
by adjusting the separation.

it necd hardly be mcnuoned surely, that standard
inductances, fixed or ought o have no iron or

steel in thcn‘ construction, much less
107. Avoidance iron cores; for the permeability of
of Eddy Currents iron, and hence the inductance ol any

coil including it in ils magnetic field,
caries with amplitude and frequency of the current.  To
avoid eddy-current effects the very minimum ol any sort
of metal should be in the ficld of the coil.

The so-called litz wire, consisting of a number of
separately insulated strands can be used for reducing the
A.C. 1esistance of coils due to eddy currents, more especiatly
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at high audio and low radio frequencies ; but it must be
used both intelligently and carcfully, because improper
application or imperfect insulation and jointing may more
than throw away any of its advantages. It is also much
more subject to damage than solid wire of the same total
diameter.
‘I'he quantities quite ordinarily measured in a radio
Iaboratory caver an enormous range. 'Laking capacitance ;
there is 0-oa1 uuF at the one extreme
108. Extending  (the anode-grid capacitance of a R.F.
the Ranges of valve), and 100 uF at the other (a
Standards by-pass condenser for a valve biasing
resistor).  They enclose a range of a
hundred thousand million to one (101: 1). Resistance
is encountered over a rather wider range ; inductance
rather less. 'The idea of having to provide accurate
standards for direct coroparison covering all of these
cnormous ranges is alarming to contemplate.
That is where the bridge comes in, It is not practicable
to measure the diameter of the sun against a standard
yardstick with a pair of outside
109. Bridges— calipers, but by holding the yardstick
Their Purpose a litde distance away liom the eye,
the sun can be mcasured if one knows
the ratio of the distances from the eye (o the stick and fo
the sun. A bridge is, firstly, a convenient system for
comparing two clectrical quantitics with great precision,
and secondly a sort ot clectrical pantograph for introducing
a multiplying ratio into thc comparison. The simplest
bridge, the Wheatstone, is a symmetrical network of six
arms, one containing a source of curient such as a battery
or oscillator, and another a detector, such as a galvano-
meter or phones ; when the impedances of the remaining
four arc in proportion, no current flows zia the detector
avm. In Fig. 67, showing an ordinary Wheatstone bridge
circuil for D.C., balance is obtained, and the delection

of the galvanometer G is zero, when St which, of

2 1

course, is the same as RyRy = RyR,. Obviously il three

of these arc known. the remaining onc can be calculared.
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It is not even nceessary to know the actual values of three ;
the value of one and the ratio betwcen two is enough.
‘Thus, if it is merely known that R, and R, are equal,
balance is obtained when R; = R, This illustrates the
bridge as a means of comparing two resistances with
greater precision than could be donc in a more direct
fashion.  Suppose they are compared directly, by noting
the reading given on a meter in series with cach in turn ;
if the meter is a good one and has a very long scale it may
be just possible to detect a difference amounting to a
thousandth part of the deflection. But to get this it is
necessary for the supply voltage to remain constant within
still smaller limits, and for the deflection Lo be somewhere
near full-scale. Generally, one part in a hundred would
be a more likely accuracy of comparison. ‘Lhere is no
advantage in using a very sensitive meter, because it would
simply be driven off the scale. Whereas in the bridge
circuit it docs not matter exactly what the batiery voltage
is, nor need it be exactly steady ; and
the higher the semsitivity of the
meter the more precisely can the
comparison be ma There is
hardly any limit, Thisis the advan-
tage of the so-called null method.

Simple.

ot s of
bridge are based

Now suppose that Ry, the * unknown . is higher than
the standard, R,, can go 1o, L[ R, is made, say, 10 limes
R,, then R, at balance is 1o times R This illustrates
the second object of the bridge circuit ; to extend the range
of comparison bevond that of the standard. In AC.
bridges this extension applies not only to quantity but to
quality ; not only can 1,000uH be accurately compared
with toouH, but it can be compared with tooupF ot
1,000 ohms. Obviously all this makes it powible to cut
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down the number and variety of standards enormously.
To give an example of this, a commercial make of bridge
(the General Radio 650-A), in which everything, including
D.C. and A.C. sources, is contained in a box a good deal
smaller than a table radio set, covers v-001 ohm to 1
megohm, 14uF to 1004F, and 1uH to 100 IL  Standards
of equal accuracy, continuously variable between those
limits, would cost a small fortunc and require a large part
of the lahoratory to house.

The D.C. bridge of Fig. 67 is simple enough, but there
are a few practical points 1o be observed even about it.

Maximuin sensitivencss of halance is
110. Practical obtained when all four arms are
Points equal. The ncarer one can get to

this condition the better. If the
arms R and R; are in the ratio 10,000 to 1, the minimum
abservable deflection requires a much larger percentage
unbalance than if a 1 to 1 ratio is adopted. More than
that : the ratio itself is not likely to be known to great
accuracy when it is large, because extreme values of
resistance are not 5o accurate as medium values. Lurther-
more, a great advantage of a 1 1o 1 ratio is that errors may
be largely eliminated by reversing one pair of arms and
taking the average of the (wo readings. If the resistance
to be measured is very large, the sensitiveness of adjust-
ment can be improved by increasing the battery voltage,
but if R, and R, are quite low in resistance the resulting
current may overheat them. So it is better for R, and
R, to be the large resistances, so as to limit the current
in both paths. A variable resistance in series with the
battery is useful.

Although the detector G is not primarily intended as a
measuring instrument, but merely to show the presence ot
absence of current, it is in practice used to make up for the
customary absence of a continuously variable resistance
standard. Having found, for example, that with R, = 527
ohms the galvanometer reads 3 divisions to the left and
with 528 it reads 2 to the right, one can sce that the resis-
tance for exact balance would he 5276 ohws.

Until halance is approached it is essential for the well-
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being of G to shunt it down heavily, or teduce B3, or both.
‘T'his is where the author’s metal rectifier scheme (sce Sec.
57) comes in uscful, because it prevents disaster if one of
the resistances is accidentally open-circuited when G is
delicately adjusted to balance. 1t is usual to have keys
in the B and G circuits, and by tapping the G key in time
with the natural swing period of the pointer of G, a smaller
curtent can be detected than if it is kept stcady. 'Lhe
B key must he closed before the G key, because if any of the
resistances is reactive, as for example when the resistance
of a transformer or loud speaker coil is being measured,
the different impedance of such an arm to a current that is
varying causes a momentary detector current even when
the bridge is perfectly balanced for steady currents.

Which is the obvious cue to go on to A.C. bridges, a
vastly more complex subject. Readers who may want to

know a good deal more about it

I. A.C. Bridges than there is room for here should

refer  to Hague's A.C. Bridge
Methods. A smaller but useful and practical book is
A Measurements by David Owen. There iy also
a useful section on bridges in Ternan’s Measurements
in.Radio Engineering. The rcason why it may be wise
10 look up a detailed treatment of the subject is that there
are many more bridges than can be deseribed here, and
one of them 1may most nearly fit in with requitements and
availables apparatus. Tt is proposed here to describe
certain types that experience has shown to be most
generally useful.

If R, —R, are purc resistances (i.c., fice from reactance)
there is no reason why A.C. should not be used instead of
D.C. In fact, if the [requency is about 1,000 cfs, the
detector can be a pair of phones, which is more sensitive,
robust, and cheap than a galvanometer. But the resis-
tance measured is the resistance to A.C. at the frequency of
the source, which may not be the same as the Z.F. resis-
tance. However, it is often desirahle to know the A.
resistance.

Next, suppose the arms are all occupied by condensers
or by inductors. The same law for balance applies to
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their reactances ; but it is necessary fo1 them all cither to
be pure reactances, or to have the same power factors or
ratios of resistances to impedance ;
112. Necessity  otherwise the unbalanced resistances
for Simultaneous obscure the reactance balance. In
Rand X Balances practice it is highly unlikely that
fomr reactive arms wounld balance
for reactance and 1csistances simultaneously, unless special
provision is made for adjusting these quantities inde-
pendently. In certain types of bridge, more especially
those i self ind e, these adj are not
mdependcnt, and one may work away at them, first one
and then the other, for a considcrable while before
reaching a balance. Capacitance arms are generally
better, because a good condenser is a [uir approximation
to a pure reactance. The advantage of mutual induc-
tance, as distinct [rom sell’ inductance, is that it can be
injected into an arm as a pxactlcallv pure reactance, and
at audio frequencics it has the advantage over a
of being a relatively low impedance, more in kecping
with resistance arms of such values as can be accurately
and non-reactively constructed.
An essential part of the great majority of useful bridges
is w pair of ratic arms. They may conveniently he
controlled by swilches, of the low-
113. Ratio Arms contact-resistance type uscd for decade
boxes, to give values of 1, 10, 100,
1,000, and 10,000 ohms. More Important even than getting
these values correct is the accuracy of ratio. And as the
most accurate measurcments are those made with equal
ratio axms, it is especially important that corresponding
resistances on each side should be equal. Fortunately it is
possible to check equality by getting a balance with a pair of
equal impedances—preferably of approximately the same
values as the ratio arms—in the other two arms, and then
reversing one pair of arms. “T'he ratio arms should also be as
symmetrical as possible—to equalise any stray rcactances—
and enclosed in screened boxes, as indicated in Fig. 68.
If preferred, the resistances can be multiples of 10, one end
of every one heing connccted to the centre terminal.  Ifan
148

STANDARDS OF COMPARISON

accurate resistance hox is possessed or can be botrowed, it is
not a difficult matter ta make a ratio arm box, using a pair
of equal resistances to form a temporary bridge circuit for
coniparison with the standard. Now, with a source and
detector (which will be considered shortly), any single
unknown quantity can be compared with a standard of the
same sort. At least one decade resistance box is almost
indispensable in cven a small laboratory, and assuming
it to be variable up to 11,110 in steps of 1 ohm, onc has
right away a bridge for measurement of D.C. or A.C.
resistances from about o-0001 ohm to 100 megohms. In
practice it will be found that the cxtreme values are not
measurable, at any 1ate to reasonable accuracy, because of
connection resistances and insuflicient detector sensitive-
ness. In any case, the range over which the decade box
gives adjustment to four figures does not go below o-1 ohm.
With A.C. residual reactances introduce further difficulties.
If it is merely a question of getting a sharp balance
adjustment, any inequality of residual
1eactance can  be neutralised by
shunting & variable condenser across
one or other of the arms, as may
. be required.
The range of measurcment of inductance and capaci-

114, Avoi
Stray Reactances

Fig. 68 . Diagram of a pair of switched ratio arme for A.C. bridges
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tance does not effectively extend so lar above and below
the limits between which the standard can be varied as in
the case of D.C. resistances. Directly unity ratio is
departed from in an A.C. bridge the accuracy and ease of
handling fall off, and unless suitable precautions are taken
they may fall off very seriously. Even when working with
equal ratio arms it is necessary to lake reasonable steps (o
avoid stray capacitance and inductance, ar at least to
ensure thel the strays are equal.  Capacitance to carth of
the source does nol allect the balance, so long as it is
earthed. The same is true of the detector, but it is not
possible to carth both simultaneously, and as the detector
usually consists of phones and is therefore subject to
fMluctuating capacilance effects it is the more in need of
carthing. The other diagonal arm, the source in this
case, must then be syminctrical with respect to earth,
which is achieved by connecting it through a special
balanced and screened transformer. Such transformers
ate purchasable, and should be chosen of such a ratio
as to match the impedance of the source to that which thé
bridge is intended to measure with best accuracy. For
example, it may well be 10 o 100 chms for low and medium
inductance measurements, 1,000 ohms as an average for
1esistance, and 10,000 ohms or more for capacitance. The
detector, similarly, is most sensitive when it is matched.
1Lis possible (o make a suitable transformer by interposing
an earthed screen—a piece of copper sheet with an
insulating lining to prevent it fiom forming a short-
circuited turn—between primary and secondary, and
winding (he secondary (which is connected (o the bridge)
in halves side by side and symmetrically with reference
to the screen.  The usual transformer coil, with an inner
and an outer end, is obviously unbalanced with respect
1w earth.
Coming now to the soutce itsell; this may be a fixed or
variable frequency oscillator. Although a variable fre-
quency is necesary for some pur-
115. A.C.Sources poses, a fixed frequency is sullicicnt
for the majority of measurements, and
1,000 ¢fs is a common choice. In caleulations it is w, equal
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to 27/, that is usually required ; and if the frequency is
ncarly 8o ¢fs (actually 796) w works out at 5,000, which
iy a more convenient figurc than 6,283, Bither is easily
audible in phones, but if 50 c/s is used (as may be necessary
1o measute large inductances without
being overmuch troubled by self-
capacitance) phones are almost use-
less. A vibration galvanometer (Sec. 64) is the officially
approved detector at low frequencics, but is an expensive
instrument for occasional use. An amplifier with metal
tectifier voltmeter gives uniform response at all frequencics
and is favoured for industrial use, where quiet lListening
cannot be guaranteed, but, unlike the vibration galvano.
meter, is unable to discriminate against harmonics. The
“ Magic Eye” tuning indicator is a partieularly uscful
detector of cither alternating or Z.F. voltages, and has
come into common usc in portable bridges. In certain
types of bridge, such as those containing inductance and
capacitance in opposite arms, the balance depends on
frequency, and is conscquently obscured by the presence of
harmonics from the source.  With a little practice one can
ignore (hese in phone tests, if the fundamental frequency is
not too low,

As it is risky to put much power inte a bridge from the
source, a very valuable accessory is an amplifier for
inereasing the sensitiveness of balance.
Fig. 6g is the circuit of such an
amplifier, built into a metal box for
screening.  The object of using a
scteen-grid valve in the first stage is to obviate * Miller
effect ~, which would cause the input capacitance and
conductance 1o be relatively large ; while this may not be
particularly important for bridge purposes, the amplifier is
not restricted to such use, and as a further convenience the
terminal A is provided so that the first stage can be converted
to an oscillating detector.  Only a small output is provided
for, as the possibility of a large amount of power in the phones
or other detector is definitcly undesirable. The output
from the source should be contiollable, because when the
bridge is considerably unbalanced the amplificr may be
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overloaded and fail to indicate whether dd]uslmen[ is
approaching balance or departing from it. The sockets
85 are for plugging in tuned couplings when it is intended
to work on any one frequency ; they aie effective for cutting
down harmonics and extrancous noise. Such couplings
must, of course, be screened.

The apparatus so far described can be connected as
shown in Tig. 70 as a gencral-purpose bridge. P and O
are the ratio arms; R the decade
resistance box. For plain resistance
measurement the switch is put over
towards X, the terminals S shorted,
and the unknown cannceted 1o the X terminals. For
capacitance measurements, the standard condenser is

118, A General-
purpose Bridge

30-00 v
ooesma  oima 005 mo! 2%
[rer
01y L0 10 I_ -
(T L OUTPUT

=5
n.
o &

i
— 50 5/s TUNED
104 o 00UPLINGa

Fig 69 -

Uit diagram of smplifier, mainly for use In comunceion wich bridges
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connected (o 8, the un-
known to X, and the
switch towards which-
ever condenser has the
greater resistance—
probably X. Ris then
used to balance the re-
sistances. Such a Inidge
must be used with
caution at ratios other
than unity, because the
oscillator transtormer is
then not balanced in the
right ratin. To get
over this diffieulty lhc
* Wagner carth™ s
sometimes used, tor in-
. lormation on which the
i Chrarman et O Caenes st B¢ larger works should e
consulted.
Although this type of bridge can be used for comparing
self inductances, it is far lrom satislactory for the puipose,
because of the difficulty of ﬂndmg
119. An Inducto- balance. The ideal instiwment is the
meter Bridge inductometer, which is connected as
shown diagrammatically in Fig. 71.
P and Q are the tatio arms as before ; the unknown
impedance is connected at X and its resistance balanced by
a standard resistance at R. ‘T'he reactance is balanced by
the mutual indoctance inttoduced by the coils of the
inductometer ; and as this may be positive or negative,
either inductance or capacitance reactances cam  he
measured. In the Camphell inductometer a slide wire SWis
included to give continuous adjustment of resistance to theex-
tent of rather more than ane ohm, so that R need not be
dinsmallersteps. Toextend the rangce ol thisinstrument
provision i1s made for two other ratios, and to take advantage
of thesc the ratio arms should include the vatues 10, go and
990 ohms. At the same time the slide wire is out of action
and a continuously variable resistance at R is necessary.
r* 153




RADIO LABORATORY HANDBOOK STANDARDS OF COMPARISON

Tig. 72 shows the layout of a bridge system which the
author has designed around the Campbell Low-Impurity
Inductometer, and which is not only

120. A Universal as ncarly universal as can well be
Bridge imagined, but over most of this wide
range is not excelled by specialised

bridges. It can be seen on the wall in Fig. 1.

50 o/s wAINS
maine

Gecriaton

[BEAT-FRzquENGY
oseILLATOR

w0 c/e

. . 000 .
Tt is intended primarily to work at 227 ¢/s, derived from |

The rate
iagram ses

souroE
conTHOL
(243

a fixed frequency source consisting of a dynatron oscillator
with a triode output stage and simple filter to improve
purity of waveform (see Sec. $8) ; hut a beat-frequency
oscillator or even the 5o-cycle mains supply can be con-
nected when required; or a battery for Z.F. measure- p
ments.  Apart from vesistance mcasurement ; inductance
is measurable from a fraction of 1zH up to the largest
iron-core inductances encountered, if necessary with 13.C.
owing—a  measure-
ment that cannot be so
satisfactorily performed
by any other type of
bridge; and the capaci-
tance range goes [rom

foureur

Far circurt di

O P
sHonEs
o
woun Sheaxen
Fig 72 Layout of the author’s bridge syscem wall-mounted.
v for resistance boxes chs

arm box rests on 3 shell, which also 5

AMPLIFIER
3131307

7t

BaTTERIES

Fiz 73, and also Fig |

the largest electrolytic {
condensers made. With |
all these reactances, the
A.C, resistance is also
given. Iig. 73 shows

fceded 1n cither or both +f the remaining arms

the eonnections of the
bridge netwosk  iwelf,
which is arranged 1o
71 An tnducte. JOTTR & sotl of

mecer bridge circurs for platformy,  sup-
measirement or com.
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@n be used for capacit-
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Compared with Fig 70, i
Smphied Symbols fsf lower resistance

source and detercor are arm, at its cnds.
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Terminals are provided for connecting anything in parallel
with these arms, as is necessary in certain measurenients.

‘The middle portion contains the screened transformer
supplying the A.C. detector-amplifier, a switch to change
over (o a galvanometer for D.C., and a switch (BGH) to
rearrange the lower junetion (o convert from an inducto-
meter bridge (Fig. 71) the general-purpose bridge

.
I e e o
sl

INDUCTOMETER

5,73 Citcurt diagram of che bridge included m Fig 72 According to the nature
Tt s e o i eomheine v veeminal X, or e and i vormonls
Sre provided for Connecung resmtance bowes 1 parailel, The inguceomerer may be
replaced by 3 resistance box  The scroened and balanced transformer in che centre 1s

%o enable an earthed amphifier to be connecred across the unearthed disganal
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{Fig. 70). For the former, the switch isset to B; for
the latter a decade resistance box is substituted for the
inductometer at the GH terwninals, and according to
the switch position is placed in series with the unknown for
difference measurements or on_the opposite side for
comparison measurements. A diagram of the amplifier
has alteady been given (Fig. 69), and the ratio atm box
is similar to Fig, 68 hut wilh values of 10, 9o, 100, 990,
1,000, and 10,000 ohms. Tt is cssential 10 use screened
(lead-covered) leads where shown, both to prevent
undesirable stray couplings, and to prevent hum being
picked up by the amplifier. A Campbell frequency
bridge is conveniently assaciated with the systeru for
measuring the requency of the source, but s rather of the
nature of a Juxury. Details of some of the methods
available with this bridge, and particularly those for large
inductances and iron-core coils with D.C., are given in
Chapter 8.
‘The inductometer is unlottunately rather costly, and
when It is not available the most usual form of hridge
makes use of a capacitance standard,
121. Maxwell and which can be made to balance agajnst
Owen Bridges an indnetance in the opposite arm,
as in Maxwell's bridge (Fig. 7).
Another Inidge with capacitance and resistance stan(lmds
is Owen’s (Tig. 75).
11 is possible to cover
4 wide range of hoth
nductance and capa-
citance with a com-
pact and inexpensive
sell-contained  system,
but, in general, such
bridges are  rather

Fig. 74 - Theoretical diagram of Maxwell
brdge for comparing nductance  and

ertain precavuons are necessary for
practleal uccess
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~ Fig. 75: The Owen bridge is

mare convenient than the Max-

well for inductance measurement
ith 3 fixed condenser

troublesome Lo adjust
to  halance, because
include two or
more  inter-dependent
varialle adjustments.
Oue method of avoiding
this disadvantage is to gang
the resistance arm controls,
as is done by the Baldwin
Instrument Co., of Dartford,
who specialise in compact
sell-contained bridges (Fig. 76). Another way is to use
a varlable condenser arm as the standard ; the only
disadvantage is that because the capacitance is gencrally
limited to about 1,000 uuF the cifect of stray capacitances
is liable to be felt, more especially as a fairly high ratia is
necessary for some measurements.  Nevertheless, a variable

condenser standard can be used successfully, cither by
being content with mederate accuracy or by taking special
precautions against stray errors.

ment Co., Ltd

STANDARDS OF COMPARISON

122. A Simple
Practical
Maxwell Bridge

7 shows the circuit of a bridge
suitable Tor home o laboratory con-
struction, for measuring capacitance
from 50 ppF to 1 pF and inductance

from 10 pIl 0 o1 H. Actually,

inucTaNGE foapacITY swiToH

prasing
© pebiitaNGEs

BuzzER

A wide.range
7 suvuble “Tor home
construction. The smaller
Smgrams show the met
works used for capaciance
andinductance respectively
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different networks are used for C and L, as shown in the
subsidiary diagrams where switching is omitted for clarity,
A variable condenser is used as the standard, and it should
therefote be of as good quality as possible. As its screening

case is joined to one side of the source, the other side of

which is carthed, its stray capacitance to earth comes across
the source and in moderation is harmless. Also the
unknown can be measured with onc side earthed, which
is a great convenience in e ol a
receiver or other assembly without dxs(‘nune(‘lmg eaclt
item. It is important that the capacitance of the phasing
resistors across the variable condenser should be negligible
as otherwise of cowse the calibration of the condenser is
upset. The inductance of the resistors in series in the
X arm, il appreciable, can of course be allowed for by a
preliminary test with the X terminals shorted. A
buzzer source is shown, because it lends itself to seli-
contained construction and, as balance in this bridge
is independent of ficquency, it is allowable ; but the
silence of a valve or ncon tube oscillator is a favourablc
point.

An inexpensive capacitance bridge by Sullivan, also
cmploying a_buzzer (Fig. 78) is unusual and ingenious
in that variable ratio arms are composed of a ganged
pait ol (threntm] air condcnscrs For details, sce
Wireless Finganeer, . The range covered is
50 ppk Lo 5 pF in two tanges: the bridge is sell-
contained and very convenient to nse ; and the price
is £6 10s.

Measurement at 50 ¢fs has the advantage that a very
adequate oscillator is maintained continuously by the

electricity supply authority, and the
123. Mains- influence of siray capacitances is much
frequency Bridges less than at 800 or 1,000 cfs, also

resislances measured al such a low
{requency arc ofien near cnough (o the Z.F. values to be
substituted for them ; but unfortunatcly the impedance
of radio coil inductances is too low to be easily weasnrable,
I inductance measurements are excluded, a very mseful
mains-driven biidge [or capacitance and resistance can be

160
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made as suggested by Fig. 79. The calibrated clement is
a wire-wound potentiometer formmg the 1atio arms, and,
counting only between the ratios of 10:1 and 1: 10,
measurcments of capacitance fiom 10 ppF to 10 pI' and
ol resistance from 1o Q to 10 M@ are covered. A variable
resistance i provided in serics with the highest capacitance
because il the condenser being measured has a lage low
tactor it is difficult to get a balance otherwise. The
setting ol this resistor gives the percentage power factor.
The detector is a cathode-ray tuning indicator, and as the
cathode is fairly  carthy *, and the ratio arms are con-
veniently of low impedance, the  unknown > cannot be
earthed.  But if the carthy side is connected to source the
impedance ta earth is low and stray capacitance generally
inoffensive.  The scale al the top of this Fig. 79 shows

Fig. 78 A seli.con

ined direes reading
ance

Seaied from 5B
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Fig.79 1 Disgram with values of 3 sef-contalned maine-driven resistance and capacitance
bridze employing 3 * magic eve v a5 amplfir-detector. For constructional decals nd
pictures refer 0 Appendix, p 384, cale, assuming 2 uniform

redistance stemant, 1 shown above
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how a linear potentiometer calibration appears ; the scale
reading is multiplied by the value of resistance or
capacitance (o which the range switch is set, PBridges of
this type, mainly for service engineers, are listed by a number
of makers.

Although the last few examples of bridges cannat he
described as precision types, the accuracy being of the
otder of 1 1o § per cent., they are often quite good enough
for practical purposes and give the answer before more
claborate instruments can be Lrought into action. Clon-
structional information on them is contained in the
Appendix (p. 384).

A marketed instrument which, though extreme accuracy
throughout its wide ranges is not claimed, is of a 1ather

morc advanced and at the same time
124. A Laboratory eminently pracncal design, is the
Universal Bridge Marconi-Lkeo TF.373. It covers

D.C. resistance [rom 005 Q to 1 M@,
inductance from 5 uH to 100 H, capacitance from 5 puF
to 100 pF, and loss factor of both coils and condensers
is directly readable.  D.C. and A.C. soutces, amplifier, and
D.C. and A.C.. detectors (hoth meters) are included in the
price of £55.

There are many specialised precision bridges offered by
the well-known instrument makers, but description of them
is outside the scope of this baok.

Bridges in which the balance is independent of the

[ E—

Fig. 80 ,

imple cryscal oscillacor for frequency checking
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Irequency of the source (except in so far as the constants
the arms vary with [requency) arc
125. Influence of generally prelerable, hecause bad
Source Frequency wavcform of the source docs not
greatly matter, and in fact buzzers
or neon-tube oscillators can be used. Those Dridges in
which balance is obtainable at only one frequency require
a very pure soutee, cspecially il the indicator is a valve
o meul rectifier \,o]lmctcx \\nh pmcuce the ear can
te between and | s, but is
never so sensitive in such conditions.  What is a draw back
for general purposes forms the essential principle of special
classcs of bridge, such as those for frequency measurement.
Freguency-discriminating bridges are also used as filters
for_ suppressing one particular frequency very completely,
as in the measurement of distortion (see Sec. 232).  Other
specialised types of bridge are devised for measuring valve
chamctcnsucs and will he referred 1o in that ¢ onnection
(Sec. 2
The Cdﬂl])])r‘l fiequency Dbridge includes a variable
mutnal inductance, constucted on the lines of the
inductometer already described.  The
126. Frequency Cencral Radio instrument employs
Bridges the Wien bridge containing only
and Meters resistances and capacitances. The chiel’
disadvantage of a frequenéy bridge is
that there is no onc detector capable of covering the full
audio fiequency range with adequatc sensitivity, and of
rejecting the harmonics that are more than likely to be
present, It has the advantage of being dircct-reading ;
but can be dispensed with by having a variable-frequency
oscillator (a more generally usclul possession) as a
comparison  souice, calibrated from some standard.
Direct-reading frequency meters are sometimes constructed
on the principle of applying the signal, whose frequency
is to be measured, in push-pull to the biased-back grids
of two valves, which are thercby made alternately con-
ducting and caused to charge and discharge a condenser
unidirectionally through a milliammete the current
reading is proportional 1o the frequency. An example of
164
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this system is described by Guainaschelli and Vecchiacchi
in the Proc. LR.E., April, 1931, and the general idea can
be gathered from the circuit diagram Fig. 81. The range
of [requency covered is 20 1o 10,000 cfs,

Fig. Bl : The principle
of an electronic. fre-

nPuT

Fead trequency diveccly

Oscillators have already heen considered in Chapter 4,
and any of these, if calibrated, can he regarded as a
standard of frequency, provided that

127. Standard it is designed to retain its calibration
Frequency accurately. The beat-frequency oscil-
Oscillators lator, unless very elaborately devised,

does not do this ; but il by means of
the trimmer condenser in parallel with one of the oscillator
tuned circuits the scale is brought correct at any one point
Ly camparison with a single standard frequency, the scale
as a whole is unlikely 1o depart seriously from calibration.
In the radio trcquenq tange, a signal generator is
gencrally designed to hold its [requency calibration and
therefore to serve for measuring frequency, in addition to
its primary [unction as a signal source. Wavemeters,
formerly much used for measuring wavelength or frequency,
are therefore almost superseded, except in work where the
necessity for the utmost accuracy and peimanence of
calibration justifies setting aside costly apparatus for this
purpose alone. The finest examples of wavemeter design
and consttuction are those by H. W. Sullivan Ltd.  Even
165
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in the bigh-precision field there is a tendency for the
conunuously-cahbrated types of wavemeter tn give place
to blies arranged for com-
paring any l‘requcncy with a single standard such as a
crysial oscillator, on which all the precautions for ensuring
constancy of frequency are concentrated, and which is
thercfore capable of accuracy within one part in a million
or even hetter.

For morc modest standards cven the sitplest crystal
oscillator cnables wavemeters, signal generalors, etc., to
be checked with a high order of accuracy ; and one can
bhe quite coufident that the {requency will remain constant
to within closer limits than can he obscrved on a wave-
meter scale, regardless of coupling to external citcuils.
This is particularly valuable in the reactance-variation
methods of measuring tuned cireuit resistance.  Fig. 8o
shows the simplest circuit, in which the anode circuit is
tuned to the fundamental frequency of the crystal.  To-
gether with other circuit values, it is adjusted to cause
reliable oscillation ; and generally emits cnough harmonics
to provide checks over a wide frequency band.  The it
can be made much more uscful by adding a stage of ampli-
fication, preferably nsing a screen-grid valve, and adjusting
its bias and/or scrcen valtages 1o provide numerous strong
harmonics.  The details of the design can easily he
adapled to suit requircments and available componcnts.

Although a heicrodyne oscillator is practically essential
in the laboratory, there are some purposes better served by
the much simpler absorption waxe-

128. The meter, consisting merely of a tuned
Absorption circuit, sometimes with the addition
Wavemeter of some form of detector—lamp,

thermocouple, or neon tuhe — to
indicate rcsonance.

As one of the desirable features of an absorption wave-
meter is sharpness of resonance, most such detectors are
undesirable ; but a small neon tube is useful for trans-
mitters and power oscillators, if the coupling is reduced
to the point where only a slight glow is just maintained
at exact resonance.  The most usual method of detecting
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agrecement between an absorption wavemeter and an
oscillator of any power is to note the slight kick given to
the pointer of a milliammeter connected to show anode
current to the oscillator.  Besides its simplicity and
absence of feeding requircments, advantages of the
absorption wavemcter are that there are fewer factors to
upset the calibration ; there is no wondering whether or
not it has stopped oscillating ; indication Is usually a
simpler matter ; and it has no harmonics to cause confusion
or uncertainty. It is particularly useful for the higher
frequencies, more especially ultra-high frequencics, at which
it is difficult to “ find the place ** quickly with the hetcro-
dync wavemeter when the frequency of the oscillator to
be checked is quite unknown.

Apart from the ebvious requirements that the coil or
coils and variable condenser should be constant and
reliable and also loss-free, there is not much to be said
about the design. To keep the operator’s hands well out
of the field of both wavemecter and ““ unknown ™ circuit
it is usual for the condenser and coil to be mounted at the
end of a stick a foot or more long, with an extension
control. At frequencies of hundreds of Mc/s (decimeire
wavelengths) the absorption wavemeter is the only practical
type available, and consists of a tiny condenser with a
little loop of wire connecting the terminals. Fig. 82 shows
an example of this rigged up in a few moments, hut
adequate for rough compatisans ; and also one covering
all frequencies from 2 to 100 Mc/s with 4 coils.

Wavelength and frequency are lundamentally quitc
different quantitics, as different as the length of a journey

and the umc spent on it; they are
129. Wavel h only i able on.the assump-
and Frequency uon that the speed of travel is the

same in each case, While this is not
even approximately true [or journeys in general, it is true
for electric waves in free space, and so a standad 01
wavelength is also a standard of frequency, and vice versa ;
cither is calculable by dividing 300,000,000 by the othcr,
assuming wavelength to be in metres and frequency in
cycles per sccond. But the asswunption “in free space
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must not be entircly overlooked ; in certain practical
cases, to he referred te later, it does not cxactly hold.
Frequency is a more important quantity than wavelength
in nearly all clectrical communication work, and although
the fundamental standard of frequency is the very low
figure of one cycle per year, observed astronomicaily, by
successive mulfiplying devices it is used for measuring
frequencies of many millions of cycles per sccond. The
tendency, then, is 10 oust the term wavelength ; but it is
rather difficult to do so altogether at (he very high
frequencies—hundreds of Me/s—because then it appears
as a directly observed quantity, which is constantly having
to be actually measured, for such things as aerials and
feeders. Tt also becomes easier to calibrate in wavelength
than in frequeney. Bul there seems to be no cxcuse for
retaining wavelengths as the primary quantity over the
ordinary broadcasting bands, which mest be divided up
according to frequency in order to allow for sidebands.
Beginning with audible frequencics, a very accurate
1,000 ¢fs standard is availuble to all within range of the

Fig 62 Simple sbsorption wevemeser and coile : the larger covers 2 t0 100 Me's
che smaller is for quick checking of decimetre waves
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F G 1 J
63 . Examples of cachode ray

figares ‘whereby [requencies can
be compared with great precision

Y]

130. Calibration
of A.F. Oscillators

N.P.L. station 5HW.
Particulars are given in
See. gio.

A “more  generally
available standard,

cotrect over . period
of hours 1o \ery high
‘328 accuracy indeed (he-
cause adjusted by com-

parison with Green-
wicli time) is time-conuolled 50 ¢/s A, (. mains. 1tisliable
to fluctuate slightly fiom this average, but not often mote
than about 0-1 per cent.

Given a single accurately-known frequency, it i passible
to fix a whole series of points on the scale of an oscillator.
By far the best way of doing this is with the cathode-ray
tube. The source of the known frequency is applicd to
one pair of deficetion plates and the signal to be calibrated
to the other. Lither separately produces a straight line
on the screen, al right angles to the other (Fig. 83, A and Bj.
Both together give a diagonal straight live (C), if they
are in phase, and of the same waveform ; a circle (D) il
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they are equal in magnitude and go° oul of phasc, or an
cllipse (T} if they are unequal ; and an inclined distortion
of an ellipse (E and J) at intermediate phase angles. 1T
the frequency of one is very slightly less or more than
the other, the pattern is seen to pass through these forms
continuously.

If now the [requency of the signal producing the vertical
deflection is twice that of the other, the patterns assume
forms such as K-M ; il three times, as N-P; and so on.
The number of loops meeting a horizontal tangent in-
dicates the order of multiple, but it should be noted that
il the loops are superimposed, as at L, O, R, the count
would be wrong ; it is necessary for it to be done when
they are spaced out, as at E, K, N, Q. Simple fractional
ratios can be distinguished by counting the loops meeting
tangential lines drawn both vertically and horizontally, as
3/2in Q. When the number of loops along either cdge of

the pattern is large, it may not be
131. Alternative possible to distinguish them clearly ;
Cathode-ray and a better method is to connect the
Method lower frequency signal lo both pairs

of plates across a phase-splitting
eircuit, as in Fig. 84. The reactance of C at that frequency
should be equal to R ohms to produce a circle ; for 50 c/s
they might be 01 uF and 30,000 ohms respectively.  The
other signal is then connected in series with the anodc
supply to produce a toothed wheel pattern, as at A*. 17
F is the higher frequency, [ the lower, and N the number
of teeth, then of course f = F/N. For instance, in checking
the 5o-cycle mains frequency by the N.P.L. r,000-cycle
signal, a zo-tooth wheel would appear and remain
stationary if the mains were correct by the N.P.L. Bu
if the frequencies depart slightly from an integral ratio,
the wheel appears to rotate. Denote the time in seconds
for onc complete revolution by T; then f = F/N 4 i/T.
Suppose it takes one second for the wheel to move one
tooth’s hreadih, then-in the example considered T would

410 the avalable signal voltage s insufficient to show eeth, it may be connected
to the gnd mstead. and the bias adjusted to give a dotted line eﬂ’ :ct.  But one musi
bewurc of possible ambiguity with fractional frequeney ratios— 3 and 1} times
e low froquency way give dmilar pictures.
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be 20 and the mains frequency would be 50--0-05 cfs.
Whether it is plus or minus is revealed by the latter part
of the N.P.L. test ; a slowing down of the rolation denotes
minus, and vice versa,

A simple fractional ratio is distinguishable by this

13

method 100, as shown in ig, 84 B, whete the ratio is .-

— 1
b il |
l: L
| L
R c
~ o Lo~
\ o Low
FREQUENGY  FREQUENOY

2.84 : Cireurt for comparing frequencies celatzd by
\arler ratio than 1 easy 1o distingulsh from the figures
of Fig, 8. The rauo 1 found by counting the * cecth

4% figure A o haf he hurvber of logps I Reure B.
Intarmediate ratios are determined by speeds of rotation

With a known 50 /s only, it is possible to calibrate an
oscillator at fractions of this frequency—a5, 16%, 124, etc.—
and multiples—t00, 150, 200, etc. As about twenty tecth
can readily be distinguished for cach centimetre circle
diameter, the whole audio frequency band can be included
with 2 tube of moderate siz but unless the frequencies
are phenomenally steady at the exact multiple, or the
pattern is photographed, the only way of counting the

highest numbers is (o increase the fre-

132, Use of quency very gradually from some
Auxiliary casily couniable number and note
Oscillator every timc the pattern “ pulls i ”.

Even this requires some care, and
amore reliable method s to have an auxiliary oscillator
17
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tuned to, say, 1,000 cfs by the 50 cfs; and then use this
to form the circular base for the higher frequencies.  An-
other advantage is lhat many new points are obtainable ;
from 1,000 ¢/s—3354, 1662, 142¢, 1114, and so on. Then
the auniliary oscillator can be shifted up another 50 cfs
by the standard, and still another scries obtained. Thcrc
is no limit except patience to the number of points that
can he derived from onc fixed standard [requency for
drawing a curve and so obtaining a continuous calibration.
Incidentally, this method of auxiliary oscillator and
cathode-ray tube is very helpful for using a frequency
bridge beyond the limits of its range, or the probably
narrower limits within which the ordinarily available
detector (ie., phones) is effective.
Working by ear is much Jess satisfactory ; it is casy
enough to synchronise (wo oscillations when they are
nearly equal, by reducing the fre-
133, The Piano quency of the slow beats to zero, but
as a Standard 2 certain amount of musical skill is
of Frequency necessary in order to proceed further.
One may run up or down the musical
scale from the known frequeney, filling in the frequencies
from the purticulars given in the table in Scc. 309.  Having
reached an octave, an auxiliary oscillator is desirable for
using it as a fiesh starling point. If no more reliable
standard is available, an ordinary piano is of some use,
but comparison is not as easy as might be stpposed,
especially at the lowest frequencics, because harmonics arc
stronger than the fundamental. Pianos arc wsually tuned
to 2 1ather diflerent pitch from the physicist’s tuning fork ;
and as the correct version is seldom given il appears heie

FREQUENDY

Fig 65 : Puno scale showiag the frequencies o which the keys are tuned  The usually-
published scales based on C—256, are misleading, Frequencies of black keys can be
beaned by multiplying the frequency of the white key below It by 1,059
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as Fig. 85. Only the white keys are numbered ; but the
frequencies of the black keys can be got by interpolation.
It is possible to use a standard audio frequency, such
as that broadcast by the N.P.L., [or accurate radio fre-
quency calibrations ; and in fact
134. Comparison thatis just what is done in the refined
of Radio apparatus previously mentioned. A
Frequencies multivibrator—an oscillator consisting
with Standards  of two resistance-coupled amplifying
stages connected in cascade with onc
another —is synchronised with the known Irequency, and
produces such an enormous number ol detectable har-
mouics that it cstablishes a series of known points tight
up inte quite high radio lrequencics. The range can be
extended still farther by reprating the process with another
multivibrator working at a higher fundamental frequency.
The apparatus is too elaborate lor any except those to
whom the highest accuracy is essential, such as important
fiansmitting stations, and those who arc responsible for
checking (heir frequency. Fortunately this checking is
now done so thoroughly that all reputable broadcasting
stations maintain the [requency of their carrier waves
within very close limits—a few cycles per sccond.  There
is (herefore no shortage of standard radio frequencies.
The method of using any one or morc of these to fix an
unlimited nunfher of other known points on the frequency
seale of an oscillator or wavemeter is similar to that already
described for audio frequencies. A cathode-ray (ube may
he used for compzrison of frequencies having a simple
ratio to one another, in exactly the same way ; but it is
wimecessary, hecause the heterodyne beat notes between
radio [requency harmenics can be listened to wlthuul
heing confused by even e ly stronger
Suppose that the known oscillation is exactly 1,000 kefs
‘I'he oscillator o be calibrated is tuned so that its fund:
mental is nearly the same, A receiver
135. The Method arranged Lo receive both of them
of Harmonics ogether renders a beat notc audible,
at a frequency equal to the differcnce.
By tuning the oscillator so that the frequency of the beat
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note becomes zero—generally described as * tuning to zero
beat note "—it is exactly synchronised with the standard.
That is well known ; but to do it successfully certain
precautions raust be observed. The coupling between
oscillators andfor recciver should be very small, so as to
prevent the frequency of cither being “ pulled 7. It is
best for one of the received oscillations not to be
50 enormously stronger than the other as to * wipe out
the receiver, or to pull the weaker in step with it and so
prevent zero beat note being accurately set. 1t is for this
reason that a screened oscillator, with output control, is
preferable to an “open * wavemeter.

Although it is quite easy to synchrenise two oscillations
within about 0-01 per cent. in this way, a [ar betler method
is to use an oscillating receiver {or a third oscillator) tuned
to any convenient beat frequency with respect to the
standard. As the oscillator to be calibrated s tuned near
synchronism the two nearly-equal beat notes produce an
easily noticeable trill, which becomes a slow beat when
equality is very near. In this way it is possible actually
to count the differcnee in cycles ; in the example considered
(1,000 ke/s standard), one beat every second would indicate
a difference of one part in a million. The only important
precaution is to make sure that both frequencies are on
the samc side of that of the receiver. Lt is very easy lo
settle this by very slighily altering the receiver oscillation
frequency ; if correct, the slow beats will continue around
a different audible beat note; if wrong, the two beat
notes will diverge and destroy the slow beats,

Because of the extreme precision ol this method, without
elaborate apparatus or striet conditions, one tries to make
use of it in as many sorts of test as possible. Even the
simpler zero beat method is much more precise than most
forms of indication, such as pointer readings ; and examples
of use are given in later chapters.

In the scction on oscillators (32) it was pointed out that
extreme stability of frequency (such as is needed in a
wavemeter or other standard) and copious harmonics do
not generally go together. For wide-range calibration
it is therefore usually helpful to set up a transler oscillator
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with plenty of harmonics, any one of which (or the funda-
mental) can be synchronised with the standard and used
to establish other fixed points. The multivibrator is the
extreme example ; but an ordinary back-coupled oscillator
run with such tight coupling as to overload the valve
badly yiclds detectable harmonics up to twenty or more.
Sometimes it may be dificult to tell exactly what
harmonics are responsible for the audible beat note. If
the receiver reaction is variable,
136, i i ightening it lly causes the note
of Harmonies to increase in strength if a receiver
harmonic is involved, and to weaken
if it is the fundamental. The harmonics produced by a
dynatron 1 are almost 1 ble if the grid
Dias is adjusted so as barcly to maintain oscillation 5 but
they may be strong if the bias is much reduced, and this
enables one to tell whether fundamental or harmonics
are being received.  Of course it is necessary to synchronise
with the standard after any such reaction or bias adjustments
lave been made, as the frequency is slightly shifted therchy.
Suppese one is listening on a fixed frequency—the
standard—and an oscillator is to be calibrated over lower
chquency ranges, it is tuned so that each of its harmanics
in turn is reccived.  Assuming again a 1,000 ke/s standard
tor 1llustrauon, the oscillator can be Calibrated at 500,
3334 o, By halting at any of these, the
veceiver can be shifted to another harmonic—higher or
lower—and a {resh start made for filling in intermediate
points. To calibrate higher frequency ranges, the funda-
mental of the oscillator 1s caused to beat with harmonics
of the recciver, giving poinls at 2,000, 3,000, 4,000, etc.,
and intermediate points can be filled in as before. A
slide-rule is often useful for identifying the fundamental
when a number of high-order harmonics are heard ; if
one harmonic comes in at 4,400 kefs, and the next at
4,950, the moving scale is slid along until two consecutive
whole numbers bridge the gap between these two numbers
on the fixed scale. The only numbers that do so arc
Sand g, so these are the harmonics, and the fundamental
(read below 1 V) is 550 kefs.
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An absorption wavemeter gives no heat notes or har-

monies, sa st be calibrated from the fundamentals of a

calibrated oscillator, by holding it as

137. Synchronising far away as anc can still see a slight

Non-generating ~ “kick " of the pointer of a milli-

Circuits ammeter in  the oscillator  anode

circuit when the wavemeter is tmed

through resonance. A circuit with a grid leak of rather
high resistance is best for showing such an indication.

RESONANCE

The “*Ncurve:

AT NOTE

helpfui in synchronising
arcuies very exactly

Rivow OF

FREQUENGY

A much mere precise methad is to Hsten to a beat note
due to either mdamental or harmonic of the oscillator ;
even when the wavemeter is coupled too looscly to show
any meter kick the beat note can be heard to rise gradually,
then fall vather suddenly, and then rise again, as shown
in Fig. 86. Lxact resonance takes place on the steep slope
at the point where the heat note is unaftected by removing
the coupled circuit entirely, shert-circuiting it, or setting
it right off tunc. Still more exact synchronisation s
possible it a third oscillator is used to cause slow beats (o
be produced when the frequency of the oscillator to which
the wavemeler is coupled aiters very slightly. In this
way a non-gemerating oscillatory circuit can be adjusted
to resonance with as great precision as an oscillator. For
detailed information on the procedure for the most cxact
results the reader should refer to a paper by F. M. Cole-
brook and R. M. Wilmotte in the Fournal of the LE.E.
(Wireless Section), Vol. 6 (1931), p. 40.

Having established a S AT i off et
points, onc proceeds to plot them carefully on a large
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sheet of graph paper. Isolated errors, caused perhaps by
mistaking the number of a harmonic, are shown up. In
case a whole series of harmonics is wrong, it is advisable
ta have cross checks fram some ather standard.
By the use of harmonics it is posible to calibrate well
up into ultra-high freguencies, hut at frequencies still
higher it becomes almast imprac-
138. Wavelength ticable to continue the frequency
Standards catibration.  Tust as this difficulty
increases, wavelength calibration he-
Ination becotnes relatively easy, making use of the principles
of standing waves along parallel wires. There are several
variants of the methad ; the most compact is the quarter-
wave resanator, which is only a little over 8 feet long for
1o metre wavelength.  For wavelengths of 1 metre and less
ihe method is particularly convenient. A pair of pmallel
bare wires is sttung across the room or mounted on a
wooden frame.  As the presence of material (other than
ain) between the wires i+ a souree of enor, it is best to do
without any spacers, stictching the wires tightly between
supports and taking very great care to get them cxactly
parallel.  ‘The farther apa-t, the less the probable error
m parallelism, but the yreater the distance material—
conducting or otherwise—must be kept away.  About

1c10n of an oscillator cof for couphing to
re resonator i wavelength measurement
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two inches separation is suitable for waves of the order of
5 metres; one inch for shortcr waves. Except for the
insulators at the ends there should be nothing but air
within at least several inches of the wires.

One pair of eunds is left unconnected, and the other is
short-circuited. If an oscillator coil is brought near the
short-circuited end in such a position as to couple mag-
netically (scc Fig. 87) there is the usual meter * kick
resonance, which takes place when the oscillator wave-
Iength is four times the length of wire from the short-circuit
to the open end. It also takes place if it is four-thirds,
four-fifths, four-sevenths, etc., of the wire length. Actually
waves do not travel quite so fast along such lines as in free
space, and the wavelengths thus measured are less by a
small amount, but if the suggested precautions are taken
the errar should not be more than about 1 per cent.

Unless the oscillator frequency is appreximately known
beforehand, it may be difficult to find the indication of
resonance within the tuning range of the oscillator.  Ifit is
found, it should be confirmed that it is due 1o the wire and
not 10 an internal absorption, by bringing the oscillator
away from the wire. Alternatively the oscillator fre-
quency can be left alone, and the resonator tuned to it by
shifting the Lridge picce along.  The awkward thing about
this is that the oscillator coil must be shifted along with it.
1t is quicker to adopt the haif-wave resonator by lcaving
the vscillator and the bridge at one end, and moving another
bridge made of a short picce of stiff wire pushed through
the end ol an insulating handle to form a T-picce, away
from it along the wire. At certain points the oscillator
meter will probably jump ahout a bit ; these points are half
wavelengths apart.

An important quantily in radio work is amplification
ot gain. The most obvious way of specifying gain is by

the ratio of output voltage, current,

139. Reckoning or power, (o input. An amplificr

Amplification may give a voltage amplification of

(to 1) ; at some extreme frequency

it may give an amplification Jess than one, say o-2, which

may be described as a loss of 5. If the impedances across
178
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which inpul and output woltages (or currents) are measured are
equal the power amplification is equal to the square of the
voltage (or current) amplification.

Gain or loss js practically always expressed in decibels
(db). Plus 1 db. is equal to a power gain of 1-259 or a
voltage (or current) gain of 1-122 ; minus 1 db. a loss ol the
same ratio. One may consider fot only the gain or loss
between two pairs of terminals, such as the input and out-
put of an amplifier, but across one pair of terminals when
some change or adjustment is made. For further informa-
tion on this subject sce Secs, 21g-20. A table of db. appears
in Scc. 308, but the most convenient method ol arriving at
db, fremn a pair of readings is 1o refer the ratio of them to
the uniformly divided scalc of a slide-rule. A power ratio
of 1 is 0 db., and a power ratio of 10 is 10 db. These arc
the ends of the scale. The corresponding point on the
“ db. scale * to 4 on the main slide-rule scale is b ; a power
ratio of 4 is 6 db. A pawer ratio of 40 is 4 10 ; equal
1o 6+ 10 or 16 dh. Note that gains or losses in db. are
added. Voltage (or current) ratios are double the db.
figure.

There are such things as standard amplifiers, used 1o
provide a known gain when measuring voltages (oo small

X 0 be tead by valve voltmeter,
i40. Standards of cathode-tay tube, or other instru-
Amplification—  ment.  Their gain depends on so
Attenuation many things that they cannot

reasonably be depended upon to
high accuracy, so wherever possible a standard of loss—an
allenuator—is preferred, because it consists of a passive
network of resistors. While an attenuator eannot serve the
purpose of an amplifier, it can be used to calibrate an
amplifier on the job. The method is simple ; it is con-
nected in cascade with the amplifier (i.e., one leading into
the other) between an appropriate signal and an indicator ;
the attenuator or amplifier arc adjusted until the indicator
reads the same through them as when it connects straight
to the signal. The gain and loss are then obviously
equal.  Which comes first in the line depends on circum-
stances ; if the aticnuator comes first, the amplifier is
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worked at alow signal level and is not likely 1 be over-
loaded. That is therefore usually the better order.  For
details, see Sec, 221.

If the attenuator works into a chcuit that can be
reckoned to be of inﬁnilc impedance—a voltage-operated
such as a valve—il can take
141. The Potential the simple form ol a potentiometer,
Divider This name is commonly but wrongly

applied o the ordinary volume con-
trol, which however can eain some Gitle to the name by
being calibrated.  But (o be more definite the step-by-step
type is preferred.  The total resistance is made lurge
cnough not 1o be overhcated by ihe current due to any
voltage likely to cxist across the input terminals, nor to
load the input civcuit excessively,  With these conditions
tulfilled, the lawer the 1esistance the better, in order (o
minimise the ¢ffect of any finite impedance it may work
into, and also f¢ teduce the chance of interference from
stray fields. On the infimte output impedance assuinp-
tion, the rollage attenuation i decided solely by the ratio

= (Lig. 88).

Fig 88 The simple potentual — d
St e e weur - Re 37 outhur
Testrictions 5

It is ofien con
o divide the -
tance s0 as o give an cqual numbet ol decibels loss per
stud. The values of R, lor a given R, can be caleulated
on a slide-rule as just described, or fiom the fotinula

db. = 20 lng,, RI For convenience, a potentiometer giving

a total of 4o db. loss in steps of 2 db. is tabulated for a
R, of 100,0000. The values for any other R, can easily
be lound by multiplying everything by the ratio of the
actual R, to 1o0.000. The resistances specified are for the
indlvid\ml steps, not for total R,.
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No. of stud, |
counting from | db. loss Resistance to nest
lower end | v
1 o o ohms
2 40 1,000
3 33 259
4 36 326
5 34 410
6 32 517
7 30 649
8 28 819
9 26 1,031
10 24 3,208
1 22 1,633
2 20 2,058
13 38 2,500
T4 16 260
5 14 4100
16 2 5,170
7 10 61400
e 8 8190
19 6 10,900
20 4 12,400
21 2 16110
22 o 20,760
- Total 100,000 ohins.

The potentiometer (ype of attenuator has two limita-
tions : if the impedance into which it works is not infinite,
the amount of attenuation is altercd,

142, Calculatmg and so is the input impedance of the
T ani attenuator.  Por working out of and
Attenuators into finite resistances a morc claborate
network is necessary, requiring com-

plex switching. Fig. 8 (a) shows the form of the T
artenuator. The atienuation is controlled either by
simultancously varying all three resistances by ganged
switches or using a sct of double-pole change-over key
swilches to cut in or out the desited number of stages of
fixed atlenuation ; the latter method is slightly less rapid to
manipulate but is easier to construct and is more suitable
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for high-frequency use because sections can be separately
screened and points of widely dilferent potential kept apart.
By sclecting suitable values for the resistance arms the
input and output resistances—that is (o say, the resistance
ol the attenuator measured at either end and connected to a
circuit of iis rated resistance at the other-—can be kept
always the same.
To illustrate this a 3-stage attenualor is shown in Fig. go.
When all the switches are in the upper pesition obviously
there is no attenuation, and the
143. An Example resistance of the far end, looked at
from either end, is 6,000 ohms, When
the first {left-hand) pair of switch arms—which form one
switch—is depressed, there is no change in the resistance,
but 1 db. attenuation is introduced. Similarly with the
other stages. A total of 7 db., variable in steps of 1 db.,
can be inscrted.
To calculate the series and parallel resistances, S and P,
for an input and output tesistance R and voltage ratio
v

. r—1

S=R (r+x)

P—R ( ar )
ri—1

From this it is clear that hoth resistance arms are
proportional to R, so that if the dimensions of an attenuator
for, say, 10 ohms load iesistance is known, those for a
1,000 ohm load arc obtained simply by multiplying
everything by 100,

For systems which must be balanced with respect to
carth, the still more complex H attenuator (Fig. 89 4) is

wed, and requires a set of g-pole
144, The Ladder switches. In radio equipment, both
Attenuator audio- and radio-frequency, somc-
thing morc simple, compact, and
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fie %0 olow)

Tattenuator giving

a maximum of 7

db In  steps of
1 db

Pt
(2) at
8 =
3 %
e 5 <
'z r oo 3% B
5 R
2 £ g
H 3 8L
& | »
z ]
a B
3 %
(b}

Fig. 89: Form of attenuator necessary to preserve con-

betwaen the series and parallel resistances
b ohserve:

quickly manipulated is wanted, and,
although it does not maintain perfectly
constant resistance with the switch near
one of its ends, the ladder attenuator
(Fig. g1) is much used, for example in
signal gencrators and audio amplifiers.
There are various slight modifications
of this type ; for example, the output
can be swilched to the tappings in-
stead of the input. The ladder con-
sists of a scrics of 1 or I stages, which
can e arranged to prescnt a constant
resistance to one end only. It is best
illustrated by an example. Fig. g1
is a scrics of [ stages, and assuming
< 183
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S 3P 3p

et
ourPuT

Fig. 91 : A convement type of attenuator much used in radio wark —che ™ Ladder "

that source and load resistances, R, arc cqual, and that a
conslant resistance is required from the inful standpoint,
the arms are caleutated by :—

S=R (1—1)

The resistance R, is called the iterative resistance,
because it is equivalent to an infinitc 1epetition of stages
towards the left. In this type of attenuator, with the
assumptions stated, R, = rR. ~ For example, suppose source
and load resistances are 10 ohms and each step is (o he 5 dh.
R, then, is 10, and r is 1778 ; from which :— :

S = 778 ohms
P oy
R, — 1778

R, and I in parallel arc 10 ohms, which in serics with $
makes 17:78, equal 0 R,. 8o R, and the first stage together
have the same resistance as Ry, This is true of any number
of stages ; their ycsistance towards the left s equal to R,.
“\ hat about the right ?  1he load is 10, and in series with
S and in parallel with P makes 10 again.  So the resistance
through all paths from any stud w0 which the source is
switched {cxcluding the path through the source ftself) is
1778 in parallel with 10, or 64 ohms. This, though not
equal to 10, is at least constant at all switch positions.
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Because it is not 10 the systen is less eflicient than one in
which the impedances are perfecily maiched, and even
when the source is tapped right across the load there is a
loss in the attenuator, called the insertion loss.

The attenation per stage, worhing {rom the load end,
can easily be found to he 5 db., but the output resistance i
6-4 ohms at the end siud, 12-75 at the next, 16-0 at the
next, and tends towards 517+38 at an infinite number ol
steps away.

Nevertheless, where strict matching is not essential,
it is a uselul type of attenuator, and can be made quite
cheaply.

For more detailed treatment of attenuators, including
the cfiects of incoriect, unequal, or reactive terminal

impedances, an_advanced work such
us A, T. Starr’s Electric {iomts and
Wave Filters should be referred to.
", F. Terman gives data on the more
practical types in his Adeasurements in Radio Engineering, and
there is a very valuable paper by McElroy in Proc. LR.E.,
March, 1935, giving tables for rapid calculation of resistance
elements in all the usual types of altenuators. In par-
ticular, the bridged-1 type may appeal to home con-
tors have to e adjusted
Lo each step. ¥
described, but with a fourth element, B, joining the input
and output terminals on the S side.  The S resistars ate
both made equal to R, so may be permanently «onected,
and

144a. Other
Attenuators.

.
‘r-1

B=R (-1
The switching can be done by a z-pole switch of the
Yaxley type in which the arms are not clectrically conuected,



CHAPTER 7
INSTRUMENTS
D—Equipment as a Whole

HE three previous chapters, if read straight ofl, may

have had a slightly bewildering cffect on anyone faced -
with the task of equipping a laboratory with limited.

means, in spite of the fact that claboratc and expensive
apparatus has either been omitted or,

145. A Con- it of general importance, described
centrate of quite briefly. There is a vast amount
Apparatus ol equipment that might have been

mentioned, but has been left out
because too highly specialised or likely to be available
only in lavishly appointed laboratories. Even so, much
more has been included than most people are likely to
be ahle to acquirc personally, The purposc of this
chapter is to help the reader to boil things down w0 a
concentrated residue consisting of a modcrate amount of
apparatus sclected for maximum utility without unnecessary
expense, overlapping, or obsolescence.  What that residue
is depends very much on individual requitements, but the
apparatus contained in the following list, (hough few in
number, enables a very large proportion of the enormous
range ol zero-, audio- and radio-frequency tests to be
carried out \mh reasonable accuracy and convenience.
The items are entered in parallel columns ; those on the
left hand arc of a more strictly pracucal nature ; they
would not be inappropriate for a service hbormory
aiming at being capable of clearing up the obscurest of
faults : thosc on the right hand may be substituted or
added if funds permit or if the object is work of a more
ambitious character.
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| R, Rt
| B Section EN Scetion
| Mugrpange merer such g | 55 sgh-giade lahoratary
© Radiolab All-Purpose 7, | &1 meter, such a5 Cambuidge
Univeral Avomnior - of ersatile anometer
Avomdter with aceessorics
= | Modulated osallator E Standard signsl guneraior  47-52
3 Dynatran weillator 37 ncludiog negative e 3B
| HOR ance hndge. aso
154
4 Straght” A L osedlatar | 38 Bew-freamacy AT oseil- 30743
s
s Cathoderay fabe with | 7482 snmc, suuth more elaborate | See 55
ower umt and mans. | 8 specifiear including | _slon
trequency time base, and vanable-trequency lmear | 83
preferably alzo frequeney- | 57 tme base and deflection
modulahion device. amplifier. 88
& Wifasdeen  side-back 20 In addition. square-law | 67
valve voltmeter (or outa- | 1567 | valve valtmizer,
buas 146
7 Varmble-ranio tiansformer, | 159 Multi-range  mulu- | Go
Tor_matching tccener 16 smpedance output meter. | 158
] 14t Same, 4
9 123146 ] Universal Undge  wath | 127-20
32 3 e standards of L, C & R | 124
| and Omen bridge for L Appendis 165
— o4-107

. Under the modest name ol the * Radiolab Workshop
Testing Sct” hides a piece of apparatus of exceptional
versatility and value lor laboratory
146, A Versatile use as well as for servicing (Fig. 92).
Instrument It combines items 6 and gB above,
and also includes a high voltage
insulation test set, all at the moderate price of £g os.
The ranges are 10 pul to 60 b ; 100 Q to 10 MQ
power factor of clectrolytic condensers o 50 per ccm
leakage of electrolytic condensers, or anything else, 0-08 to
4 mA [rom 10 10 400 volts, or o-1 to 5 M at the highest
voltage ; and the valve voltmeter, which emplays a
top-grid valve * probe ¥, introducing cxceptionally small
circuit disturbance and usable up to g0 Mcjs, reads 02 to
100, and has an input impedance of 5 MQ and capacitance
of g ppF.
Some readers may be surprised to sce no valve tester on
the list. “Lhe difficulty is that cither the latest sort of
of 187
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valve that one wants ta test scems somehow 1a he outside
the scope of the instrument; or else, ta aveid this

possibility, the designer has made the
147. Valve Testing apparatus so flexible that it is almost

as much trouble to make all the ap-
propriate connections and switchings as 1o rig up a test for
onesell rom the appropriate valve socket and metets.  This
heing so, the author’s practice when setting up an experi-
mental cireuit involving valves is (o check the valves in their
own citeuits, and, on the comparatively rare occasions when
a vulve is being investigated as such, to hook wp a suitable
circuit.

Admittedly this is not likely to suit workers such as
service engineers handling many valves ; and they must
have one of the many valie checkers offered for scrvice
purposcs, provided with innumerable sockets for coping
with all the rypes our cnterprising valve industry has turned
out. A simple routine valve checker that the author
designed some years ago makes use of a pnncnplc that is
often overlooked— automatic grid bias "—for measuring
mutual conductance. Tt is described in detail in Faperi-
mental Witeless (now Wireleys Engineer), Seplember, 1928,
and briefly in the next chapter (Sec. 216).

“Fig 92 The * Radio-
direc
rhe

prabe st ch

L crreoned cible

EQUIPMENT AS A WHOLE

Considering the listed items in detail ; the choice of
meters has already heen dealt with faitly fully in Sces. 54-56.
There are very many exeellent makes and types other than
those referred to 5 the author mentions the above on the
ground of personal expericnce.

T'here is also snch a large choice of excellent modulated
oscitlators at low prices that it bardly pays to think of
making one ; and standard signal gencralors are rather
beyond the capabilities of the amateur instrument designer
and maker.

The dyratron * substitution "' oseillator, on the other
hand, 15 not a recoguised commercial product, and is

casily constructed to suit individual
148. The Dyna- needs. 'The unit now to be deseribed
tron Oscillator  is an © open " oscillator, not primarily

intended as a signal somrce because
fln 2 s assumed o be available for that purpose
Although it would be possible to screen it in and fit it
with au ouwiput valve and attenmator, it would therchy
becomne less suitable lor certain tests such as RUI, resistance
measutement ; and it cannot be substituted for No. 2
because for some purposes both arc needed.  Tor the same
reason it is not relied upon as a standard of fiequency,
althongh it is quite useful for it 1o be calibrated.  Even
excluding these uses, it is hard (o equal for versatility.
ixamples of its use arc : matehing coils and condensers
to high accuracy o ganged circuits ; measuring or
compating the dynamic rexistances of tuned circuils ;
testing R.F. chokes for mistuning and absorption over the
band of working frequencics ;  restiny samples of insulating
materials for R.F. loss ; and measuring the characteristics
of aerials.

For many of these putposes an ordinary valve oscillator
could be wsed, but the dynatron has the advantages :
(1, that a 1eaction coil or tapping is unnecessary and
ihetelore oscillation can be set going in any coil, even
though 1t may be (olally screened and inaccessible cxcept
for its two end connectinus ; (2) that the 1esistance against
which oscillation can be maintained is under easy and
precise control by varying the grid bias ; and (3) thal the
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frequency of oscillation is remarkably independent of
operating voltages, etc. Disadvantages are not serious and
consist chiefly of the fact that unless one happens Lo acquire
an exceptionally good valve (and they vary rather unpre-
dictably) il may not he possible to get very * difficult
circuits (such as ulirasshort wave) to oscillate, The
Mazda AC/S2 appcats 1o have exceptionally powerful
dynatron properties ; most samples of this type are amply
cffective.  For low-loss circuits, which are casy to sct into
oscillation, the Mullard 84VA is preferable because of its
small interelectrode capacitance and good power-factor.

T'o understand how the dynation can be used for the
various purposes suggested, 1t is nccessary ic visualise it

in the circuit as a negative resistance,
149. The Dyna- thc amount of which can be con-
tron as a Variable veniently controlled by varying the
Negative grid bias. The control grid is not
Resistance subjected to any osciltatory voltage

but is kept at a steady bias voltage
that acts as a throttle.  When cails and condensers are
put together to form a tuned circuit they are equivalent
to a very high positive resistance at the frequency 1o which
they are tuncd (Sec. 2g3). The lower the resistance due
to losscs in the components, the higher is this so-called
* dynamic resistance . Using very eflicient components
it is possible to make it several hundred thousand ohms,
while with poor components it may be only tens of
thowsands. If there were no losses at all the dymamic
resistance would be infinity, but this can be achieved only
by neutralising them by means of negative resistance, of
which valve reaction is the most familiar example. The
dynatron is actually a rather simpler form of negative
resistance, as the amount depends on the valve itsell and
not on external coil couplings or adjustments.

Now this is where it is casy to get confuscd. When
asked whether a resistance of —r160,000 ohms or — 16,000
would be the more cffective for neutralising losses, it is
natural for onc to say © —100,000 ¥, and perhaps “ Of
course ! ”  But bearing in mind that a resistance of
10,000 ohms iepresents much heavier losses than
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100,000 chins, one can see that —10,000 must he a
correspondingly more effective negative resistance to
nentralise it. When calculating one must use the rule
for adding resistances in parallel,* by which a combination
of 410,000 and —100,000 gives 411,111 ohms—only a
slight improvement on the original 10,000.

The negalive resistance of a dynatron when it is given
such a large ncgative bias as nearly to cut off its current
is nearly infinity ; so it is capable of neutralising only
those circuits which arc alrcady extremely low-loss. As
the bias is teduced, the negative resistance (alls, giving
cotrespondingly greater neutralising ability ; but one has
to be carcful not to allow the screen current to rise
excessively, or the valve may lose some of its valuablc
dynatron propertics. When neutralising  bad ** circuits,
then, do so for as brief a time as possible ; preferably just
a “spot reading . The AC[S2 will go to —10,000 or
even —§,000 ohms, but be careful about letting the screen
current exceed about 7 mA.

‘When the positive resistance of a tuned circuit is fully
neutralised, oscillations set up in it continue indefinitely.
If the grid bias of the dynatron is further reduced, so that
the resistance is more than neutralised, the amplitude ol
oscillation increases until it sweeps round the bends of the
valve characieristic curves, so bringing the negative
resistance 1o a balance once smore. This has at least
three bad results: (1) it causes the valve to take an
unnecessarily high current, (2) it produces strong harmonics
in the oscillation, and (3) it causes the frequency of
oscillation to depart from that which is determined by the
capacitance and inductance of the components. It is
important, then, to work with the grid bias just on the
right side of the oscillation point.

ny increase in the losses of the
I50. The Basis  circuit necessitates reduced negative
of Dynatron Tests grid Dbias to bring the vaive to
the oscillation point. The bias vol-
tage (taking care to kecp all other working voltages
*R xR,
RiTR
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constant) is therefore a measure of the circuit losses or
resistance. Sccondly, the frequency at which the circuit
oscillates depends, of course, on the capacitance and
inductance, and any change due to an added connection
necessitates tetuning to restare the original frequen
These two facls form the basis of subMlitution lests with the
dynatron.

The method in all cases is to compare one circuit or
component with others.  1f the actual values of some are
known, therefore, they can be used as standards to measure
the unknown. Fig. g3 shows the simplest dynatron
oscillator circuit, X being the terminals to which standard
and unknown condemsers, coils, ctc., are connected, An
important constructional feature must be a smooth control
of grid bias and provision for indicating small changes in
its voltage. Aldough the negative resistance does not
depend yery much on anode voltage over the working
range it is convenient to be able to adjust it, so as o avoid
any part of the curve that {greatly exaggerated) looks like
Fig. 94 (a) and to sclect part that is more like 5. The
difference is that with a the necgative resistance falls as

ot of aseituion

Smpls - dyastron
eireust ting the prin-
‘it of its vaes for testing
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the amplitude increases and so oscillation once started
jumps to a large amplitude, aud there is electrical backlash
in adjustment to the (hreshold of oscillation.

As regards power supply, the heater of the AC/S2 takes
the usual 4 volts 1 amp., 5o is most cconomically fed fron

A.C., but where there is none il may
151. Power Supply not be unreasonable fo devate @

largish g-volt accumulator to the job.
Fwo-volt battery tetrodes can be used, but their (lynalron
moperties are generally not very good. Where A.CL i
available there is a choice between rurning the hcaxor
from a small g-volt transformer and the other supplics
from batteries, or an all-A.Cl. drive.  If the A.C. is rectified
and smoothed jt makes 1ather a hig affair of it. Semi-
hattery opeation is cheap, because of the low current
consumption ; and the supply is steady. But i the
apparatus is used infrequently it is likely that when it is
nceded the battery is run down, and decidedly not steady.

A uscful and adaptable compromise will now be described
n detail, with a switch for changing between battery and

raw A.C. The latter requites mo
152. A Dynatron rectifier or smoothing circuits, is
Oscillator Unit  always ready [or usc, enables lower

negative resistances to be obtained
without risk to the valve, and can be heard with a non-
oscillating recciver.  Bul it gives a rough note which is
10t 50 euphonious, and comparison of bias is not so accurate
or convenient. Readers who wish A.C. only or battery
only can omit the parts that do not interest them,

“The tull circuit is given in Fig. g5, and the photographs
(Tigs, 96 and g7) should make clear the constiuction,
which liowever leaves considerable scape for mdl\udua]
taste or facilities, for it is a mere ** breadhoard ».

"The transformer 1o a special ane supplied by Sound Sales
Lid., giving 4 volts r amp. and 100 volts 40 mA.

The' by-pass condensers should he non-inductiv
mounted close up to the valve with short leads,

In serics with the erid is a 5,000-ohm resistor (o prevent
excessive grid current on the positive swings when running
on raw AL The grid polentiometer should be wire-
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2500 Vaw | 300ullw 20000 2w
‘5000

o 1w 2,0000 3w

000 Yow 5000
ALTERNATIVE POTENTIAL DIVIDER

100v.

Fig, 95 Cireue disgram of dynarron
e ezt umit wich swicch for optional All-A.C.
e M i il

fixed potentral divider Is shown

wound and give consistent wiper contact so that close
adjustment may be made. If the control is a sound onc,
pointer-knob scttings may be used for comparative tests ;
but voltmeter rcadings arc more reliable, and terminals
are indicated for the purpose.  But remember that when
the voltmeter is withdrawn the bias rises. It is wise to
withdraw a D.C. voltmeter when A.C. is being uscd ; as,
apart from no proper reading being obtainable, the
“ movement 7 is liahle 1o be damaged by the vibration.
An anode voltage control is shown on the A.C. side, but
this (and also the tappings on the battery sidc) must be
regarded as semi-fixed adjustments to obtain the best
conditions in the first place, as of course grid bias com-
parisons are upset if the other voltages are shificd. 'The
194
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anode voltage control is nol absolulely essential, and an
optional potential divider network for fixed anode voltage
is illustrated. It is quite futile to attempt to derive the
anode voltage—about 2o is usuaily suitable—from a high-
resistance network, because the working point will not
stay on the negative resistance slope. A milliammeter in

the screen circuit is wseful for indicating when the unit is
working and to give warning when the grid bias is reduced
ioo far.

the large terminal an it
left

ear view of the dynatron

F 2. 97 : Rea
i e 17, shawrig o addiion a sec of plug-
e in coils covering il frequencies from
195 100 040,000 ke,
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For a preliminary test, connect a coil and condenser
to the tuned circuit terminals, switch to cither A.C. or
hatteries, and when the valve has warmed up check that
the screen current varies as the grid bias control is rotated.
As regards anode current, theie is no need to be dismayed
ilit is zero or even a milliamnp or so in the reverse direction.
There is not likely to be any very noticeable juaip in the
feed current at the pomt when oscillation starts, sa it is
necessary to listen for it on a receiver.  The raw A.C. note
is audible in a superhet or non-oscillating receiver, but for
accmately judging the exact tuning point it is hetter lor the
receiver 1o be oscillating. I thete is no receiver that can
be made to oscillate, the same effect can be gained by
tuning it to a not-too-strong station carricr wave. It is
usually best to disconnect the aerial for this purpose and
rely on stray pick-up. 'To check whether the dynatron
signal is the fundamental or a harmonic, move the grid
control some distance round and note whether the shiength
alters greatly.  If it docs not, except perhaps a jump very
close to the oscillation point, it is the fundamental.

Accessories 1o the dynation are a set of coils and a
variable condenser (o cover the whole gamut of Itequencies

in which one is interested. It is a
153. Accessories good plan to make these the labora-

tory standards of inductance and
capacilance. As need may atise for more {han onc
variable condenscr, it is helpful to mount them on plugs, or
on small panels fitted with slotted metal strips for screwing
down to the Lasehoad.

TNDUCTANCES OF COILS WOUND ON EDDYSTONE FORMERS

Induct-
Spacn ince Waveband.®
Tyweof Fopmur. | Wi, Tums  Guspe | (Mo | c—— = oo
R B e
Thveded, e 278 a5
B o L i ‘
. D ¢ "
T i b
Pln I pe o35 Danse | e Cluseound
o & MR OnD
N ! Cadisone Ty TR moan winding |
Stdhied : LY | 2T | el ieie

FWith Cyldon U3s condenser 0.00035 mid.
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The coils shown in Fig. g7 are wound on formers made
by Stratton & Co. Ltd. (“ Eddystone *’) with plugs to fit
into a low-loss 4-pin valve holder. The table gives
winding data for a sct of coils covering 100 to 37,000 kefs
(3,000 1o 8 meires). For greater precision one would
usc the Sullivan temperaturc-compensated coils referred
to in Sce. 103.

The same unit can be used lor audio lrequencies as well
as radio, and il on occasions it is desired to use it as an
extra signal source, it can be arranged by connccting the
primary of an owtput trausformer in place of the usual coil
and tuning it to the desired audio frequency by a condenser
in paallel (Fig. 68). The signal vollage depends on the
anode voltage, reaching a maximwm at hall the screen
voltage. Or o modulated radio-frequency  signal s
obtained by conuecting 11 sevies with the usual tuned
circuit, on the side away from he anode, an audio-
Irequency circuit (Fig. gg). A 3H choke shunted by
oot uF modulates at about 1,000 ¢/fs.

The procedure for using the dynatron in substitution
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and comnparison tests will be described in the next chapter.

It will be found that its scope as a
154. A Negative measuring instrument will be greatly
Resistance Bridge increased il means are provided for

measuring its negative resistance at
any adjustment. There are various ways of doing this,
such as deducing the slope of the anode current/anode
voltage curve by ploiling points each side of the working
pain ; but the best method is by means of a special bridge
circuit, which it is suggested may form a valuable addition
o the unit just described.

Fig. 100 shows the extra circuit in relation to the dynatron
unit already described. The two resistors, which form
the ratio arms, must be accurate, and can be made vp as
described in Sec. g6, The caupled coils are for balancing
out capacitance of valve, ctc., and Fig. 101 gives dimensions
of suitable ones; by arranging a scissors-tike coupling
adjustment, the mutual inductance can be brought to zero
and in fact slightly negative. The best direction of con-
necting can be found Dy cxperiment. The switch is for
shorting out the whole bridge when it is not needed, and the
flying elip lead is for shorting it through the hy-pass
condenser (to maintain the Z.T. resistance, and hence the
anode voltage, constant) and alternatively shorting out the
oscillatory © X * circuit. A switch would be likely to
introduce too much circuit disturbance for the most
precise work. The use of
this apparatus is described

in Sec. 187.
Fig. 102 shows
the circuit of the
sa “ straight ” A.F.
source with auto-
o (atic amplitude
osoitaten control that was
f———o@w)  promised in

RESISTANCE
BoX

X

— Fig. 100 Bridge circuic
anopE for measuring the nega-

voits Give resistance of a dyna.

- tron at any adjusement.
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Chapter 4. Details are
given of the com-
onents in case it is
desired to follow this
design exacily ;  but

155, A ““Straight ”
Audio Source

there is no specialsigni-
ficance in the specified
values of smoothing
condensers—ihey  just

o PN

o hE

EAcH 150 TURNS
oosc

Flg. 102 : Quantita-
tive dreutc diagram
of a " seraght”

providing ten fixed
frequenaes from 50
E is

o
H
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happened to be available in a standard block.  As there is no
transformer winding for supplying anode volis the circuit is
in direct counection with the mains and the precautions
that usually apply to D.C. mains apparatus should be
adopted to prevent contact with any part of the circuit
other than the sccondary ol the output transformer. The
design can easily he modified by using a tiansformer with
H.T. winding and perhaps a larger output stage. Ihe
output of the oscillator as specificd is about 150 mW : and
the outpnt transformer should le selected (o suit the work
in view—a multi-ratio Lype is very useful. If particular
frequencies are required with any exactitude it may be
necessaty o play about with a number of condensers of the
same nominal capacitance, or (o supplement them with
padding condensers.

The approximate lrequencies given in the different
switch positions with the components specified are -
Switch position.  Frequency, /s, Switch position  Frequency. ¢ 5.

s0 o 1,000

1 »f

2 70 7 3,000
3 115 8 4,500
1 250 9 7,000

5 150 10 10,000
The two tapped coils are the same as those originally
specified in The Wircless World, July 201h, 1934, and arc
now made by N. Partridge, from whom the smoothing
choke also can le obtained.

It is valuable for the potentiometer contvolling the
output to be calibrated in decibels, and if a stepped control
is to be used the table in Sec. 141 will be uselul, but an
ordinary volume control of reliable type can he calibiated
by means of an A.C. voltmeter. 'The output level vaies
slightly from one frequency to another, hut should not
do 50 by more than about 405 db.

A further impiovement in constancy and purity of output
can be obtained by omitting the 0.15M@ resistor in series
with this potentiometer, and cutting down what would then
otherwise be an excessive input to the power valve by means
ofnegative feed-back, which canbe introduced by interposing
the secondary of the output transformer (or a tapped-off
portion of it} between the foot of the potentiometer and
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—~H./I'. 1f the 1atio is the whole of the output volt-
age is a suitable amount to feed back. Incidentally a good
quality output transformer is very necessary tor the lowest
frequencies, 1o avoid irou distortion, Another cause of distor-
fion is the use of a rectifier-type voltmeter across the output.

Brat-frequency oscillators and cathode-ray equipment
arc described in some detail in Chapters 4 and 5 respec-
tively so we pass on to No. b, the

156, A Slide-back slide-back voltmeter. The Lype now
Valve Voltmeter to be described includes a number of
rather unusnal features, and com-

valve volemeter shown 1n Fr

i . Quant
gram of the mans.driven s
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bines ncarly all of the desirable characteristics of a valve
voltmeter, The circuit diagram, Fig. 103, suggests that
it is rather complicated. Part of this is due to the inclusion
of two detector valves—one inside the cabinet, for gencral
use, including voltages up to 250 peak and with
superimposed steady potential ; the other an “ acorn * probe
for U.ILT, use. If the acor valve is omitied and its place
at the end of the probe occupied by thc HLag (which,
incidentally, was selected because the grid is brought to a
top cap connection, giving an exceptionally high input
impedance) the instrufnent is simpliliedt and chcapened,
at the sacrifice of more accurate results beyond the
30 Mc/s region.

With the arrangement shown, either the probe or the

| INDIGATOR |

je. 104 -~ Home-made malns-driven slide-back valve voltmerer, ¢ is completely
self-cenained, but aq optional acarn valve probe for U.H.F. use can be plugged in a3
wn. The cathode-ray Indicator window Is Immediacely above this sochet
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HILggmust be unplugged when the othet isin use. The good
input clharacteristics of the HL4g are
157. Details preserved by a mica-bushed terminal,
of Construction  a good mica condenser, short leads
to grid, and the shorting-switch
contact mounted on the condenser to avoid bringing cxtra
material into the system for support.  The earth is joined
anly W the case, so a direct connection from earth to
*earthy 7 is optional ; a useful feature when measuting
volts across a valve coupling in an anode circuir. It is
essential for the valves to be ““ hard ”, as at maximum
peak valts the grid goes 500 volts negative and a very
minate leakage through the 4 MQ resistance would cause
crror. . Owing (o the small clearances in the acorn valve
it is hardly wisc 1o use it at morc than about half maximum
volts.  Tlie two 500 ppk by-pass condensers are connected
to give the shortest possible paths in the head of the probe.
The screcning sheath is at the same potential as the
“ carthy ” terminal, but it a 5-wire cable and a 6-pin plug
are used the screen can, of course, be taken to “ earth ™.
The 25,0000 resistor is [or removing any trace of ripple
from the bias.
The anode current of cither valve passes through a
1 M@ resistance between grid and cathode of the ** magic
cye”, which has a g-volt grid base and (herelore 4
microamps covers the full range of indication. I'wo
lines can be marked on the glass for reference, corresponding
to the outline of the moving shadow at about half a voli
negative, which is aboul as sensitive a setting as any. The
supply potentials for the valves are stabilised at about
160 volts by a neon tube, which must be withoul internal
vesistance.  The *Rras apjust” control is for initially
selting the vhadow 10 ity standard width with no signal.
A readjustment is necessary afier changing the valve, but
otherwise it is very stable. 'I'he slide-back voltage is
developed across (wo ganged potentiometer units ; one
gives coarse adjustment on all but the lowest range, and the
other provides fine adjustment for these and also contrals
the lowest range,
Tt the instrument were not t be used jor low voltages,
204
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the peak signal vollage is 50 nearly equal (o the slide-back
voltage that any D.C. voltmeter could be used without
special calibration, It is even possible to dispense with a
meter entirely and calibrate the stide-back control.  But
for couvenience, and to cover readings from o+ volt
upwards, a meter is incorporated. There is no need for it
to be a highly semsitive one ; that illustrated is actually
d-5mA. By using a gang range switch it is impossible
1o drive the pointer far off the scale even by the grossest
neglect. It is thexefore an cxceptionally practical instru-
ment.  Terminals are provided for connecting an external
voltmeter in parallel with or instead of the internal one.
In the original specimen a switch for changing over i
fitted, but as the range switch has an “ off 7 position it is
not really necessary.

For the higher readings the greatest possible error due to
a change of valve is practically ncgligible 5 thus, the scale
calibrated for a HL4g valve was found to depart from the
calibration for such a different valve as an HAr by only
o1 volt, to be added to the reading. Above about half'a
volt the scale is lincar. Mains variations have no appre-
ciable effect on the calibration, though they may cause
some drifting of the slide-back voltage, but as that
at the appropriate time it does not matter very muck .

This type of instrument is particularly sensitive for
sctting a signal of any hut a fiactional voltage to a specified
level, or for adjusting two signals to equality, which is the
recommended purpose of valve voltmeters. Generally
this sensitivity ol adjustment lar exceeds that of a meter scale
of even much larger dimensions than the one illustrated.

Although there is a good dcal of latitude in most of the
components used, the following list of some of them may
be helpful

Buas control .. Reliance type TW  s000

Fine slide-back control . - w . 2009 double

2000 | gang
Coarse slide-back control ey N I,
10,0000 e
sop000 | &
Alete: E I erianti 0-5 mA,
Range switch . . . tpe6
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Case . . . . Eddystone 1033
Power transformer . N, Parwidge ;- 4v. 1 A
Special Uogv

| 380 v. 20 mA

Smoothing condensers . Dubilier 028%

s-way cable plug . . i

The two limitations of the valve voltmeter just described
are_that readings much bclow a volt are rather cramped
and accuracy rclatively poor, and that it cannol be used to
read R.M.S. values. For serious cxperimental work it is
desirable 1o supplement it by a low-reading square-law
instrument. Sec. 67 indicates the requirements of this,
and the onc illustrated in Fig. 37 (a), or a modification
of it, is suggested.

A valve voltmeter can be used to measure receiver
output ; but a simpler, robuster, and more convenient

instrument for the purpose is a metal
158. Output rectifier voltmcter shunted by a
Measurement suitable load resistance. Besides, it is

very likely that the valve voltmeter
may be necded clsewhere in the set-up.

Generally one is more interested in output power than in
voltage. The output power can be calculated from the
voltage il' the load resistance is known (Milliwatts=

(Volis)*
Thousands of ohms

). The effective resistance of a loud

Fiz 106. Circule of unit for adding to multi-range test set to convert it Into an output
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speaker is somewhat uncertain and variable, so unless a
mere relative indication is needed it is better (o substitute a
known artificial load matched 1o the valve. The value
of having a load resistance adjustable over a wide range,
Irom about 2 1o 20,000 ohrs, cannot be stressed too much.
Uufortunately il the output meter consisted merely of a
voltmeter across a variable resistance the milliwatt scale
would have to be different for every value of resistance
provided, which would be impracticable if a really useful
selection were provided ; or the power would have to be
derived by calculation cach time, the voltmeter resistanee
being duly taken into account. So the output meter
consists ol an output transformer with a fixed secondary
winding across which the voltmeter and additional load
resistance arc connccted, and a large number of primary
tappings lor matching. To ensure satisfactory trans-
former characteristics on all taps and at all audio fre-
quencics, special compensating networks are used in the
better instruments, which with multi-range switches are
quite complex, but enormously uscful.

159. An Output- Although such a good standard of
measuring accuracy at all resistances and fre-
Adapter quencies is not given, a relatively
simple accessory lor attaching to a

rectifier-type A.C. voltmeter is a great improvement on the
single-resistance output meter 3 and Fig. 106 shows a circuit
based on the Universal Avominor.  ‘I'he multi-range trans-
former is specially made by Sound Sales Lad, for the purposc.
The selection of seven low and seven high resistance ratios

is enough to enable output characteristics to be plotted.
The average loss duc 1o the transformer is 1 db., increasing
somewhat above 6,000 cfs. The secondary winding is
designed for the resistance of the Avominor at its lowest
range—2,000 chms, On the other ranges the resistance is
higher, so extra shunt resistors are needed to maintain the
load constant. The meter teads as low as o-1 milliwatt ;
and, as 3,000 milliwatts is about as high as is needed in
most work, only the first Unee ranges of the Avominor are
utilised. It should be noted that on the 5-volt 1ange the
resivtance of the meter rises much above 2,000 ohms at
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small deflections, so tests in which this matters should be
run at not less than 3 mW. The tansformer, resistors,
and range switches can be built into any Lompac! lorm that
suits the expetimenter. The resistors call for some
comment, though. They should be non-inductive, and
the composition Lype is good enough if sclected and checked
for correct resistance within a few per cent.  The 2,1000
one has to dissipate up to 5 watts, so il may he necessary
“Lo use several of lower rating connccted in series o paralicl,
An alternative is to use the wirc-on-mica type described
in Sec. 6. To make the imtrument read power directly
without interfering with the existing scale one can cut u
piecc of stiff Bristol board into a shape to fit snugly over the
glass without sliding ahout, A curved slot is cut to reveal
the position of the pointer over the whole of its movement,
and the milliwall scales marked ahove and below.  Fig. 107
is uselul for deriving the milliwatt scales [rom the valt scales.
e decibel poteatial divider, No. 8 on the list, useful fo
amplification measurements and other purposes, can e
made up according to the specification in Sec. 141, or a
modification” of it as required.  Apart from the necessity
for reasonably non-reactive resistors, this item calls for no
special commnient.
Lastly in the list, the bridge. 1{ inductance is lefi out
of acconnt, there is no doubt that the polentiometer ratio
arm type described in Sec. rzg i the
160. Choice of  most practical and uscful where great
a Bridge aceuracy is not demanded, and it is
casy either to buy or make. Induc-
tance is the difficulty.  Ii strictly practical methods are not
insisted upon, radio-frequency coils can be measmed at
R.F. by the dynatron wnit (Sec. 1g0), and AF. coils with
the valve voltmeter and resistance box (Se
this is considered {o involve too much setting-up of apparatus
and working-uut of results, the alternative is a bridge.  The
Owen bridge is perhaps the most practicable where great
expense cammot be lavished on tlus department.  An in-

ductometer bridge is delightful il means can be found ol

acquiring one. The construction of bridyes covering most
of the ranges in R, C & L is dealt with in the Appendix
208
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Andfinally, ifone wants togetresults, wilhoulhdvingtobnlhex
about planning the appatains, and there is enough work to
be done to justify the cost, the Marconi-Ekco Universal
bridge (Sec. 124) should be given due consideration.

That completes our present review of the sort of
cquipment that is most practical for gencral purposes ;
there is endless scope for individual
161. Devising  ingenuily in adapting such means as
Special Apparatus arc available ta meet the task in hand.
The more one follows the line of
original 1esearch the more it becomes necessary to devise
special instruments for carrying it on. The heen experi-
menter should take cvery opportunity of studying the
scientific papers and experiments of expericneed workers,
noting the ways in which investigations of great beautly
and precision are sometimes made with very simple means.
Many of the fundamental laws of electricity were established
in this way. The work has become so highly dexeloped
that nowadays very great instrumental resources are
necessary 1o carry on much of it, but simple methods
directed by genius are not yet ineffective.
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Before going on to consider methods of tackling specific
problems, it may be well to cmphasise once again the
importance of system. In setting up what may perhaps
be an elaborate assembly of apparatus for certain tests,
the result of hurrying over the pre-
162.  Preparation parations (o get down to the work
for an Experiment itsclf is likcly to be the same as that of’
rushing straight into an cxamination
paper without calmly pausing 1o study the questions—
misdirected encrgy and irrelevant answers. Do the
readings that it is proposed to take really supply the
required jnformation ? Js the apparatus arranged so that
they can he taken with the minimum alterations and
adjustments, such as arc liable to introduce errors ? The
business of thinking out and arranging the apparatus
should be separated as far as possible from the business
of using il, so that one can concentrate on cach in turn.
If much work or thought are required to bring certain
apparatus into use thete is a tendency not to bother to
malke the measurement at all. - Incon-
163. Importance ienicnt instruments are simply not
of Handiness used.  On the contrary, if instruments
of Instruments are chosen and arranged to be really
handy, it is casy to develop the habit
of checking everything and thus avoiding much subscquent
loss of time and perplexity.  'The author found that he
was getting into a habit of using one particular meter in
preference to others, not entirely because it included a
particularly useful selection of ranges but just because i
happened lo be fitted wilh clip leads, thus requiring less offort
to pick up and apply thau those other instruments for
which one had to look abont for a pair of leads and connect
to terminals. Incidentally, it is casicr to see what one is
doing and harder to make mistakes with a plug-in system
of ringe-changing than with switches, Too much
emphasis cannot be laid on the value of a good stock of
crocodile clip leads, preferably painted with some sort of
enamel to minimise risk of short circuits. In some
laboratories one knows, whenever anything is taken in
Lo be examined there is a search for wietched bits of wire
210
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to twist around soldering tags, giving thoroughly unreliable
connections everywhere.
Then the lay-out of the apparatus is often important.
There arc some connccting leads that could be taken
round the town and back without
164, Layout impairing results, and others where
of Apparatus every inch is vital. In an experi-
ment* carried out by the author the
standard of impedance used was an inch or so of wire !
By giving thought to the placing of the instruments the
leads likely to cause stray couplings or undcsired distributed
impedances are reduced to a minimum, and so arc couplings
hetween such coils as it may not be possible to screen
effectively. Some parts of the circuil ought, perhaps, 1o
be kept as far away from material substances as possible,
or from other parts in whicli currents of the same frequency
but a very different power level are flowing.
It is very important to be fully aware of what js inside
each built-up unit. Failure to do (his may result in
short-circuits  (becausc  terminals
165. Need for thought to be wunconnected are

Observing “ commoned ”  or earthed), or
Restrictions in  omission of connections (because ter-
Applicability minals thought to be linked are
of Apparatus actually unconnected), or overioading

some Instrument, or exceeding the

conditions within which calibration holds good. I'or
example, an output meter, sold to keep within 2 small
limit of error, may be subject to much larger evrors
it an excessive standing current is passed thiough
the transformer. Or a circuit may be effectively by-
passed for a certain range of frequency, and crror caused
by using it outside this range; or the stray reactances
may be greater than is allowable for the work intended.
These risks are greatest with apparatus of neat  com-
meicial 7 appcarance, in which the convenicnce of
operation and the engraved wording may deceive one into
thinking it must give the correct results regardless of the
many assumptions that are tacit unless a detailed book of
* ““ Fixed Condensers for 5-metre Work *, Wireless World, Seprember agth, 1933 .
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conditions and exceptions is provided and consulted. A
breadboard is at least easy to follow, and a sizzling coil
is sooner spotted than if it is in a substantiul mahogany
cabinel. All apparatus, particularly of the more
specialised types, should have a cirenit diagram and a
summary of conditions of use pasted in or on it.
Some technicians seem Lo consider it smart to affect a
contempt for clectric shock, One wonders how many of
the fataliics are pure accidents and
166. Persomal  how many arisc fram carelcssncss.
Risks Sometimes a shock of thousands of
volls causes only minor discomfort,
and sometimes a hundred volts o1 even less is fatal.  Even
an ordinary domestic receiver gives 1,000 volts peak actoss
its HT. transformer secondary, It is difficult to get a
dangerous shock when standing on an insulating mat with
one hand in the pocket, even when poking about aniong
high tension apparatus ; nat that it is wise to do so in any
circumstances, bnt the one-hand habit is a prudent one
to acquire. The worst that can happen when the current
is confined to one fimb is blood-possoning due to netal
gelling into the burn at the region of contact. A 1,000-volt
shock [rom finger 1o finger, the worst that the writer has
suffered to date, produced an appreciable metal stain.
Serious petsonal hartm is fortunately rare, but the
involuntary jerk resulting from even a slight © pachet
often damages some delicate instin-

167.  Avoiding ment or causes shori-circuits.  This
Damage to is only onc of very many possible
Instruments causes of damage to apparatus. It

is so very easy to ruin a valualle
instrument by a moment’s inattention or lack of foresight ;
and when a whole assembly of them is being used in one
experiment it is like sailing ou a dark night thiough a
muneficld. It is possible to do damage without being
aware of it 5 for cxample, in the preoccupation of carrying
out a series of readings onc may not realise that the current
passing through a decade resistance box has risen so high
as to produce a permanent loss of accuracy. Tt is therefore
particularly important that the standards which are

2
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ultimately relied upon and which there may be no means
of checking are exposed as little as possible to such risk:
Though an instrument may appear to have recovered
from an overload, one always has uncomfortable doubts
about the accuracy. Thermocouple mieters arc the most
vulnerable to comparatively small overloads, and replace-
ment and recalibration is expensive. Protective devices
for melers hiave been given a good deal of attention lately,
Irat the presence of fuses or cut-outs should not be made
an excuse for carelessness. In this book strong preference
is given to insiruments aad methods that relieve one of
all anxiety concerning safely. An example of a method
that is #0f recommended is the measurement of the Icakage
of a condenser by connecting it in series with a delicate
microammeter and a high voltage. Even if one takes the
essential precaution of short-circuiting the microammeter
until the charging current has passed, the certainty of its
demisc in the event of condenser breakdown puts the
method out of consideration.  Sometimes accidental short-
circuits do the damage ; sometimes open-circuits, as when
the bias comes off the grid of a valve in the anode circuit
of which is a dclicate instrument with the standing current
carcfully balanced out. ‘These balances are cspecially risky.
The method of resistance measurement recommended in
Sec. 62 has the great merit that although a sensitive in-
strument is used, no resistance from zero to infinity
inclusive can drive it off the scale on any ol its ranges.
The same applies to the author’s slide-back valve voluneter.
When such fool-proof devices cannot be used, make a
calculation heforehand of the maximum curvent that can
flow anywhere it might do harm (the chart referred to in
Sec. 277 facililates this) ; make all connections secure ;
avoid exposed leads or connections that might fall or be
drawn into contact ; and before operating switches make
quite certain that they are going to do what you expect. It
is an excellent habit toleave allmulti-range metersconnected
for the highest volt range when they are not otheruise being
used. “Lhis should be done immediately after a reading is
taken, even if'it is wanted again in half a minute. Tvmight
happen ta be wanted 1o read volts instead of milliamps |
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CHAPTER 8
MEASUREMENTS: COMPONENTS

T is regretted that an enlirely logical arrangement of
I this chapter has not been found possible.  Grouping
all methods of mcasuring each quantity under its own
heading would make reference casier, but would necessitate
repeating whole pages devoted to the
168. Arrangement technique of measuring, say, in-
of this Chapter  ductance, in other scctions such as
capacitance, where the pracedure is
sotmetimes very similar, Also it is more in accordance
with reality to treat all tests relating to ane component
in the samc scction instcad of scattering themn here and
there according to the characteristic measured.  But here
again such questions arise as whether measurement of
inter-electrode capacitances of valves should appear under
“ Uondensers ” or ©* Valves ”.  Actually it*appears under
“ Dynatron Measurements ”, where are included tests on
a number of components that are given separate headings.
So these headings must be very broadly interpreted, and
full use made of the index.

Resistors

For checking the correctness of resistors within a few
per cent. the direct-reading scales generally included in
multi-range test scts are the mast
convenient, ‘The usual procedure is
to short-circuit the © X7 terminals
(as the terminals or clips to which
the component to be mecasured will hereafter be known)
and manipulate the adjustment provided until the instru-
ment reads zero ohms, and then connect the resistor and
take the reading. For more accurale results some meters
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ate provided with fwo preliminary adjusunents, one lor
compensating for the battery voltage, and the other for
its internal resistance.  The highest resistance that can be
mcasured can be increased by using an external battery.

RESISTANGE LARGE

Fig. 108, Scheme
for measuring low
resistances

Rx

The multi-range instrument described in Sec. 62 is the
most convenient for the low values [or which the ordinary
test sct does not provide; but
essentially the same method can be
adopted with any milliammeter or
ammeter whose resistance is known
(Fig. 108). A deflectian, I,. prelerably at or near full-
scale, is produced by a current from any source whose
resistance is at least a hundred times that of the meter, Ry
‘I'he unknown resistance Ry is then shunted across the
meter and the deflection 1, read.

Then

170. Low
Resistances

1
Ry = Ry (1 &

T'he greatest accuracy is when the connection of Ry
halves the deflection, L.e., when Ry = Ry Infinity corres-
ponds to the initial deflection and zera to zero deflection,
whatcver the range ; so the method is particularly good
when uncertain resistances such as switch contacts are to
be measured. Another advantage for this purpesc is that
the test is made at very low voltage, and shows up poot
contacts that might be broken down by a higher test
voltage. For comparing switches there is 1o need (o know
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Ry accurately. The value can usually be learnt on
applying Lo the makers.
no ohmmeter is available, a voltmeter can be used
for measuring resistances of a medium or high order in a
manner rathetr similar to that just
I71. Resistance  described, except that the resistance
Measurement is connected in series with the meter,
by Voltmeter and the resistance of the supply must
be smafl compared with that of the
meter (Fig. 109). Then

Ry == Ry (V‘

——

Va

Fig. 109 - Measure-
ment of resistance
¥ voltmeter

— Ve

As in most voltmeters the oluns-per-volt (full scale) is
specified, there is not likely to be much difficulty about Ry,
For measuring very high resistances, such as insulation,
the “ Megger ™ or one of its offspring made by Messrs,
Evershed and Vignoles is the generally

172, High accepted instrument (sec Sec. 63).
Resistances Some models arc suitable for measur-
ing  condenser insulation, The

alternative, of using a sensitive meter to measure (he
current passed through Ry by a high voltage, ought only
to be used with suitable precautions, such as a sufficienty
high added tesistance in series (o proteet the instrument
in the event of total breakdown of Rx. A higli-reading
high-resistance voltmeter, say one of 1,000 chms per volt
and 500 volts full-scale, reads approximately 1 per cent.
fullscale through 5o megohms when full-scale voltage is
applied, and so dctects a leakage of this order, but can
216
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hardly be said to measure it.  Various ncon tube and
valve devices have been evelved for such measurcments
(e.g the G. R. Co. 437-A megohmmeter, scaled up to
50,000 megohms).
A simple and convenient device, primarily intended
for meastring the leakage of condensers but applicable ta
other high resistances, i shown in
173. Condenser Fig. 110. Almost auy ordinary valve
Leakage can be used, and the grid bias is
chosen so that with the switch closed
the pointer of the meter comes to a mark not much above
sero on the scale,  'The condenser under test, meanwhile,
is charged by boih anode and grid voltages through the
safety resistance R, which may be about 50,000 2. When
the switch is opened the condenser discharges through its
own leakage ; the grid potential rises ; and so does the
anode current. The time taken for the peinter 1o rcach
a sccond mark is noted and when multiplied by a certain
coustant it gives megohm-microfarads. For example, il
ittakes 6 seconds, if the constant is 100, and the condenser
is 01 ul, ity leakage is 6,000 MQ.

high resistances

Thelcakage to +H.T.
of the part of the circuit
indicated by heavy lines
is in parallel, and is the
limiting {actor as1cgards
the resistance that can
he measured. 1l neces-
sary the valve must be selected for low leakage, and perhaps
decapped. Quite an ordinary valve with bakelite base
was found to have a leakage of the order of 50,000 MQ
in dry weather. It can be measured by connecting an
exceptionally good condenser and comparing the rate of
leakage in the ordinary way (resistance R,) with that (R,)
when the condenser is disconnected and the reading taken

ut 217
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by making the connection on the grid side momentarily
after a lapse of time.  Knowing the total resistance under
both conditions, the apparatus resistance R,; can be
calculated :—

v RR,

R =R, R,

In the same way a high resistance other than that of a
condenser can be measured by connceting it in parallel
with a known condenser.  But it should be realised that
the measured leakage of most condensers varics for some
time after application of the charging voltage, so the test
should he repeated uniil consistent results aie obtained.

Condensers smaller than about o-005 uF discharge so
quickly that they may be diflicult to measure unless their
leakage and that of the apparatuy are exceptionally small.

TFor most purposes it is enough 1o see whether the
pointer flicks rapidly across the scale, moves at a pace
that is casily followed, or remains almost stationary ;
corresponding to bad, average, and esceptionally good
condenvers respectively.  But the actual value of RC:
can be derived from the formula for the dischmige of a
condenser:—

RC=— ¢

29) o
|
where ¢ is the time in seconds Lo discharge from V1 to V,
!

H2: i X in
i 13 3 pure

v,x\ ’/vr‘.

R

Fig. 111 : Simple nean-lamp mpedance checke
218
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Suppose the anode voltage is 100, and the grid bias
corresponding to the first mark on the scale is 10, and (o
the second 5. Then V, — 110 and V,— 105, and
RC — 215 £, Having got so far, onc would calculate the
second mark to make the constant a round 20, It is a
good thing to have alternative second marks so as (o
provide ranges suitable for Jow and high leakages.

The valve veltmeter described in Scc. 67 includes pro-
vision for this form ot lcakage test.

The most accurate measurements ol 1esivtance over a
wide range are those performed with a bridge (Secs. 10g-10),

and il the bridge is suitably designed

174. Other it is available for measurements with
Resistance A.C.as well as 1.C. Although bridges
Measurements can be uscd at adio frequencies, the

technique necessary puts them in a
specialised field : the system chiefly considered here will
be the dynatron (Sec. 185). The same method serves for
measuring the reactance of resistors at any frequency
with which one is concerned.

Condensers
ome multi-range test sets have capacitance scales.
which are calibrated for use with the 50 c/s mains as source
and enable components to be checked

175. Simple more or less approximately. A rough
Capacitance component  checker can casily be
Testers made, using a ncon tube as indicator

(Fig. 111).  The 50 ¢/s mains are used
as_source, and denoting the peak voltage by Vs, the
* striking ”* voltage of the tube by Vi, and the vollage across
the condenser by Vv, the thiee may be represented hy a
right-angled (riangle as in Fig. 112, assuming the loss
factor* of the condenser to be zero. Vg is known—it s
s the term poer Jucor (c0s 6 07 K12) suggests somethin ttar oue devy
make as large as possible (as indeed anc does in electrical power d\svnlmuon
SYateme), it 1t DroBused That i Lomneclion with such things T condensers an
wmng conls. 1he oens foss /rxrlw (xomtumz! called dissgpretion factor} be uSC\l [trs
more contement to define it as R/X » but unless losses ae abnor I|y larg,
RiZ and R X are pracieally the smu (n fow-luss urc\lnzt @18 ncut Iv\) und m
16500~ 6, callod 1l s angler & 13 sometines spenhed. "Ehe los factor i an
& and when il s practicatly egual tn § 1 radians.
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4/2 x the R.M.S. mains voltage—and Vi is about 160 with
the usual “ beehive * or similar type of tube fitted foi
lighting socket. The reactance of the condenser, Xo, when
R is adjusted so that the tube just lights, is

R Vy

™

So it is possible to work out the values of R that cause the
tube to light when any given condenser is connected.
his is perhaps most uscful for checking that condensers
come within certain limits, as might be nceded in a Test
Room. Assuming that the mains are 200 volts and Vi
is 150, values of R at which the tube would lght, but be
cxtinguished by (he next lower R, work out like this :—

R | Gin gl
2 Me | aoor1-ow002
1 MQ | 0-002-0-004
005 MQ | 0-004-0-008
and so on, down to
1,000 §) 2-4
5000 | over ¢

Lower values of R are not recommended, as they would
pass an excessive current, and condensers (other than
electrolylic, which caimot he tesled with this circuit),
scldom exceed 4 uF. s it is, one has to take cace not to
get a shock from the * X » terminals.
The foregoing devices do not measure capacitance as
such, hut only impedance : aud so cannol distinguish
between a condenser, a tesistor, and
a choke, #t of capacitance,
as distinguished [rom rough checking,
is hest done with some sort of hridge,
of which ilere is a greal variely ranging from cheap
portable instrutnents Lo equipment of great precision and,
of course, cost. No condemser is pure capacitance, but
some simple lorms of biidge hopefully assume (hat it is
220
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near enough for the resistance, or loss factor, (o be ignored ;
others make provision for the resistive component to be
balanced out but not (o be measired quantitatively ; and
others again provide for more ot less precise measurement
ol loss factor. Often the loss factor may he a matter of
greater interest than the capacitance.

The very simple form of bridge shown in lig. 113 is
in the first class men-
tioned.  When  the
capacitance is small
the eflects of stray
capacitance have to be
considered. Preferably
the ratio arms are
equal, but as that
means having a large
continuously variable
condenser, it is more

~

Fig. 113 (fefe) The simplest <apacr-
Gy wance bridae, In which no account s
e of the festive properiies of the

Cs

~

Fig. 114 ) Capacmance
bridge with phasing control to
obtain sharper balance by equal

¢ loss factors of the ton-

usualfor simple bridges
to use a polentiometer
as the ratio arms (Sec.
125). Although phones
are shown, they will
he understood to re-
present any form of
detector. AL balanee
o Gy g Pre e
quency docs not entet into this equation,
uf 221
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Fig. 114 shows a simple bridge with provision for
baiancing the resistive component. (it is doue as shown
(with a potentiometer), and R;=R.
that thc number of ohms over which the slider moves is
effectively doubled because it is not only cut out of one
arm but'is put into the other. Condensers of the same
capacitance may he compared for resistance by substituting
one for the other at the X 7 terminals ; the nearer the
slider is to these terminals at balance, the greater the
vesistance of the condenser wnder test,

Calculation of (he actual resistince—or, more in-
formatively, the loss factor—depeuds on whether or not

the resistance of the standard may be
177. Measurement neglected.  Assuming that it is a good
of Loss Factor air or mica condenser, and that the

losses in the unknown are cxpected
to be relatively large :—

R . 9
Cy =0, Rf o with equal ratio anms Gy = €,

R . .
Ry —r, R:‘ — 1, or, with equal ratic arms, Ry = r, — 1,

And as the loss factor Fis the ratio ol resistance to reactance,
or Ry wiit can he culeulated.

Note that the frequency, /, ( %r) enters into this, so a
source of definite known frequency must be wed for the
bridge

For convenicace one should adapt the formule relating
to any general method until it suits onc’s own particolar
apparatus.  For example, the general lormule for loss
factor derived from the above, even il the foss factor of the

R
standard is neglected, is F = ol <,,7 —Rf)A But if,
s

for exawple, the particular bridge has equal 1300 ams, i
run at 8oo ¢ s, and the resistance is adjusted entirely on the
m

it must be remembered”
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standard side, then the formula can be simplified to
Gyry

<1 =20 pereent., Cs being in piF.

It is of cowse essential that r, should itself he non-
reactive ; and for really uccurate work there are other
requirements, tor details of which Haguc* should be
consulted.  An alternative adjustment for Joss factor is
by means of a variable condenscr actass the ratio anm
opposite the ** X arm, as in the Schering bridge (Mig. 115).
One advantage of this is that if the source and detector
are interchanged (as they may be in nearly all hridges),
and the junction of the ratio arms is earthed, adjustment
of C, can be made quite safely even when very high
voltages are applicd to Ciy, and for this reason (he method
is very important in cable and insulator testing,

1t is a Diidge well worth consideting for accurate
measurements of condenser losses.  Full descriptions aie
given in larger books ; the cquations are very simple : —

G -G R
€

Re = S

v =k

F — oGk,

The cffcct of stray
capaumnccs across the
ratio  arms  can  be
ignored il the arms are
cqual and if the difference
in C,, duc to the
presence of R, as com-
pared  with @ P 18: The scher.
condenser having {38, Prige, pres
negligible re-  mewnng the lo
sistance, 3s taken

Ce

* hee See. 11,
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The usual method of comparing or measuring the loss
factor of malerials, such as paper, bakelite, etc., is (o cut
a sample in the form of a flat sheet
178. Loss Factor and hold it between a pair of metal
of Materials plates in such a way as to exclude
Air gaps as far as possible. ‘I'o ensure
this, mercury is recommended as the metal. Assuming
that substantially the whole of the losses in the rudimentary
condcenser thus formed are due to the diclectric material,
the loss factor of the condenscr may he regarded as the
loss factor of the material. The loss factor is not the same
at all frequencies (though dielectric loss is far more constant
than the resistance), but tests made, say, at audio fre-
quencics generally give some idea of how the same materials
compare at radio frequencics. To make accurate quanti-
tative measurements, the technique has to be far morc
elaborate, in order to minimise contact and fringe crrors.
Obriously it is casier to measure thin shects of 10 sq. ins.
and upwards in area than small, thick chunks; if the
capacitance of the sample is very small it is diflicult
to distinguish it from stray capacitance through other
dielectrics,

Small capacitances such as thesc qualify very em-
phatically for the difference method of measurement
{Sec. 97). 'The unknown is connected in parallel with
the standard (balanced against any convenicnt candenser
which need not be calibrated) and the amount by which

the standard has to be reduced to restore balance is of

course a measure of Cy. The amount, r,, by which the
resistance in series with the standard must be altered is
not a measure of Rx.

x
wliere C, is the constant capacitance of the arm, i.e., the
capaciiance of the standard before Cy is connected.

- o on Ce®
Pherefore g @458

TS )
and il the same o and Gg are used for all tests the formula
can be further simplified.

24
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If the dimensions of the sample are known, the dieleciric
constant can be measured at the same tlmc, it is the
ratio between the capacitance with the dielectric in
position to thal with air only, or it can be calculated lrom

K=" 3 1€ there C s the capacitance in pglt, T the

lhlckness in ems. and A the area in sq. cms.
Unless a bridge of rcally good quality is availabie, it
is better to measure small capacitances (below about
1,000 pk) and their loss factors at radio frequencies by
means ol the dynauon, as will be described in Sces. 180-8.
Quite apart from convenience, il is better that condensers
and materials should be tested at the working frequency.
There are various ways in which a capacitance much
larger than the standard can be measured. One is to
connect it in series with some con-

179. Large denser that can be measured directly.
Capacitances If €, is the capacitance of this
condenscr by itsell; and C, with Cyg

T R TuBE

in series, then

= 2 C.
R LT C,

Fig 116 Merhod of
testing elecerolytic and
other - igh-capaciance
condensers by e

In other methods a ™
capacitance in parallel
with a resistance is
balanced against one
in scries, and usc made
of the appropriate
circuit equation. This
will  be  referred  to
again in Sce. 19g. A disadvantage i that the balance
depends on fiequency, so a pure wavelonn is essential

A method of measurcment particularly suitable tos
large capacitances utilises the cathode way tube, Fig. t16

25
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shows the counections. The 50 cfs mains may con-
veniently be used as the A.C. source, and if the condenser is
clectrolytic a battery or other Z.F. source B exceeding the
peak alternating voltage, must be included. Tt may he
desirable to measure the leakage current at the same time ;
M is a multi-range—or better still, a rectifier-shunted—
milliammeter which ought to be short-circuited when the
capacitance test is being made. The deflection-plate
condenser and leak are necessary for electrolytics, to
prevent the battery {rom deflecting the ray ofl' the centre
of the screen. Lhe ohjection to connecting the battery
directly in series with (he condenser acioss its pairs of
deflection plates is that its resistance may not be negligible.
The resistance R is adjusted until the deflection due to it is
equal to that due to Cix. Actually in most tubes the deflec-
tion sensitivities of the two pairs of plates are not quite
equal, and this must he allowed for ; but disregarding this
correction, and assuming the A.C source is frce from
harmonics, a perfect condenser would show a perfect circle on
the sereen, and as resistance and reactance would he equal

Assuming the source is 50 ¢/s, here are a few representative
values :—

Cy ‘ R

1 pF ! 3183 Q

8uF 308 Q
25k | 127Q
100 pF | 31.3Q

Fig. 117: Analysis of the
CFode ray b Hyore for
calculating ihe phase angle of

11 the loss factor of Cy is very bad it causes an appreciable
departure (rom the circular form ; the dimensions A and B
(Kig. 117) enable the phase nngle and hence the loss lactor
10 e calculated, for sin ¢ — BJA.
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The loss factor is therelore
}\/*AA‘%
=) =

(v)
Only very gross loss is measurable i this way ; it is possible
to modily the method by using a good condenser instead
of R, sa that the resistive component of Cy is shown up by a
departure of the figure from a diagonal straight linc, but
complications arise in supplying the polarizing voltage to
leaky electrolytics. A better method is the bridge shown
in Tig. 78, for in practice no polarising voltage is
necessary, and the resistance of the condenser under test is
given by the resistance in the standard arm multiplied by
the scale factor. Resistance of an electrolytic condenser,
being fairly constant with ftequency, is better to measure
than the loss factor,

Dynatron Measurements

It is appropriate at this stage to describe in some detail

the use of the dynatron oscillator, as measurement of bothy

condensers and coils are included.
180. Principles  As already mentioned, the dynatron
of Application does all the tests that an oscillator

of the mote usual feedback type will
do (ultra-high frequencies excepted), and many others ;
and although R.F. measurements will be particularly
described, it is applicable at A.F. too. The principles
of the dynatron wete discussed in the last chapter, and
will now be assumed.

Every impedance, however complex, can be represented
at any one frequency as a pure resistance and a pure reactance,
either positive (inductive) or negative {capacitive). Ttisa
matter of convenience whether they are reckoned as being
in series or parallel ; formulz arc given in Chapter 12,
(Sec. 290} for changing from one to the other, 1fthe actual
arrangement of the clectrical quantities in the circuit is
known, it is possible (but somelimes excessively laborious)
to calculate the impedance of the whole at any other
frequency, as also illustrated in Chapter 12, When the
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system is very complex, lor example if it cannot be regarded
cither as * lumps * of resistance and reactance or of uni-
form disuibutions of them, the only practicable way ol
finding out is actually to measure them at all the fre-
quencies concerned, and, if desired, to express the results
in the form of cmves. Generally it is necessary to plot
the points very closcly together or sharp peaks or dips may
e missed.

Tt has heen shown how one of these quantities—resis-
tance—determines the amount ol negative resistance that a
dynatron wust be adjusted te give in order to maintain
oscillation ; it is casy to detect the starting and stoppage
points of oscillation by means of a suitable receiver, and so
the negative resistance adjustment—usually grid hias—can
be calibrated in terms of that guantity, or alternatively it
can be measured on the spot by means of the negative-
resistance bridge (Sec. 187). The other fundamental
quantity—reactance—alfects the frequency, which also
can he ohserved to any desired precision. An increased
frequency shows a decreased total rcactance, such as would
be caused by an inductance in parallel or a capacitance in
series with the oscillatory circuit ; and vice versa.

As equality is an easier condition to observe accurately
than a specified change, the usual object is to work on the
substitution plan, compensating for the introduction of the
unknown by an equal and oppesite amount of the standard,
and 50 keeping the observed frequency constant. The two
chief cases are (1) the cireuit being mvestigated is also the
main oscillatory circuit, or (2) it s connected in parallel
with another oscillatory ciicuil.

s an example of the sccend of these the measurement

of a R.F., choke will now be considered.  The ideal R.F.

choke is effectively an infinite im-

181. An Example pedance. In praclice a good one

of Dynatron Test approaches this ideal very closely.

The writer once devoted a lot ol

tme to the design of such a choke, and succeeded in pro-

ducing one equivalent over a very wide band of frequencies

Lo a resistance of over a megohm shunied by a capacitance

of about 1 wuF or less. It is common for the average
28
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values in commercial chokes o be under a quarter of a

megohm and over 8 pupF, and at catain frequencies for

such results as 10,000 © and 25 uuF to occur ! The effects,

as regards damping and mistuning, on a tuned circuit with

which the choke is virtually in parallel can be imagined.

Measurement of a choke al frequencies other than those

at which it is intended (o work are

Xg unable to give the required in-

lormation. Mecasurement by dyn-

atron fulfils all the conditions that

on  have been laid down as desirable in
any method (Sces, 20-1).

mecewver
{E)

Fig 118: Apparatus used

foy measaring the resis-

FaEQUENGY - Ganet ang reactance 3¢

Coatiannren Working frequen st of 3

osGILiATOR R e, CH. Thes Is

typicat of many measure-

(TEEE) Thencs that can be made

"The dynatron apparatus itsclf has been described in
detail (Secs. 148-153) so nced not be repeated in theorctical
diagrams. All that it is necessary (o show is the “ X
terminals (Fig. 118). ‘'the lerminal on the supply side is
distinguished by “ £ denoting * carthy 7. The othet
one should of course be close to the anode and joined to it
by a short straight link ; or may even consist of the valve
top terminal itself, I'he four components shown should
also be connected as direcily as possible in order to put
them all effectually in parallel, with no appreciable lead
induetances intervening. 1t is desirable for clips lo be
provided so that the choke Ch can be clipped in and out
withont any alteration 1o the circuit other than its presence
or absence. Of course it is necessary for the leads to be
long enough to prevent Ch from heing affected by proximity
to any other components, particularly L, which may be
screened provided that this is not incompatible with low
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R, resistance ol the oscillatoty circuit as o whole.
Generally L will be one of a set of low-loss plug-in coils
covering all the oseful wavebands. C is the main tuning
condenser, required to tune 1, to approximately the desired
frequency. It nced not be calibrated. G, is a condenser of
aboui 25 puF maximum.
If €, is not already calibrated, the apparatus can be
used to do so, provided that the inductance L is known.
For this purpose C should preferably
182. Calibration be large compared with C,. The

of Small dynatron oscillator is synchronised
Standard Variable with a calibrated oscillator (or wave-
Condenser meter) by the beal note method (Sec,

135). Call the frequency with C, at
zera f. Any setting of the small condenser can be marked
as zero ; for the present purposc it is convenient to make
it about hall the maximum capacitance so as lo read
increase and decrcase as positive and negative. Now
alter the setting of €, until an audible beat note is pro-
duced, of a frequency /' that can be comparcd with some
standard. Then move the condenser the other way until
the same heat note is produced the other side af zero,
shifting the frequency by an amount 2 f'. The corres
ponding change in capacitance, ¢, is

¢ = o ( r
3 = 20 o 1
(r=f )
but as C is the whole capacitance of the circuit prior to the
adjustment of the small condenser, and is therefore un-
known even it the condenser C i calibrated, it is more
useful to have the formula in terms of L :—
ey ]
L=/
in which the units are pH, puf, and kefs. The wave
meter fiequency is then brought to give /" ance more on
the far side of zero beat, and the process is repeated several
times, giving a number of closely-spaced points for drawing
a calibration curve of C,.
As £ is gencrally less than 1 per cent. of £, and therefore
230
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practically negligible in comparison with it, the formula
simplifies to

10
L
with the same units as before, and it need not be worked
out afresh each time i C, is small compared with C, and
equal 2 £ steps are taken, as fcan he regarded as practically
constani.
This_method, incidentally, is the most accurate for
measuring very small capacitances. For example, suppose
s 1000 kefs and Lis 250 ull; if /7
183. Measurement is 50 cjs, the corrcsponding (' is
of Very Small 002 ppl. The object of tuning from
Capacitances J + /"o f — f rather than f (zero
beat) is that there is always a tendency
for even loosely coupled oscillators o pull in t6 syn-
chronism ; allernatively one can observe the change from,
say 250 to 300 cfs, as may very precisely be donc by a
cathode-ray tube with one pair of plates supplied from the
50 ¢/s mains.
Larger capacitances, of the order of 10 uuF, may be
measured by comparison with the variable condenser just
calibrated. This is what is done with
184. Measurement our R.F. choke. It is clipped in
of Reactance position, and alters the frequency of
Generally oscillation, as observed by the re-
ceiver. It will also probably ol n
dscillating altogether until the grid bias is readjusted ;
it must be re-emphasised that the dynatron must always
be set to the only-just-oscillating condition, and that this
can be done satisfactorily only when the anode voltage
is adjusted to a point on the curve where there is no
backlash (Fig. g4). The frequency is brought back again
by adjustment of C,, and the capacitance chaunge read ofl.
At frequencies above the natural resonant frequency a
choke, or any other coil, is effectively a capacitance, and
necessitates a reduction in C,. At its resonant frequency
il is a pure resistance and there is no frequency shift to be
compensated.  Below its resonance it is an inductance,
34
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which is cquivalent to a negative capacitance, and C,
must be increased, Any capacitance can be represented
by a negative inductance, and vice versa, but the equiva-
lence holds good numerically at only one [requency.
’ | 1
L —gand C -
2nf. Thus, il the frequency is known, L. can he measured
in terms of €. Bul one cannot measure the #rue inductance
of a coil in this way, because any actual coil is mixed up
with internal capacitance, and so would give a different
answer at every frequency.
The reactance, positive or negative, of the choke has
been found. To find the effective resistance at any
frequency, it must be compared with

where o as usual is

185. R.F. known resistances. A continuously-
Resistance by ariable calibrated high-frequency re-
Comparison sistor [ram ahout v-o1 to 5 Mg is not

obtainable, so it is necessary (o clip
in a number of mcasured grid leaks, which are fairly
reliuble up to a few Mcys. By connecting in turn values of
0701, 0025, 005, 0'1, etc., megohms, calibration cutves
can be drawn as in Fig. t1g, rchlmg added shunt resistance
to critical grid bias, and from these the approximate
resistive component of the choke’s impedance determined,
al any rate approximately, by obscrving the critical grid
bias with the choke connceted.

el
Fig. 119: Calibration e —]
curve of critical g = |
for 3 dynacren |
ocllator when various =
veatsiances are shun l ox et
ccross the esdllscory £ — —
Circure. Wich the help 3 [T [
of thid, unknown 2 g o5 30 Bt
Sscances | can . be 3
deter- & I |
mined ac any frequency s [Ty
sncluded in che calibra- ot
tion T T 1
| 005 MO L
7o [ R T TR
FrequENcY
m

MEASUREMENTS : COMPONENTS

The same mnethod is followed in measuring the losses i
condensers, coils, insulating materials, ete. It is most
informative to analyse the circuits of a receiver in this way,
counecting or removing cach item in turn.  One can find
out the relative amounts of damping introduced by tuning
coil and condenser, coil screen, terminal plates, connecting
leads, valve sockets, detector valve, AVC diode, screened
lead, ctc., and take steps Lo remedy those that are excessive,
and not waste time reducing those that are relatively
negligible. In the days when tetrodes were used for R.F.
amplification it was even possible to use the valve in the
receiver itself as the dynatron, thus entirely avoiding
artificial measurement conditions ; and even now, il the
pentode in the receiver is replaced by a dynatron, the
departure from actual working conditions is very slight.

The method of measuring the 1esistance just deseribed
may appear a trifle erude, though it is good enough for

most practical purposes. However,
186. Other R.F. for greater precision a direct measure-
Resistance ment of the negative resistance of the
Measurements dynatron can be made. Ia such tests

as that of the R.F. choke, which is
put in parallel with an escillatory circuit, it is necessary
[irst to measure the resistance R, without choke and then
with it, R, and derive the resistance Rc of the choke above
in the usnal manner for resistances in parallel :—

Ry Ry

but when the resistance of an oscillatory ejrcuit itself is to
be measured, it can be done dircct.  The resistance ol
a coil may also he measured dircctly if a condenser with
negligible losscs is used for tuning it. Of course, il one

wants to avoid having to measure the negative resistance of

the dynatron and the resistance-substitution mcthod of
calibrating it is adequate, there is no reason why one
complete oscillatory circuit should not be measured by
connecting it in parallel with another, There is the
advantage, in fact, that it is possible to measure the circuit
at other than its resonant frequency, il that is wanted.
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"To take a typical example again, suppose it is desired to
investigate a certain LF. transformer. It is connected to
the X terminals of the dynatren unit
187, Use of (Fig. 120) and tuned by its own
Negative- wimmer to the desired [frequency ;
resistance Bridge the bridge circuit being cut out by the
flying lead clipped on to the by-pass
condenser (Fig. 100). The grid bias is adjusted until
oscillation is just started, so that the requency can be
checked by a receiver near at hand.  Difficulty would be
expericnecd in applying the methods commonly specified
for thc mecasurcment of coil losses, because the screcn
prevents a very loosely coupled external oscillator from
developing enough potential across the coil to be measured
accurately by a valve voltmeter. But by simply connecting
it to the dynatron, the oscillation can easily be detected by
a receiver of quite moderate sensitivity cven when situated
a yard or more away, and the threshold adjustment
observed. It is advisable to have a very fine grid bias
control, in addition to the coarse ome for pieliminary
adjustment.  When it has been carefully set so as 1o be
right on the division between oscillation and no-oscillation,
the clip lead is moved over to the anode terminal, short-
circuiting the X terminals, and the resistance box adjusted
to give cxact balance, R ohms, By adjusting the bridge
coil coupling at the same time, a very sharp balance is
possible.

But for two reasons it is generally necessary to use an
amplifier for detecting the exact balance. The first is
that the whole of the oscillator signal comes across the
valve, and to measure the slope of {as nearly as possible) a
tangent to the valve characteristic curve, the signal
voltage should be kept as small as possible—not more than
about one voll for preference. As the revistance of the
bridge to the oscillator is not more than 100 2, a step-down
transformer from the oscillator is indicated. The sccond
reason why a particularly sensitive detector is needed is that
the resistance of the ratio arms of the bridge is necessarily
low and the ratio itself is high, in order to avoid complica-
tions owing (o an unduly high resistance in the anode
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circuit of the valve. In measuring “ good ™' coils and
circuits, the negative resistance of the valve may be several
hundred  thousand ohms, and amplilication before the
phones is almest essential. A step-up (ransformer such as
a fairly high-impedance microphone-to-valve transformer,
ratio between 4o and 100 to 1, may he used to advantage,
and arranged so that the stray capacitance to earth is as
little as possible.

L
To "X
TEAMINALE R C
S
(a) (b) (<)
Fig. 120 An LF. transformer represented by the diagram a ny other tuned
circurt, however complex, 13 SquIv3lent 3¢ resomance to  high reaistance A (5) whieh
by epressnted

in'the form ¢

Although the resistance of the bridge to anode current is
small, for the utmost precision the process of setting the
grld bias to the cxact lhrﬂhold of
Y ¥ and then bal the
of Results I)ndge should be repeated one or

¢ times, in case adjustment of R
has slightly shifted the crmcal bias adjustment.  All this
may sound a long business, but actually can be done very
casily and quickly. Then the negative resistance of the
valve is 100R+gg, numerically equal to the dynamic
resistance (sometimes called anti-resonant impedance) of
the transformer including its own trimmer. If it is desired
to find out how much loss is due to the coil and how much
to the trimmer, the latter must be replaced by a high-grade
variable condenscr, whose loss is either negligible or known,
adjusted to the same frequency.  Suppose the first measure-
ment gives a figure of 125,000 @ for the dynamic resistance,
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R. Fordesign purposes that is the most impor tant quantity
to know, but if the inductance L is known {and it can be
measured with the samc apparatus, as will shorly be
described), and also the frequency, the loss resistance
follows ;

L w? Lt

G r

If L is 500 1H and the frequency is 470 ke s, 7 works out

R =

at17:5Q. The “ magnification ?, Q, is ?Ri’ which is 84.5-
Tig. 120 shows these cquivalenis; r is shown as if it
were conflined to the coil, but of course pait of it may
represent condenser loss. If R with a negligible-loss
condenser is 170,000, the Q of the coil and its surroundings
is 115, and that of the trimmer is 320 ; by the usual paiallel
resistance formula. If onc prefers to express these in loss
[actors, the reciprocals of () arc taken; the I' of the
trimmer is thus 00031 or 0-51 per cent. (which, iuci-
dentally, is none too good).
1f the experiment is done carefully there is only onc
correction to make ; the damping caused by the terminal
and anode of the valve may not he
189. Possible the same al the tadio frequency ol
Sources of Error oscillation as it is at the audio
quency used for measming the neg:
tive resistance ol the valve. Generally the AT, loss is
completely negligible, and the R.F. loss can be measured by
means of a second dynatron. Suppose it is found o be
equivalent 10 a resistance of 1+5 M in parallel, the true R
of the coil is 192,000 instead of 170,000 as found hefore.
There is also a possible error in assuming that the
negative resistance of the valve is the samc at all frequencies.
The assumption is probably quite justifiable except perhaps
at ultra-high frequencies, at which the time taken by
clectrons to cross from one electrode 10 auother hecomes
-m appreciable [raction of one cycle ol oscillation (Sec. 266).
Lven when every precaution is taken the dynatron
method is quite within the capabilities of modestly equipped
lahoratories, and the author believes it to he supetior in
36
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accuracy (o any other method of comparable practicability,
il not to any known method however claborate. As
mentioned in The Wireless Engineer of October, 1933, by
inserting a small picce of fine resistance wire in series with
the coil, measuring with the dynatron the difference in
radio-lrequency resistance of the coil caused by this
introduction, and comparing it with the results of more
precise direct determination of the wire resistance, it was
found that results were consistent within less than 1 per
cent. over a wide band of frequencics, and a quarter of
1 per ecnt. it special care were taken. The accuracy of
casuring 7, and still mote R, is of course better stll,
The method also has the advantage of requiring no
corrections for the self-capacitance of the coil (Sec. 197),
which is itself a rather troublesome thing Lo measure.
Measurement of inductance has yet Lo he dealt with.
1t is not possible to get accurate results by tuning the coil
with a single known capacitance and
190. Measurement observing the frequency, because the
of Inductance coil itsclf has a certain self-
capacitance, wually of the order of
5 ppF, and there arc other initial capacitances that are
not_known precisely, if at all.  But if the two ltequencics
with and without an added known capacilance are noted,
Wyt — ey

—=1 * where C’ s the reduction
wy? @ O

the inductance L =

. . . N w
in capacitance required to bring the frequency from 2

1o iﬂ. A single known fixed capacitance will do, but for
27
the best accuracy a difference-calibrated variable condenser
should be uscd and there is lhcn no question about
of the ,  Or stray
capacitance of leads, etc. Obvmmly the ratio of final 10
initial capacitance should preferably he large. The most
convenient and accurate method is o note the reduction
in capacitance reguired to tune [rom the [undamental to
the sccond harmonic, or from second to fourth harmonics
(because they are more comparable in strength than
37
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fundamental and harmonic), of a fixed oscillator,  In that

r_3 _
[

I Lis in uH, C in ppF, £in kefs, and A in metres,

a2 i)

The coil to he tested is connected in paraliel with a
calibrated variable condenser across the dynatron © X
terminals, and with the condenser somewhere ncar its
maximum {but preferably not too near, for the calibration
may not be al its best over the wop and hottom 5 per cent.
of the scale), the fundamental oscillation is picked up on
w receiver, which should be oscillating rather strongly, and
is tuned 1o se10 heat after the dyndtron grid bias has been
adjusted 1o threshold oscillation. The frequency, f,, is
noted by bringing a calibrated oscillator also to zeto beat.
"The capacitance of the standard condenser is then reduced
until the dynatron beats with the second harmonic ol the
receiver, at which, incidentally, the fofal circuit capacitance
15 a quarter of its initial amount. ‘The difference hetween
the capacitance 1eadings gives C', from which I, is
calenlated as above,

T'he method usually described for measuring inductance
at radio [requency consists in tuning it by a calibrated

condenser and plotiing the results of

191. An Alterna- a number ol readings of capacitance
tive Method and the corresponding wavelengths

squared (A%), as in Fig. 121, Although
the readings, being subject 10 some error however small,
may give points that do not lic exactly on a straight line,
the Dest line drawn through them is likely o average ont
the errors o some extent, and the cxtent to which they
do fall on a line is a uselul check on the probable accuracy

of the readings. The length OB, on the negative side of

the scale, represents capacitance additional to that of the

calibrated condenser ; that is to say, the self-capacitance

CL of the coil, and that of any apparatus such as the

dynatron, and associated leads. By adding this in, the

total capacitance required to tune the coil to any wave-
238
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leugth o1 Irequency is given, and L follows from whatever
formula the worker finds most convenient 5 for cxample

_ T (LinaH
3= seds /LG <c in ,Ll-')

See also Sce. 293,

Fig 12) In an slsernauve mechod of measuring
inductance ac radio frequency the square of

capaciiance Teadings. ‘and. the. toral ‘et
capacicance thus decermined

B 0 <

T'he previous method, although based on this onc, Is
more likely to be accurate. because vnly one known
[requency is needed, and generally it is possible to make
that coincide with an accuratcly known point such as a
reliable transmitter or a quaitz crystal standard.  However,
it there is any 1isk that the wrong harmonics might have
been used, it is wisc to make quite sure by plotting several
readings as in Fig. 121 as a check.

For reasons explained elsewhere, prelerence is given
throughout this book to methods depending only on the

difference  calibrations, especially of
192. Total Circuit variable condensers.*  Two points on
Capacitance the condenser scale may be marked

100 put and 300 uuF respectively, and
assuming the condenser was accurately calibrated and has
not aliered since, the difference isreally 200 gl no matter
what sort ol eireuit the condenser is in. But the actual
capacitance in the cirenit when the condenser is sel o 100
piF is certainly w100 el 11 is 100l plus certain
other amotmts which may or may not have heen there when

on thys 15 I
by W, H. T G

A saluable arucl
at Kadio Frequencics

Leaswennt at Small \ anable Capacities
fhiths, The Wiieless Knguneer, August, 1925,
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the condenser was calibrated, and although they may be
measured scparately the results are bound to be of a lower
degree of accuracy than the difference between two settings
of the standard.  So if, say, 200 pul is o be added to
circuil it is better 1o do so by turning the standard {rom
100 Lo 300 (or any points giving the required difference)
than by connecting the condenser in and setting it to 200,
The method of finding the actual total capacitance in a
circuit, given a difference calibration, is to procced as for
Fig. 121. The capacitance of any

193. Measurement item in the circuit can be found by

of Self- withdrawing it and readjusting the
Capacitance standard  variable 1o restore the
of Coils [requency.  Unfortunately this cannot

be applied to the seli-capacitance of a
cail (Ci), because it cannot be removed independently of
the coil. Neither does it setve (o measure any item
essential Lo the test, such as the minimum capacitance of
the standard, unless another is available for a scpavate test.
So although the method of Fig. 121 i the one usually
specificd for measuring the self-capacitance of a coil, in
practice it becomes quite a long business. 1 is also a good
example of a method that looks perfectly all right until onc
has_experience of it. To determine the position and
inclination ol the line with accuracy it is necessary for the
extreme plotted points to he separated by not less than
probubly several hundred ppF.  Even when the readings
are taken very carcfully and accurately, one finds that the
drawing of the line can lead to an uncertainty of several
4 F in the position of B, and as C, is only a part ol BO
the error in it alter allowing for the various items in the
remainder is ptobably of quite the same order as Cp itsell.
Two lincs which may laok equally well drawn among the
points on the graph might give Cr, values of o and 6 pul
respectively, or even a small negative value,

What is believed o be the only published method ol
measuring C. with high precision was described by the
author in [he Wireless Enginesr, September, 1933, The
required result s one-third of the difference hetween two
1cadings on the standard, and the precision of reading is
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therefore actually three times higher than that of the
standard. Against this must be set a certain loss in
accuracy due to the necessity for deducting the capacitance
of the dynatron valve and of the special measurement jig ;
but provision is made tor doing this 7z sifu with ex(‘r'pllon(ﬂ
casc and accuracy. The inductance alse is calculable
from the results.

Fig 122 Cunnemons used 0 an
accurate method of meataring the
seff-c :lv:uran:e of coils

The mcthod makes
use of a difference-
calibrated condenser C
(Fig. 122) and any
fixed condenser C, of a
capacitance within the 1imge of Cy.  lerminals 3-1 are
first joined and an oscillator {which need not even be
calibrated) set to resonance. Nexl 2-1 ate joined instead,
and C, adjusied (o resonate with the oscillator. C, and
C, arc then equal. Then 2-3 only arc joined and the
oscillator frequency shifted so that its second harmonic
resonates.  Lastly 1-3 and 2-4 are both joined, 2-3 being
open, and Cl is increased (o resonate (o the oscillator
fundamental.  This increasc is 3 (Cr, + C.) where G, is
the capacitance of the valve and jig. The method is a
good cxample of deriving the result from the minimum
number and masimum aceuracy of data

The jig (Fig. 123) consisting ol screens and special
contact devices, described in the article referred to, is
designed 1o facilitate the test and to reduce to neghgible
amounts any stray capacitances resulting fiom the various
connections that would affect the result.

While dealiug with measurement of small capacitances
it may be as well to consider those between valve clectrodes,

or any systems (such as a piece of

194, Capacitances twin cable in an cartling sheath) in

to Several which one wants to know the

Elements capacitance betseen  two  clements

that both have capacitance to some

third party or partics. Fot example, take a triode, where
241
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there are three capacitances, shown diagranunatically in
Fig. 124. It might he supposed that all one has to do is
to connect the two electtodes concerned Lo the measuring
apparatus and leave the other unconnected ; but this
would not give the corrcet result.  The proper procedure
is to mcasure in turn the capacitance [rom cach electrode
to the other two joined together. For instance, the grid
and anode are tied (ogether and the capacitance C, [rom
them (o cathode is measmed —
Oy — Gao + Cuo
also €y — Ch +Cho
and Gy e+ Cuy

Trom these results the required capacitances ave caleulated.

2 designed by cre
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Iere are the required solutions of
the simultaneous equations just
stated :—

electrode capacic.
ances in a triode

The actual measurement process is the same as that for
the R F. choke, described in Sec. 184.
So many dynatron measurements having been described,
it is unnecessary to go into detail about such matters as
matching the sections of a gang
195. Gang Con- condenscr. Each section in turn is
denser Matching used to tunc a suitable coil, and even
very small differences in capacitance
can he detected by the change in beat note. At the first
{minimum capacitance) setting the sections are equalised
by means of the trimmers.  Some idea of the seriousness
or._ otherwise of mismatching at other settings can he
judged without actual measurement ; a beat note of a tow
hundred ¢ /s, compared with zero for the scetion taken ay
the standard of reference, would generally be acceptable ;
but if the note goes beyond audibility altogether the
mistuning effect in a receiver can he imagined. The only
precaution to be observed is to see that the clip lead ot
other means of switching Irom one section of the gang to
another inserts the same amount of stray each time it is
moved to a given section. Actuul calibration can, of
caurse, be donc at the same time it desited.
10 an impedance is too low 1o be measured directly
across the © X terminals of the dynatron it should be
“tapped down * the coil.  Suppose
196. Measurement a resistance of the order of 100 Q is

of Low to be measured. It would of course
Impedances 1ender oscillation impossible i con-
nected across the whole coil, but if
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tapped acioss one-twenty-flih ol the turns it is equivalent
to about 62,500 O across the whole coil (see Fig. 191).
Unfortunatcly a R.F. coil is not a perfect enough trans-
former for the usnal square-of-the-ratio relationship (o
hold accurately for comparison between such a resistance
and a larger one across the whole coil, so it must he tested
against u standard ol its own magnitude.

Fig. 125 Circun. o
disgeam ¢xphining X
Fesistance- vaLve

Vimasion mechod of | SOURSE
measuring R.F.
srscance

ol Fhen
;7 LO

Although the dynatron method has marked advantages
for R.F. resistance measurement, two others will now be
briefly described.  The first, well-

197. R.F. known as the 1esistance-variation
Resistance method, is illustrated in Fig. 125
The coil is very loosely coupled o a

powerful ascillatar of the desired [requency, and is tuned
by a good variable condenser C uutil the voltage read by
the valve voltmeter VV is a maximum. The losses due
to C and VV ought to be negligible, or known from the
results of a scparate test. At first the resistance R is zero,
and the oscillator is adjusted (o give a large voltage across
. Thereafter the oscillator is untouched, because it is
assumed that the voltage actually induced in the coil is
constant f; all readings. Several resistors R, the R.F.
resistance of which are known, are in turn inseried, and
the corresponding voltages read on VV. It is necessary
for the reactance of R (o be cither negligible or small and

constant throughout : and so it usually tukes the form of

short lengths of hine resistance wire (see Sec. 299), a CoppCt
wire of the same length heing substituted for a ** zero

By plotting R against the reciprocals of the corr cspondmg
voltages V, the ‘results should fall on a slralgh( line, as in
Tig. 126, and the apparent RV, resistance, 7', of the coil
is given by OB. The graph reminds one of Fig. 121, and
the method is even more disadvantageous, because the
accuracy of reading V and R over a wide range is generally
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not high, and the accmacy ol " is lower sull. Tt is ulso
necessmy to measure Cp, in order to apply the coirection

r =

(Cy. +C
where 2 is the true re-
sistance. This  cor-

tection is not needed in
the dynatron method,
nor in the next o be %
described, which is a
ood one if means
are available for measur-

_ 8 o
R
Fig 126. Mechod of plot-
ung che res rived
from the system of Fig 125
to ger ', the RF. resist.
ance, neglecting the sell-
psértance, Cr, of the colL
Knowing C. the crue re.

siseance ¢ can be calculaced

Si<

Fig. 127 Reson-

. f 2

ing small frequency differences accurately, The circuit
is the same as for the previous method, except that
no added resistance is nceded.  The voltage V at iesonance

Vo by

is noted, and this rcading is then reduced to 5
adjusting the oscillator frequency each side of 1csonance
(Fig. 127).

245




RADIO LABORATORY HANDBOOK

Call /i — /5 the total fiequency swing between these
two poiuts,
Then ) = aaL 8f
For an accurate method of measuring §f refer hack to
See. 182, If the magnification, Q, of the coil is
requited, the formula is even simpler

Deel
8/

An alternative method is to keep (he ascillator frequency
constant and to mistune the coil by a small calibrated
variable condenser, Lhen the approximate formula,
accurate enough if Q is not small, is

Qa2h
= s

The experimental techniquc is similar ta that described
in the dynatron scction. For the reader who wishes to
study R.F. measuwroments more closely, Hartshorn’s
“ Radio-requency Measnrements by Bridge & Resonance
Methods * is strongly recommended.

As Q is such an important quantity in the design
laboratory, divect-reading instruments fot measuring it
have heen produced by several makers
{e.4., Boonton Radio Corporation—
British agents, leland Instruments
Ltd.—Marconi-Ekco, and  Salfard
Blectrical Instruments). ‘The principle on which they
work is shown in the schemalic diagram Tig. 128. The

coil whose @, is to be
measured is tuned by a
standard condenser
forming part ol  the

197A. Q Meters

[ . | instrumcnt, and a small
HH H +f voltage is injected in
i 2 series with it by passing
>E8 8 2 current from an oscillator
i | through a low resistance.

The magnihed voltage

across the tuned circuit

is measured by a valve voltmeter.  As the current is
246

Fig 128 Schematic diagram of Q meter
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brought to a mark on the therma-juncion metet, and
the low tesistance is fixed, the injected voltage is definite
and therefore the voltmeter reading can he calibrated
directly in Q) values.  For example, il the injected voltage
is 0-01, a deflection of 1 volt an the voltmeter when the
circuit s hrought into resanaace corresponds to a Q of
100, The resistance must, of course, be low compared
with that of the coil

The tuning condenser loss is gencrally small enough to
be neglected.  But by using a standard coil of known loss,
the instrument can be used to measme the capacitance and
loss ol a condenser, or of a high resistance.  Low resistances
or teactances, on the other hand, can be measwed by
connecting them in series. The instrument is therefore
exceptionally versatile and convenient to use.

Any inductance can be measured at low frequency by
hridge methods, which are more convenient for R.I'. coils

than R.F. methods, but the bridge
198. Inductance must be a good one. Probably the
Bridge Methods— best of any for all-tound work is one
Inductometer cmploying an inductometer ; and the
Bridge procedure [ various types of coil
o will now be described, referring
particularly to the universal bridge of which a full circuit
diagram is given in Fig. 73 ; but simplificd diagrams will
illustrate each method of use.

‘The coil under test should in all cases be kept at a
distance of a foot or 1wo [rom the inductometer to avoid
coupling thereto, The length of the leads docs not cause
error, hecause the difference is taken between the inductance
with the coil in circuit and with its terminals shor t-circuited.

For straightforward measurement of any inductance
within the cange of the inductometer the cireuit is that of
Fig. 120. Equal 1atio arms PQ are used; 10 Q is a
uitable” value for R.F. tuning coils. The Campbell
instrument is provided with a slide wire S [or continuons
adjustment of the resistive component up to 1 £ ; any
greater resistance must be balanced out by the decade hox
or other form of resistance R, 1f phones are used, as shown,
it would he hetter to interchange them with the source 0
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avoid variable stray capacitance ; but in the actual bridge
described a balanced transformer feeding an amplifier is
used. The coil is first short-circuited, and M and §
adjusted to balance. There is a zero adjustment so that
the inductance of the leads can be balanced with the
main pointer sct to zero, hut of course this is merely for
the convenience of direct reading and is not essential.
The coil is then unshorted and M, S, and R readjusted
for balance. L is twice the reading on M (after allowing
for the “zero ” reading, if any) because reactance is not
only added to one arm bul removed by an equal amount
from the other by the operation of the mutual inductance.
Rr is of course the difference in the readings of R+85.

Fig. 129 Straight.
forward method of
using Induccometer

Yor inductances not
exceeding 42 pII the Camp-
bell inductometer is provided with
a)switch that divides readings on the
miain scale (which is calibrated up io 105 xH) by 5.

With the switch in the normal position the hundreds
and thousands dials extend the main scale up to 11,105 uH,
giving dircet readings of L up to 22,210 pH. For sill
higher inductances, a 1atio switch is set to } and the ratio
arms PQ is altered 1o go : 10. The slide wire is out of
action, so a continuously variable R is necessary ; and
Rr, = 9R and L = 10 M, so the maximum is 111,050 uH.
Finally, for a maximum of 1-1105 H, the ratio switch is
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set to Y, the ratio arms to ggo : 10, and Ry, = agR and
L = 100 M.

source of aceurate frequency and
pure wave farm

Higher inductances still, with practically no top limit,
are measurable by shunting the coil with a non-reactive
resistance 'I' (Fig. 130). The arm thus
199. High formed is _equivalent to a com-
Inductances by paratively low inductance in series
Dye's Shunt with a resistance, and by this device
Method is brought within the equal-ratio
tange. T is in general cqual to the
initial value of R, and having made the preliminary zero
adjustment with L disconnected, halance is obtained with
L in position.

2 T*M I

Then L =2 \pe and Ru= i =T where 1

is the difference in R duc to connection of the coil (see
Sec, 282).

As balance depends on the square of the [requency, a
pure waveform must be used, and the [requency must be
accurately known. If the reading M turns out to be too
small 1o be made accurately, the measurement should he
repeated with a higher value of T.
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A valuable feature of this method is that it i available
for iron-core coils carrying D.C.., which are usually some-
thing of a problem. Al that is required is a battery and
milliammeter in serics with L, and a T that will stand
the current.  Part of the current will low through the other
arm too, of course. The resistance of the Dattery and
milliammeter have to be deducted from the apparent Ry,
if that is requirced accurately.

The same method is available for measuring capacitance
over a wide range of valucs. The condenser is shunted
across R instead of I'; otherwise the procedure is
identical,

= 2M 1 _e
R: FwPM?
w;rh(c‘rc 1 is the difference in T to balance the introduction
of Ci.

Unless the condenser is large or has a large loss factor
the second term in the bracket can be neglected. The
method is not ideal lor accurate measurement of loss
[actor F.

My

inductometer

¥

The same bridge, incidentally, can be used for direct
measurcment or comparison of condensers, and although
it is not generally good practice to have the two high-
impedance arms on the earth side it works satistactorily
with the apparatus described, thanks, no doubt, to the
balanced transformer, scicening, and symmetrical ratio
arms. For a method of measuring iron-core coils with the
C and R bridge, scc Appendix.

Finally, mutual inductance is, of course, measurable
ditectly by the appropriately connected inductormeter in
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the simple manner shown in Fig. 131,

200. Mutual which needs no comment. Or it

Inductance can be done by measuring the sell

inductance L, of the primary and

secondary coils connected in series so that the mutual

inductance between them inercases the self-inductances of

the whole, and I; with one coil 1cversed. Then

M =L =Lt 04K (the cocficient of coupling) = |, M

V 1Ly Lg

where Ly and Ls me the primary and sccondary coil
inductances.

The lormula for the Maxwell bridge described in Sec. 121
is quite simple. Referring to Fig. 74, in which balance

is preferably obtained by a variable
201, The condenser,
Maxwell Bridge L = CR,R, where L can be in
#H and C in uF,
_RR,
and Ry, = R,

The resistance balance is best got by a variahle 1esistance
in series with the coil ; the coil resistance itself is then
Ri Re jess this added resistance.

2

The advantage of the Owen bridge (Fig. 73) is that

the condensers ate fixed and can therefore conventently
he of faitly large capacitance, match-

202. The Owen ing the impedance of the inductance

Bridge arm better and making high ratios
unnecessary.

They can be of about cqual value, say a-25 uF; and
only C; need be accurately known for inductance measure-
ment. Neglecting the 1esistance of ¢, and C,,

L — RR,C,
_ R,
Ry ==

Preferably the bridge is again balanced with the coil
short-circuited, R, having to be reduced to 7, to do this.
Then more accurately

L= (R,—1)R,C,
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Again, it is an advantage to have a variable resistance
in series with the coil ; and the units can be pH and uF.
Both of these hridges can he used over a range of a few
wH up to about o1 I or more ; and of course the range
can be extended indefinitely in the upward dircction by
using the shunted coil device just described. Lixcept with
this, both bridges arc independent of frequency and
waveform.

When measuring a coil of high inductance, such as an
intervalve transformer winding, it must be remcmbered
that what is measured is not the true inductance but the
resultant of the true inductance and the sell-capacitance.
Tf the measurement is made at a low frequency such as
50 ¢fs the effect of the latter may he negligible ; but at
1,000 ¢/s it may even swamp the inductance entitely ; in

Fig, 132 : Ifa condenser box is o
avaikable, this 15 a convenient T M

shown in this diagram for
making the messurement with

other  words, the
natural reson-

ance may be
at or below ™
that [requency.

There are other
AF.  methods of
easuring inductance
than bridge methods, though generally they are lcss

potentially accurate. One of them
203. Other A.F. is illustrated by Fig. 132. The con-

VALVE VOLYMETER

Methods of denser C is adjusted until the current
Inductance is the same whether the coil under
Measurement test iy swilched in or not. When
this condition exists,
1

A

200
or in another form, X;, = ¥Xp.  This result is unafiected
by the resistauce of L. To give some idca of magnitudes,
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here is an approximate table based on a frequency of
50 ¢fs.
GinyF LinH

0102 250
005 100
o1 | 50
02 25
05 10
1 5
2 245
5 1

As a low-reading A.C. milliammeter may not be avail-
able, the drop across a resistance R may be observed by
a valve or metal rectifier voltmeter.  Assuming the source
to be 50 ¢fs, R should be anything up (o a few thousand
ohms to give a drop of the order of one volt. The source
voltage might be about 20; more or less, according to the
magunitude of 1., ‘The diagram shows the method applied
with D.C. fiowing, supplied by the battery B and measured
by the moving-coil milliammeter M. It is then essential
for the valve voltmeter to have a grid condenser and leak,
or for the metal rectifier 10 have a large condenser in
series, 1o render it unaffected by the D.C. component.
The only disadvantages of this method are that it requires
a decade condenser box or the equivalent, and a reasonably
nure A.C. source. Given these, it is probably the most
cenvenient method for iron core coils with and without D.C.

Another method, which needs no condenmser box but
does require an accurately calibrated valve voltmeter and
a known resistance, is shown in Fig. 133 (2). R should be
of the same order as the impedance of the coil ; for the
usual smoothing choke of about 25-40 H it may con-
veniently be 10,000 3, and must of course be capable of
carrying the D.C.  When A.C. and D.C,, if any, are ad-
justed, the voltmeter is connected in turn across R, across
the coil, and across both. ~ Call the readings Vs, Vs and V,
respectively. Then as R is known, the impedance of the
coil with and without R in series is known. 'The quickest
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way of finding the result is o draw the impedanice diagram,
of which Fig. 133 (b) is an cxample, Resistance is measured
off horizontally and reactance vertically. R is a pure
1esistance, 5o can be represented, to any convenient scale,
by the horizontal line AB.  The two impedances are known
in magnitude but not in phase. With centre B and
. RV, . . RV,

radius v and with centre A and 1adius draw arcs

T T
cutting at €. The vertical ClY represents to scale the

Fig. 133 () (right) . ¥
RO T M
e m f

messuring _resisr- B

Temitance of 5 col

|
4 \
vaLve
VOLTMETER

~

R

A

Fig 133(b}- Right-angled
triangle  diagram for

~«R —><—R—>
reactance of the coil, and DB its resistance, while ¢ is the
angle of lag. L = % Unless the readings are accurate
@

the error in Ry, and ¢ may he large, but Xy, is reliable so

long as V; and V, arc somcwhere about the same ma;

nitude, and the frequency is low cnough far the effect of se

capacitance to be negligible.  Even at 50 ¢/s the common

instruction 1o assume that Ry is the same as or not much

wore than the Z.F. resistance is often surprisingly wrong.
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Ci_—8c Fig. 1342 I the vector BC in the preceding igure,

Gy rehresenting the impsdance of the col s drawn for

Vaying mumbers of short.direutied turis, the points

e S Semecincle,  Whera the shorced turms are

fow, the “hece om reswtance i much more pro-
aimced cran on the impedane of reactince

lreacTance

RESISTANCE

"T'he effect of shovt-cirenited turns is
interesting (Fig. 134). A perfect coil,
with no_resisiance, would give a line

2 like B Cy;—a pure reactance. In prac-
tice there is a small resistance, and the
impedance of the coil is represented
Ly BC,. Now if a single turn is

shoited the reactance is not greatly affceted, but the A,C.

sesistance 15 increased, as shown by BCs It is just as if
the coil were (he primary of a transformer with a small
current being drawn from the sccondary. As more turns
are shorted the resistance reaches a maximum and the
scactance drops ofl rapidly (BCy) ; then as a large pro-
portion of the whole coil is shorted both decrease (BC,)
until finally the whole coil is cut out (B, a point, which

Dy definition has no magnitude). 'The interesting thing

‘s that all the Cs lie on a semi-citcle.

An important quantity in AT, uansformcm, because it
ultimately determines their * fidelity 7 or band of fre-
quencies handled without loss, is the

205. Leakage leakage inductance. This is measured
Inductance on the primary side with the secondary

short-circuiled.  Suppose an output
transformer is heing investigated. The cause of a droop
in the output/irequency curve at the low-frequency end
is the shunting effect of primary inductance, which should

be measured at a low cnough frequency (usually 50 c;s)
for the sell-capacitance effect 10 be unimportant. At the
other end of the scale the leakage inductance is the limiting
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factor, and it can be measured at the same frequency.
The sell-capacitance of an output transformer js generally
not a major influence in its performance, but it is otherwise
with an intervalve transformer. The

206, Self- capacitance of the secondary can be
capacitance of measured by joining it to the “X
A.F. Coils terminals of the dynairon and shorting

the primary (Fig. 135). A resistance
of a few ohms is a good cnough approximation to a short-
circuit for this purposc, but has the advantage over a dead
short-circuit that if it is connected across the input of an
amplifier (e.g., the * Gram” terminals of a domestic
receiver) it cnables the frequency of oscillation to he
observed.  Such a resistance should be no larger _than will
just serve the purpose. ‘The dynatron is adjusted to
oscillation threshold, and the frequency measured (Secs.
131-2).  As the frequency is usually near the upper limit
of hearing, if not above il, the cathode-ray tube method is
almost essential. ‘The anode voltage of most dynatron
valves can be adjusted to zero anode current, so avoiding
D.C. cffects on the transformer. The leakage inductance
Ly is then measurcd from the secondary side at 50 cfs.

+
emequency-
e
SALEIATSY
p—
o gttt .
avaaTron —
Fig. 135 : Apparatus used for measuring the natural frequency of osclllation of a trans-
i . T
Cs = 127 where 2 is the frequency of oscillation,
w? L, - 27

Ly is in henries, and Ggin uuF.  This includes the capaci-
tance of the dynatron, which may of course be deducted
256
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for greater accuracy, and replaced by the capacitance of
the valve into which the transformer nermally works

By compatison the primary capacitance is generally
negligible, unless the step-up ratio is very low. It can
be added in, however, if it is rememlbered that when
transferring a capacitance to the higher voltage winding
it must be divided by the square of the step-up ratio. The
opposite applies to inductance.

Other methods of measuring the sell-capacitances ol
iron-core coils generally are dealt with in detail by M. Reed
in The Wireless Engineer, May, 1987, p. 232.

An_important characteristic of an intervalve or output
transformer is lincarity of output against amplitude. When

the oulput ceases to be in direct
207. Linearity proportion to the input, harmonic
of Transformers  distortion is caused. This may be

very easily lesied by connecting onc
pair of cathode-ray tube plates across the primary and
the other pair across the secondary, and applying a signal
af controllable aniplitude. Needless to say, in this as in
all other transformer tests, the conditions should be the
same as those under which its performance is desired to
he known—if it works with a certain D.C. passing through
the primary, or with a certain valve and circuit capacitance
across the secondary, these conditions or their equivalents
should bhe imposed during the test.

If a_straight line is produced on the screen, as in Fig.
136 (a), there is no amplitude distortion, nor is there any

phase shift, and the step-up ratio 15,(%3, where OA is the

line along which the ray moves when only the primary
plates are connected, the other pair being shorted. In
weneral there is zero phase shift at some middle frequency,
and the line opens out into an ellipse at low [requencics
due to primary inductance and at high frequencies due to
leakage inductance. The actual angle can be measured
as explained by Fig. 117. Unfortunately it is not so casy
1o detect distortion of an ellipse as it is of a straight line,
but once it siarts it usually develops rapidly as the amplitude
increases and so becomes very obvious. Fig. 136 (3) shows
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what would produce mainly third-harmonic distortion,
due perhaps to transformer iron saturation, ¢ shows
distortion due to valve grid current, which causes even
harmonics, and d is an example of simultaneous third-
hatmonic distortion and phase shift. Phase shill without
distortion is shown dotied.

B

i
}
"

te) (dy

6 : Represencative cathode-ray figures from which

Fig. 13
non-linearisy distartion (rarmonics and ncermodulacion)
and phase shifc can be deduced

Loud Speakers

For many purposes a loud speaker and iis transformer

can be considercd as a single unit, and measurements ol

its impedance referred to the primary

208. Impedance of the transformer.  Theorctically

with a perfect transformer of ratio

| the 1mpedance regarded from the primary side is

$¢ times Lhe impedance of the speaker itsclf, but in practice

there are slight divergencies due to transformer character-
istics, such as leakage inductance.

A distinction must be drawn between the purely electrical
impedance of the speaker and the wotking impedance,
which includes what is known as the motional impedance
due to the back-voltage induced by the movement of the
coil in the magnetic field, The difference is hardly
noticcable in the upper parts of the frequency seale, but
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at the mechanical resonance of the cone and coil the
motional impedance is the main part. It can be deter-
mined by measuring the total impedance first with the
coil free and then firmly clamped in the normal position
in the gap, and taking the vectorial differcnce (Sec. 2qo.)
The methods of measurement are exactly the same as these
described in the preceding pages for reactance and
resistance of coils, particularly those with iron cores.
The behaviour of a moving-coil speaker is especially
important in the frequency range which includes its main
resonance, usually in the region of
209. Examination 8o cfs. The severily of the resonance
of Low-frequency itsel the amplitude of coil move-
Defects ment at which it gocs outside the
> uniform magnetic ficld, causing modu-
lation of the upper frequencies simultancously present ;
the possibility of mechanical ratile at the large amplitdes
associated with low frequencics ; and the production of
sub-harmonic tones due to flexing of the cone at certain
Treq i 1l these can be i I 1 by an ]
capable of giving a practically undistorfed output of
scveral watts. The mechanical movements of the coil and
conc can be seen in “slow motion ” by examining it by
the light of 2 neon lamp fed from another oscillator differing
from half the frequency of the first by only about 1 cfs,
or alternatively by an oscillator working at nearly the
same frequency and with D.C. superimpesed so as to
provide a pulsating instead of an alternating supply.
The existence of the modulation effect mentioned above
can be tested by superimposing a relatively high frequency,
such as 1,000 ¢js, on the bass frequency signal (which may
convenicnily be 50 c¢/s mnains), picking up the output at
the high fiequency by means of a microphone and ampifier
with filter to exclude the low frequency, and connecting
this output to a cathode-ray tube, to ‘the other pair of .
plates of which the low-frequency source is connected.
A rectangular figure is formed so long as there is no
medulation. If the sides of the figure corresponding to
the high-frequency plates are not parallel, it indicates
undesirable modulation due to the amplitude produced
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by the low frequency signal at the strcngth applied.
Apart from the necessity for a high-quality microphone
to translate the acoustical output into electrical form, the
technique is the same as for amplifiers, and further in-
formation is given under that heading (Scc. 233).
The acoustic characteristics of a loud speaker are much
meore important than the electrical ones, but unfortunately
measurement of them is not only
210. Acoustical exiremely difficult but therc is a good
Measurements deal of controversy as to their in-
terpretation. It is pointed out, for
example, that a speaker which rattles abominably may
show up better according to its teasured results than
another which is undoubtedly far pleasanter to listen to.
Nevertheless, performance curves are informative when
they are used on a basis of experience. ‘I he subject of
their technique is outside the scope of this hook, but here
are a few references to sources of inlormation :—
/(pplted Awmtu: (2nd ed.) Olson and Massa (an excellent 404-pagze
e by two R.C.A. engineers).
Loud. Speakrr: {and ¢d ) N.W. Mel schian (advanced treatise by an
oustanding authority).
Elements of Engineering Acoustics. L. E. C. Ilughes
Lond Speaker Response Curves. Wireless World, March z20th,
1935, pp. 306-310 (description of apparatus used in Wirelest
T¥arld laboratory for taking frequency characteristics).

Valves

In valve data lists the three quantities—A.C. anode
resistance (r.), Amplification factor (g}, Mutual conduc-
tance (gm), are generally tabulated.

211. Nature of Because they are often specified
Valve without qualification, and alse per-
“ Constants ** haps because they are sometimes
referred to as ““ constants >, it may not

always be [ully appreciated that the figures given have very
little meaning unless the conditions under which the valves
were measured is also specified. Commercially it is the
understanding that they are taken with an anode voltage of
100 and a grid voltage of o, unless the contrary is stated.
The more complex valves must be more fully specified, of
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course. Now these are not at all typical of working condi-
tions, under which the characteristics may be quite different.
This must always be borne in mind when estimating, say,
the amplilication given by a stage.

Given two of the above three, the third [ollows, for

= 7agm; or, If all three are measured, this relauonslup
dﬁ"ords a check on the results.

Another thing that is not always realiscd is that the above
three are only a few of many that might be taken. For
instance, in a tetrode there is the screen/anode mutual
conductance, and the grid fscreen mutnal conductance, and
others.

There are two chiel methods of measurcment—-known
as the static and dynamic (or 1).C. and A.C.) methods
respectively :—

{1) to plot the characteristic curves point by point and
measure the slopes of tangenis 1o the curves at the points con-
cerned. gg is the slape of the anode current/grid voltage
curve, andr, thereciprocal of the slope of the anade current)
anodc voltage curve. g is got by multiplying thesc, or by
noting on the curve the ratio of thechange in anode valtageto
the grid voltage required to keep the anode current constant

(2) to measure them directly by means of a suitable
AC. bridge.

The former has the advantage of enabling the propertics
ol the valve to be visnalised as a whole, and the latter gives
more rapid and accurate results at individual paints.

Taking characteristic curves is a straightforward pracess,
given a sufficient number of meters of the appropriatc

ranges. As there will probably not
212. Static Tests he enough meters to read the current

and voltage of every electrode at
once, it may be necessary cither to switch a meter from one
place to another, or to assume that the voliages applied
to electrodes not immediately concerned arc constant.
Care must then be taken to aveid error due to putting
meters in and out of circuit, or to variations in *‘ constant >’
voltages due to changing load. The voliage dropped in
milliammeters should be allowed for.  Particular care must
be taken over readings that are above the normal safc
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working conditions, such as thosc with pasitive grid bias.
If the power is kept on for merc than a second or so the
characleristics may be observed to drift and perhaps to
alter permanently.  When the anode current in a directly-
heated valve is very heavy it alters the cwrrent distribution
in the filament and results differ appreciably from those
taken under A.C. conditions, which do not allow the fila-
ment time (o cool
during the peaks of
anode current.

Fig. 137 shows the
“ Radiolab ”  valve
tester  for  labora-
torics, of the meter
type as distinct from
the bridge type. It
is arranged for apply-
ing tests to almost
any imaginable
valve.

Fig ) Radiolsb
Viual Valv Tescer. pro-
widing for & wide Fange
i teses on valves of
Ty types  (Everect
Elgoumb 863, 1e0)

The difficulty about taking readings that would over-run
the valve can be got over by projecting curves on the
athode-ray tube. The 50 ¢fs supply

is very suitablc for the purpose, as it is
plentiful, is high enough in frequency
to prevent the valve from being
damaged in the duration of a halfcycle, and low enough
not fo complicate matiers by capacitance currents. Iy, 138

22

213. Cathode-
ray Tests
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shows a citcuit arranged lor taking anode currentfgrid
voltage curves. Vi is the valve under test. A suitable
50 ¢fs voltage is applied to the grid, and also to the hori-
zontal pair of deflection plates of the cathode-ray tube.
1t is very likely that the voltage sweep required for the
valve is not the same as is needed to produce a well-

Fig. 138 Clecult di-
rim for  projecting
Valve charscreristic
curve on the cahode-

Tay ube scresn
propertioned tace on the screen, so in practice a potential
divider would be used and preferably adjusted to give a
convenient scale ol volts per inch or centimetre. s not
practicable to produce a vertical deflection by means of
coils directly in the anode circuit, because if the number of
turns were Ssufficient to give an adequate defllection the
impedance of the coils would constitute a very appreciable
anode cireuit load.  The same is true of a 1esistance farge
mongh (0 sel up a deflecting potetfiial. S0 it is necesany
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to use amplification. The resistance R is as small as
possible—not enough to affect the anode voltage to a
serious cxtent—and is followed by an amplifier that is
practically distortionless at 50 ¢/s. It should therefore be
worked well within ils power, and with coupling condensers
of adequate capaciiance—1 pF or so. It is very easy Lo
check it by removing the input lead from R and taking it to
a point on the 50 cfs potential divider that gives approxi-
malely the same signal amplitudes. If the resulting figure
is a straight diagonal line, with no tendeney to form 2 loop,
there is no appreciable distortion. A similar method
scrves for calibration, if R is known.

It is possible to claborate the scheme so as to show
several enrves simultaneously, by using a rapidly rotating
switch, preferably synchronised with the mains, to connect
the anode (0 a number of appropriate anode voltages.

Although ~ all
this is quite inter- T

esting, the most

2,139 ¢ Schem,

m 132 dinedior
ying the oscilla-

Ten characesristics
dynatron

By 190 telow) - T

4
NTIAL
SETTING

Va

VoUTAGE SORRERT
DEFLECTION DEFLEGTION
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valuable purpose of the cathode-ray apparatus is to show the
behaviour of the valve under dynamic conditions. IfR in
Fig. 138 is replaced by an actual amplifier coupling, then
the dynamic characteristic curves can be displayed, and the
effects of altering the frequency or the nature of the coupling
studicd. Probably there will be cnough signal developed
across the coupling to make an amplifier unnecessary,
A still more interesting study is sell-oscillation.  Suppose
it is desired 1q see what part of the characteristic curve is
swept over durmg ascillation ; the anode current deflection
is obtained as in Fig. 138, and either anode or grid voltage
is applied to the other pair of plates. The anode oscillatory
circuit is of course connected between the anode and R.
Fig. 139 shows a circuit used for finding out the extent of the
anode current/anode voltage curve of a dynatron over
which oscillation takes place as the grid bias is adjusted,
and Fig. 140 is one of the results when the bias i» very imuch

less than the oscillation threshold value.
Coming now 1o bridge methads, the simplest quantity
to measure is p. Il the p of a valve i is, say, 2o, it means
that the increase in anode current

214. Valve duc to 1 volt more on the anode can
Bridges— be counteracted by an extra 5 -volt
Amplification negative on the grid. So the very
Factor simple arrangement of Fig. 141 serves

the purpose. The tapping point, or
the resistances each side of it, are adjusted until there is
silence in the phones ;
R
then p = =
The impedance in
the anode circuit
does not matter, as

141 : Simple bridge

‘or more accurate wark
especially with Fighp
alves, 1t Is necess

balance out stray capacities
as shown in the nex: figure
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there is no A.C. component at balance ; but any vnltage
drop due to DLC. must, of course, be allowed for in
adjusting the anode voltage. The chief practical difficulty,
especially with high-p valves, is to avoid excessive stray
capacitance due (o batteries and phones. Fig, 142 shows
how this can be done, and also an amplifier as an alterna-
tive to phones. As R is generally much larger than r,
there is likely to be a
preponderance of valve
capacitance current via
the anode, so a con-
denser G is shown for
balancing it out. This
preliminary balance is T
carried out with the
valve cold. If R is
fixed at some valuc
such as 1000 2, r can be
direct-reading in p.

g 142: Elaboraced valve
bridge, showing capacicance
bafance, amplifier for In.
creasing sensiciveness o

ecting balance, and
additional arms for measur- /

well i .,

=;

By switching in the resistance R, the same circuit can be
used for measuring r,.  When balance s again achieved,

:R,<£M*1

It will e noticed that if 7 and R are of the correct
values to balance for g, it is impossible to balance 7,.
But if, when r and R are right for u

R

215. Anode bal q
A.C. Resistance alance, a  resistance R, = o
is switched in at the same time as
Ry, the formmla simplifies to 7, = 100R;, and this
266
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is very convenient for making R, a direct-reading
control.
The circuit for measurement of g, is delightfully simple

(Fig. 143) and sois the calculation (gm =) Ifihercsult

R
is wanted in milliamps per volt, or
216, Mutual millimhos, multiply by rooa; if in
Conductance microamps per volt, or micromhos,

by 1,000,000, It would be possible,
without unduly complicated switching, to adapt the
arrangement of Fig. 142 to include this test also.

Note that in this method any screen or other electrode
to be kept at a steady voltage with regard to the cathode
must be supplied by a battery separate from the onc used
for the anode.  P. D. Tyersdescribes in The Wireless World,
Aug. 13th, 1937, an equivalent D.C. mcthod of measure-
ment which is arranged to avoid scparate batteries.

Of the three quantities, g, is the one that most usefully
expresses the  goodness ” of the valve, and so is often the
one to be measured—more or less—in commercial valve
checkers. A very simple method is to note the reduction
in anode current on switching in a cathode-biasing resistor
(Fig. 144). A full account of this was given in Experimental
Wireless (now The Wireless Engineer), Sept., 1928. The
anode current meter is adjusted to full scale, I,, with R
short-circuited ; the switch is then opened, and the new
reading, I,, noted. Then

men=ly B ..
I, R Ta
and il , is not very low the second term can be neglected
in approximate tests, and the instrument made direct-
reading. In any case it is useful for comparative tests.

Another suggestion by the author for a simple gn-meter
for scrvice or Toutine tests is illustrated by Fig. 145 taken
from an article “ The Hartley Circuit” in The Wireless
World, May a1st and 28th, 1937, in which the underlying
principles and calibration are explained. It makes use of
a close-coupled Hartley oscillating circuil, such 4s a € : 3
ratio iron core tramsformer of gH in parallel with
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0-005 poF ; risa rheostat
ofabout 25,000 @ maxi-
mum, which can be cali-
brated directly in g,
Tt is adjusted vndl the
meter indicates the start
of oscillation. The
existence of oscillation

Frg. 143 Circunt
for measurement of
mutval conduccance

Fig 1442 A simple

DCT. method of

mutsal conductance
Testing

GRID VOLTS
+

Fig. 145 . Anather

y of the
valve under tese to
set up oscilfatlon

is, perhaps, more convincing cvidence of the sounduess
of a valve than tests of a more academic nature.
Apart fiom the usual characteristics alrcady discussed
one of the most important is the effect of the valve on the
circuits to which it is connected. A
217, Input and  tuned coupling circuit, for example, is
Output Losses  affected by the output impedance of
. N the preceding valve and the input
jmpedance of the succeeding valve. The former consists
268
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mainly of r,, and with negative bias the latter ought to be
infinite, but actually both valves have a certain amount
of capacitance which, with its resistive component, intro-
duces some loss as well as change in tuning. Thesc effects
are present when the valve is cold, but when it is working
there are additional effects that can be lumped in with
them. For example, at ultra-high frequencies the apparent
input shunt resistance falls off very seriously due to a phase
change caused by the finite time taken by electrons to
cross the inter-clectrode spaces. Then there is the cele-
brated Miller effect, caused by amplified potentals on the
anode working back to the grid via the anode-grid capaci-
tance. The resistance and reactance thus reflected may
be either positive or negative, according to the nature of
the anode circuit,

The transit-time cffect is rather diflicult to investigate*;
but all the others can be measurcd by the dynatron, in
exactly the same manner as for R.F. chokes (scc Secs.
184-5), and the value exptessed as an equivalent resistance
and reactance {or capacitance, if more convenient). As
hoth may be very high, and the shunting cffect therefore
small, it is desirable for the oscillatory circuit itself to have
a vory high Q in order to show up the effect measurably.

Aerials

The resistance and reactance of an aerial, whether of
open or frame type, can also be measured by the
dynatron, and calls for no further
218. Impedance comment cxcept to point out that
Measurements the impedance may be too low to
be measured comlortably  straight
across the © X7’ terminals and may have to be connected
across a scction of the coil as deseribed in Sec. 196.  And,
strictly spcaking, onc ought to hold a transmitting licence

kefore making such tests !

For information see * Inpui Rewstance ot Vacuum TLubes ss Ultea-[ligh
Trequency Aunlifiess ™, W. K. Terews, Prac. LR E Tanwary, 1936, 0 82, Grid
Lass at Ulte-High-Frequencies . Scrogme, Wireless World Oct 23ed, 1936
“Characturistic Constants of H.F. Pentodes *, M, 1. O, Strutt, Wireless Enguneer,
September, 1917.
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N this chapter we progress fom individual components
to combinations of components, o which receivers arc
the most plentiful examples. But a receiver is two

steps upward in complexity, for even the simplest includes
several departments, each of which is a distinet
combination ; and the performance of a receiver cannot
be analysed unless measurements arc madc on these
separately.  So firstly there are

Amplifiers
Presumably the most important thing to know about
an amplifier is its amplification or gain, and how this
depends on frequency and amplitude of the signal. The

relationship to amplitude leads on to consideration of

output power and distortion.

s the usual practice is to express gain in decibels it
may be as well to digress for a moment in order to be
quite clear about what this unit
219. Need for  means. Ii appears that sometimes
using Decibels its use causes a eertain amount of
contusion, particularly when the input
to anr amplifier is measured in valts and the output in watls.
“Lhe most obvious way of specifying gain is as the ratio
hclwrt‘n input and output. If an input signal of 2 volts
applied and the resulting output is 100 volts, the gain
is 197 or 50. Of coursc, this is not necessarily the same
as the gain when a signal of 1 volt is applied, for the
signal level must be taken into account if it is not within

the range of substantially lincar amplification.
A 1:1 output translormer added to this amplificr may
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pethaps reduce the 100 volis Lo 85 volts, giving a * gain
of 085 (any gain lcss than 1 is, of course, a loss).  The
overall gain is thus 50 X 085, or 42°5.

A disadvantage of this method of reckoning is that il
the relationship between gain and, say, frcqucncv is
cxpressed by means of a curve on such 4 basis, it is very
difficult to get a fair idea of the performance of the
amplifier by looking at the shape of the curve. Fig. 146
shows threc frequency characteristic curves. The only
thing that can be reliably learnt from a glance at them is
that_amplifier A gives a greater gain than B, which in
turn gives more than C. But whereas it appears at first
sight that the difference between A and B is wider than
that between B and C, reference to the scale of gain shows
that while A is 24 times B, B is 4 times C. ‘Uhis way of
plotting amplification curves is therefore misleading, even
if one i interested in comparing merely the general level
ol gain, But in considering a frequency characteristic the
actual gain is of less consequence than the relative gain
at different frequencies.  Curve C is nearly flat compared
with curve A, and onc might jump to the conclusion that
the amplifier it represents gives morce uniform amplification.
But in actual fact all three curves indicate identical
frequency characterisiics.

50| A
§ the curves loads €o quice
z [
1,7\
c

FREQUENCY I CYOLES PCR SECONG
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As a plotted curve has little purpose if it does not succeed
in saving one [rom having to make numerical calculations
in order to draw fair conclusions, there is obviously a need
for some system of reckoning gain which will make things
that actually are equal look equal,  This object is attained
if gain is plotted on logarithmically-divided paper.
Frequency scales already are, or should be, plotted in this
way, for similar reasons. 147 shows the same three
curves transferred to such a sheel and even if the gain
scale were omitted altogether one could depend upon the
sluprs and respective levels of the three curves to present

a fair comparison. A given distance along the vertical
scale represents a certain increase in gain, wherever along
the scale it may be ¢ so it is an obvious step to divide the
scale into equal divisions and call them units of gain.
tenfold increase is divided into ten equal steps called

decibels, and as a gain of 1 on the
220, Proper use original scale is really neither a gain
of Decibels nor a loss, it may he made o on the

decibel scale. 10 on the gain ratio
scale therefore corresponds to 10 on the db scale, 100 to 20,
and so on.  Because the db scale is unilormly divided, one
is free to put the zero wherever it is convenient. For
instance, in studying one of the amplifiers whose charac-
teristics are shown in Fig. 147 it might be convenient to

Fig 147 . When the curves
offig. 146 ars reploreed on

true proportons appear

oaIN {paweR Ratk
oecieeLs

T
FREQUENCY 1N GYCLES PER S€COND

2
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fix the zero level by the flat portion of the curve, or by its
level at some standard [requency such as 400 or 1,000 ¢fs.
The graph would then read dircetly db below or above
normal,  And for eurves of such things as gramophonc
pick-ups, whete gain is meaningless, the choice of zero
dly level is similarly open.

Tor this reason there is no sense in referring to a power
or signal strength of so many decibels, unless some starting
point is specilied or understued. It is correct to refer to
an output of half 2 watt as +10 db if it has been agrecd to
call 50 mW * zera”

Mathemalically the gain in dh = 1o logy B,,whcm

P, and P, are input and output pawer, or alternauvelv
the power before and atter some change has been made in
the operating condition.

In radio practice it is usual to measurc the signal at one
or both ends of the amplifier in volts. In line telephane
work, where decibels originated, signals are usually
established across some definite  impedance such as
600 ohms, and as power is proportional to V2, the gain

in db = 20 log ()% assuming that the impedance is the same
f

an both casest* 1f V, and V, are *“ before and after * figures,

Ticing measured at the same place each time, there is

abvicusly no difliculty about impedance. But if the
impedances, Z, and Z.,, are different the proper formula
K

s where K, and K,

is20 mg,“:f + 1010g, 21 4 10 logy
AR (B0 (oK et e (i Brpihmeng. o iF currents

{, and I, are measured, the gain in db is 20 lug,,‘ T +

00 g Lt 102,01]; s otherwise one gets ——

such as a hlghvgam amplifier with a low impedance output
apparently giving a decibel luss, or a transformes by
jtself giving a gain,
In valve amplifiers the impedance at the input to a
valve may sometimes be practically infinity, which leads
273




RADIO LABORATORY HANDBOOK

0 a result almost as absurd as the previous one, and
considerably more useless ; so, as the actual gain or loss
at any particular point on the curve is generally of minor

importance compared with the relative level under various

conditions, it is customary to leave impedance out of
account. Bul the prevalence of this practicc must not he
allowed to obscure the (rue priuciple, or confusion sooncr
or later is certain,

Tables connecting decibels with voltage (or current)
and power 1atios are given in Scc. 308, but the best way
is (o read them ofl a slide rule.  Suppose the output power
of a reeciver is observed to rise from 46 to 58 mW as the
result of a change in frequency. The ratio found on the

slide rule in the ordimary way is 1-26 ; but if instead of

bothering to look for this the log scale is read—nearly o-1

—the gain in db is obtained hy the simple proccss of

multiplying by 10, and is therefore 1. This works only
when the ratio is not over 10, For every additional Rgure
to the left of the decimal pont in the ratio it is necessary
to add 10 db to the result; or to subtract 10 for each
place to the right.  With practice the process becomcs as
rapid as ordinary slide rule calculation. 1f the readings
in the above example were taken in volts they would be
iu the 1atio of 1112 (Le,, V1126), or 0:05 on the log scale,
and must be muliiplied by 20, giving © db again,
Incidentally, 1 db is about the least change in signal
strength that can be noticed by ear when it is made rapidly.
Coming now to work on amplificrs, the technique differs
according to the frequency, so first will be comsidered
audio-frequency amplificrs, either as
221. Measurement scparate units or departments of a
of A.F. Gain recciver or other apparatus.

Gain or loss can he measured by
applying a suitable signal and obscrving its strength at
input and output.  As already explained, a betier method,
and one that is standard in telecommunication practice, is
to inserl a calibrated attenuator and adjust it until the
net gain of the combination is nil.  Fig. 148 is a diagram
ol the scheme., Of course, it is necessary to consider the
proper terminations ta the unmits: the amplifier will
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ordinarily be working into its proper load, such as a loud-
speaker, or a resistance Tepresenting its normal load.

A single meter can be switched from end to end, as
shown, in which case it need not be calibrated, nor even
be particululy free from * drift » or frequency error, so
long as it daes not take enough current to altcr the signal
when it is switched in. A valve voltmeter, even of
extempotised type, is the obvious type of indicator for
this ; and a cathode-ray tube i also suitable, especially
for large signals. A metal rectifier meter or cven a pair
of headphoncs may be used if their impedance is high
enough relative to the signal circuits. It & merely a
matter of adjusting to equality, not of actual measurement.
It need hardly be mentioned that a sensitive valve volt-
weter should not be switched in such a manner as to
open-circuit its grid between the two posmons, and that
precautions must be taken to exclude non-signal potentials
such as ILT. voltages. Both objects are achieved by using
a grid condenser and leak circuit, but even then there is a
possibility of momentary violent surges on switching over,
which might injurc a scnsitive instument unless it is
temporarily desensitised.  As a maitter of fact there is
rarely any need for sensitive instruments in this type of test.

The alternative ds to use two indicators and no switching,

sanaL

, oureuT
SOUNCE o]

Lo Seren

AmpLIFIER
L ATTENUATOR
o Test o

Fig. 198 Block diagram of the arrangemen of auparatus when measuring ne gain of
any amplifier by comparing it with the loss introduced by ed actenuator. It
T e e e e e O e e e

o e s to adiat ihe signal level at the ints shown by che stars n th
signal screngch disgram to squaliy ; no.meter clibravion s nesded.  Noto thas boch
A2 ek are st reiacivaly (owe signal levels
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so that their impedance does not so much matter ; but it
is necessary to check their readings against one another at
all frequencies if the actual gain is to be measured
accurately. Neither meter need be calibrated, unless the
“zero gain and the signal level are to be measured at
the same time. One ought, however, to have at lcast
some idea of the signal level, in order to avoid overloading
the amplifier or perhaps even the attenuator, ‘T'he method
of connection shown tends to result in a high signal strength,
and is suitable for use with a low-output source. If the
position of amplifier and attenuator were reversed, the
signal level with a weak source might be so low as not
to be clear of noisc, hum, ctc. ; but it is quite satisfactory
if the output of the source is comparable with the normal
outpnt of the amplifier.

Tt is when taking a frequency characteristic that one
realises the immense advantage of having a constant-output

source. If the input signal can be
222, Frequency relied upon to be constant at all
Characteristics frequencics, all that one has to do on

shifting to a new frequency is to
adjust the attenuator to kcep the output mcter reading
constant and then to read the attenuator. Switching and
input adjustment are avoided.

The amateur labotatory may not possess an alteinator
suitahle for the impedance concerned and calibrated over
a wide cnough range. On the ather hand the valve
voltmeter may not he capable of reading over such a wide
range of signal strength as that represented by input
and output of a high-gain amplifier, and, even if it is, it
is not desirable to measure signals of such widcly different
strength if it can be avoided ; so a compromise between
the methods is shown in Fig. 14g. "The signal is attenuated
to a known extent by the potential divider R Ry, so as
1o make the input and output signals at the voltmeter of
the same order of sirength. There is then litte risk of
feed-back duc to switching and the input signal can be
read on the same voltmeter range as the output. I the
gain of the amplifier is very vatiable, as when a lone-
control system is heing tested, it is desirable for the
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:
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<0 Bring the meter points (o aporomate cqualiye A treder calbranion s then momtcd
as well as the attenuator calibratton, but the need for wide range is avoided, as ar:mm:
Giher edvantaes

atlenuation to be semi-adjustable ; and special care must
be taken to ensure that overloading docs not take place
at any frequency. g. 149, incidentally, illustratcs the
use of the attenuator ahead of the amplifier, but the same
method may be adopted with the circuit of Fig. 148,

The simple switching shown assumes that the < car thy >
side of each instrument is common ; if not, a double-pole
switch is of course néeded.

If the unit to be measured introduces a loss, the
altenuator with which it is compared must be connected in

arallel with it, instead of in cascade ;
223. Measurement otherwise the procedure is the same.
of Attenuation Fig. 150 itlustraies the connections
or Loss when the known attenuator is of the
simple type shown in Fig. 149. To
take an example, suppose the voltmeter reading in
position 1 is 1+3 and in position 2 is 1+5, and that R, and R,
are goo and 100 ohms espectively, ~Then the “ gain * is
15 100
13 900 +100
The procedure in measuring a multi-stage amplifier
277

or 0115, which is — 188 db.




RADIO LABORATORY HANDBOOK
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Fig. 150 - Here cwo attenuatars are being compared and the only difference in method
15 that they are connecced 1 parallel Instead of series. If possible the standard 18
adjusted to make the two sears comcide

stage by stage is obvious, but it is necessary lo take
particular care when instruments are connected across a
valve grid circuit, for even the capacitance of a valve
voltmeter may have an appreciable effect on the secondaty
of a high-ratio step-up (ransformer, or the leads may
iniroduce undesirable leed-back in a very high-gain
amplifier.
If much work is to be done on the testing and design
of A.F. translormeis, tone controls, etc., the continual
plotting of frequency curves becomes
224. Automatic very tedious. It may pay (o set up
Frequency-curve spccial apparatus for Uracing curves
Plotting automatically or semi-automatically.
Various mecthads have been devised,
some depending on mechanical operation of the oscillato
frequency control finked with the frequency base of the
recorder or oscilloscope, and somc entirely clectrical in
action. It is important that the frequency sweep is not
foo rapid for the apparatus under test to follow. An
example of a rapid curve-tracing system is deseribed by
W. N. Weeden, in The Wireless World, August 13th, 1937,

P. 137- . L.
I describing gain- and [requency-characteristic measurc-
menis on amplificrs, the only references to signal amplitude
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have been warnings to keep it well
225. Avoidance within the handling capacity of the
of Overloading aposratus.  Up to a point the output
¢ a normal amplifier is almost
exactly proportional to the input—in other words, the
amplifier has a lincar amplitude characteristic—but
beyond this point the characteristic bends over in some
such way as is shown in Fig. 151. It is evident that if
curve 1 is the characteristic of an amplifier it does not
matter what signal strength is used to measure its gain so
Jong as the input does not exceed A’ (or the output exceed
A%, The need for caution occurs when the gain is
measured at other [requencies or conditions, because if at
some other frequency the gain is higher, as shown by
curve 2, the original maximum allowable input voltage
A' might go beyond the new overload point B. It happens
that a constant output voltage would have avoided this
error, but it is possible for the characteristic to change to
curve g, when neither input nor output voltages previously
certified to be safe could be allowed.
The position of the overload point is not absolutely
definite, becausc if an apparently straight portion of
) characteristic is accurately plotted on
226, Determina-  a sufliciently large scale it is found to
tion of Overload-
point

be not quite straight.
Any curvature causes A
some  harmonic  distor-
lion and it is just a
«uestion of how much is

ouTRuT

Flg 151 Showing that a

may overload It in apother r
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allowable. A customary allowance is § per cent,, but
someltintes this reckons in all harmonics, and sometimes it
includes only the strongest—and or grd, as the case may
be. There arc other more complicated methods of
1eckoning harmonic distortion, in the cffort o meke it a
fair measure af the objectionableness of what one hears.

In testing amplifiers it is desirable to be able to measure
(a) the maximum output that does not contain more
than a specificd percentage of specificd harmonics, or
(4) the harmonics present when a specified output is
being given.  Unfortunately there is no entirely satislactory
mcthod of getting either of these strictly definite results
without more or less claborate or cosily apparatus : but
if some margin is allowed to cover individual judgment
it is a simple matter (o discover a practical overload point.
A gain-mcasuring circuit, such as that of Fig. 149 is used,
and the signal increased until the gain shows decided
signs ol falling ofl.  An elaboration of this method that
is_particulasly useful for rapid production tests is a pair
of ganged attenuators, one ahead of the amplifier and the
other behind, so arranged as to keep the total attenuation
constant. S0 long as the amplifier is lincar, thesefore, the
final output is steady, but beyond the overload point it
changes. The attenuator can be calibrated in output
power.

For occasional tests one would plot a cmve such ay
those already discussed in Fig. 151. It can be plotted
cither in terms of voltage or power—ithie latter is morc
usual—hut not a mixture of both. If the input is measured
in volts, the readings should be squared in order (o plot
against walts, as in Fig. 152. This curve appcars to be
quite linear only as far as 1, but that is a rather excessively
conservative overload point. Good quality may be
expected with the very moderate curvature up to 2, but
an output corresponding to the third point would probably
be marred by noticeable distortion.

Instruments for measuring output power are discussed
in Sec. 60. The usual methods involve measurement ol
the voltage developed across a known resistance—the load
resistance. T the voltage is measured across a loud speaker

230
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or similar load, it must
be remembered that it
isnejther consiant at all
frequencies nor non-
reactive, and the nomi-
nal resistance of the
loud speaker multiplied
by the square ol the
volltage may be con-
siderably different from
the actual watts.

ouTRUT WaTTS

Fig. 152 : Typical iput, aucput characteristic of an
amplifier ar ‘orher unit, showing how estimation
of the overload pomne is 2 matcer for |udgment

(npuT vouTs)?

It is often instructive to take a load resistance charac-
teristic, which is a curve of output watts against load
resistance. Lhere are two varicties,

227. Load- which must not be confused. In each
resistance case the load resistance is varied and
Characteristics the corresponding watts in it observed,

but in one the signal voltage to the
grid of the valve is kept constant at some level comfortably
below the overload point, and in the other the signal
voltage is adjusted for cach load resistance unil a specified
limit of distortion is reached. In the first case the
maximum output is obtaiued when the load resistance
cquals the effective internal resistance of the valve feeding
it (and is a convenient method of incasuring that quantity) ;
in the other, the load resistance giving the greatest useful
outpul, and the amount of that output, are found ; the
optimum resistance depends on a number of conditons,
but is usually at least twice a triode valve resistance and
only a fraction of a pentode resistance. Nolte the effective
internal resistance is mentioned above ; if negative feed-
back is used, such resistance may be quite different from
the actual valve resistance.

A curve such as Fig. 152 does not give much idea of the
nature of the distortion. A much better and actually
easier test is by means of the cathode-ray tube as described
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228. Detection of in Sec. 207 in connection with trans-
Non-linearity by formers, cxcept that, in an amplifier,
Cathode-ray Tube OA (indicating the input voltage)

may be so small compared with
OB (the output) as to make the line almost vertical,
whercas for examining distortion it is better for it to
be at about 45° ta the vertical ; and the expedient
described in connection with ¥ig. 149 is adopted to bring
input and output vollages at the tubc appioximately
equal, either by applying more than the amplifier input
or stepping down its oulput. As a cathode-ray tube
requires a fairly large deflection voltage (compaed with
the usual valve voluneter), and deflcetion amplifiers are
obviously undesirable for the present purpose, the former
method is shown in Fig. 153.

Fig. 153 : Detection of smplifier
distortion and phase stufe by
applying inpuc and outpuc signals
{wich “suitzble equalisation)

athode-ray _deflector plates. An

15 unnecestary

Phase shift is not considered to be a distortion so far as
continuous tones are concerned, but is important in
television amplifiers and m negalive
229. Phase Shift fced-back amplifiers.  Zero phasc shilt
or a multiple of 180° shift) is
indicated by a diagonal line enclosing ne area. As the
shift increases to go° the line opens out inte a cirele (or
ellipse, it OA and OB ate uncqual), and then contracts
to a diagonal with the opposite slope at 180°.  Of course
180° shift can always be produced by reversing one pair
i ol connections. An Induclive
load- or coupling-impedance,
or capacitance reactance In
series with either (both occut
in amplifiers at the lowest fre-
quencics) causes a phase lead;
the reverse (both occur at the
282

arrngement  of
Fig. 153 15 used
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highest frequencies), a lag. I, therefore, an inductance is
shunted acioss the output and the phase shilt is seen on
the screen to increase, the original shift must have been a
lead ; and wvice versa.

Amplitude distortion is detected in the same way as
described fof transformers, and illustrated in Fig. 136

to 4. When there is no phase
230. General difference, this is a fairly delicate test
Usefulness of for such distortion—much mere so
Cathode-ray Tube than throwing the waveform of the
in Amplifier output on the screen on a linear time
Testing base, and is much easier to cairy out
Decanse no time base is nceded, nor
need the test signal itself be undistoied.  An exception is when
the amplification of the unit under lest discriminates
considerably between the frequency of the test signal and
its hammonics.  When designing or investigating an ampli-
her a cathode-ray tube across input and output is an
indispensable aid.  One can learn mote about it in half
an hour than by days of testing with mcters. It is partica-
larly valuable for detecting spurious oscillation of an
amplificr {and, incidentally, establishing its {requency),
nat enly when the amplifier is at rest but also when working
undet various conditions, It is a possibility for spurions
oscillation to occur at only one part of the cycle of a
signal (indicated by such as Tig. 154), and only within
certain limits of amplitude and Irequency. This would
cause an unpleasant buzz ar blast on certain notes, but
what chance would there he of detecting the cause with
anything than a cathode-ray tube !

A cathode-ray figure can also be used for mcasuring the
actual proportions of the lLarmonics, provided that the
inputfoutput figure is a line and
encloses no arca (a condition that
exists in the majority of cases at some
medivm frequency, even when the
load is mot a resistor), and that thete is no cathode-ray
arigin-distor tion.

The following method is adapted from that described
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by J. A, Hutcheson,* who demonstrates it for all harmonics
up to and including the seventh ; and it involves only the
simplest arithmede. TFig. 155 shows how the requisite
data are derived from the cathode-ray figure. The total
oulput swing, e, is measured, as it conveniently can be by
cutting oll' the input (horizontal) deflection.  The other
quantities, b to g, are the distances, measured vertically
(in the direction of the output deflection), from a straight
line drawn between the ends of the curve to selected points
on the curve, The relative horizontal distribution of
these points is shown. Distances measured downards
from the straight line are called negative, those upwards are
positive.  These signs must be carefully observed through-
out the calculation, but the signs of the final answers are
of no great significance. The distances can either be
measurcd in volts il the screen is calibrated, in which case
the amplitudes of the harmonics are given in volts ; or
in any arbitraiy units such as millimetres, for the units
make no difference to the harmonic percentages.

If the amplitudes of the various harmonics
are denoted by V,, Vi, ete., they arc givenhy

v, _L+e

ouTpuT

Fig. i55  From the cathode-

vy figure che approximate pro-

portions of the harmonics can
e worked out as described

NPT

* Llectronics, Jenvary, 1936, p. 16.
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{e—1-82V,— 1092V 40655V —0-699V;—0-751V,).
1146

I'he seventh is the only ene that takes more than a moment
or two to work out, and it can be omitted unless there is
reason to believe that the upper odd harmonics are
appreciable.

The amplitude of the fundamemntal, V', differs [rom the
amplitude of deflection only by the odd harmonics : —

v‘,‘i‘+vsf\’,+\'=

100 V,

V=

The percentage of any harmonic is and the

percentage total harmonics is
100 —
s v
e \/v_ TV VL

It is essential to measure the figure accurately and 1o
avoid distortion of it, for unless the clectrical distortion
is very bad the harmonics arc relatively small. Also,
because they are calculated as differences between prabably
larger quantities, the working ust be done to at least onc
more significant figure than is expected in the answers.
Generally two significaut [igures are satisfactory in the
answers, and only the first is likely to be at all reliable even
if the work has been done very carefully.

As an exawple, suppose that in Fig. 155

a =120
b= —1a
[ 12
a— =3
r— —2
J=2
£— 3

Then

v, -2z W og

3 1
Vo = 4
Vi—o
T 285
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—3

S
I

= 467 — 460 = o-07

1146
_ —2 + 607 — 510 - 005 + 013
- 17146

V, = 6o 4 467 — 007 — 083

— o83

Percentage aud harmonic

”» 3re »

» 4th »

2 5th »

» 6th »

» 7th » S I9
38 total ) = g7

For measuring harmonics more accurately and under
more general i the methods ly used make
use of a [ilter or biidge to balance out

232, Measurement the fundamental, and an attenuator
of Harmonics to compare what is left—i.e,, the
total harmonics—with the funda-

menial. The filter method, exemplified by the General
Radio 732-B Distortion and Noisc Meter, is satisfactory
at any one fixed frequency ; but it is impracticable to
vary the cut-off frequency of the filter widely. 1he
Marconi-Ekeo TF-142 Distortion Factor Meter makes use
of a bridge to balance out the fundamental, which may
be anything from 100 to 8,000 c/s. It is therefore much
more useful, because harmonic distortion negligible at one
frequency may be serious at another, but naturally the
apparatus is more costly and complex. Neither of these
gives the order and proportions of the separate harmonics ¢
to get these a still more elaborate instrument must be
used, such as the General Radio 736-A Wave Analyser.
Various methods have been described for analysing

286

MEASUREMENTS : SETS

harmonics, such as the production of slow beats by applying
an analysing oscillation at each harmonic frequency in
turn,* but the author’s experience is that unless harmonic
analysers are designed and used with great care, or are
very restricted in scope, the results are not satisfactory or
easy to obtain. For example, an oscillator is required
whose own harmonics are entirely negligible. The
cathode-ray method at least avoids this scrious difficulty.
Auwplificr tests so far described involve the application
of only one test signal at a time. Considering that
amplificrs are seldom actually used
233, Inter- under such a restricted condition it is
modulation surprising that these tests are gencrally
regarded as adequate, 1t is most
informative to apply two signals simultaneously, and is
another line of attack on the type of distortion—non-
linearity—that causes harmonics. ~ If an amplificr, gramo-
phone pick-up, microphone, loud speaker, or other link in
the chain has 2 non-linear characteristic—i.e., oulput not
in exact proportion to input—not only are harmonics
produced on top of any single tome being handled but
two or more tones being handled simulianeously modulate
ene another and producc a wholc range of new tones not
present in the original, Harmonics at lcast harmonise
with the tundamental (though not necessarily with one
another) but modulation products are generally bad
discords.t I one tone carries the amplificr to a portion
of its characteristic where the amplification is appreciahly
different from that to smaller signals, any weaker tone
simultaneously present is mutilated. A very low [requency
may not be conspicuous, owing to the insensitiveness of
the car to low tones, bul yet may have by far the greatest
amplitude present, cnough to cut up the more audible

*eg, W. Greenwood in The Wareless Engincer, June, 1932, p. gro

110 3 paper which deserves careful study (Wireless B, ebruany 1017,
P 63), I arries acrives at Lhe con that the ohjectionzbleness (i
Don Tackiity distortion san. b rehably corimated b . in
A cectimn way, wheregs the usual estimations on the anic percentages
1s very musléading. ‘L'hus substantiates our feehng that pentodes do not sound so

goed as harmonic data make them out ta be. Thers stems to be no doubt that
tor estimating lolucable output the present harmonic distarion tests oUght to be
aced by intermodulation tests.
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middle and top frequencies. This was mentioned in
connection with loud speakers (Sec, 20g) and a method of
test briefly described. Amplifiers, because their output is
in clecttical instead of acoustical form, are easier to test
in this way,* and Fig. 136 shows the scheme.

Fig. 156 . Apparatus for testing amplifiers for intermodulation, due ta non-finsarity

A convenient source of the low frequency is the ever-
useful A.C. ains, while the high frequency may be
1,000-2,000 ¢/s and is kept far within the handling ability
of the amplifier or other apparatus under test. The low
Irequency is adjustable up to the overload point. A filter
with a cut-ofl at, say, 100 ¢/s, removes the low [requency,
and the high hiequency can be examined for modulation
by loud speaker or cathode-ray tule. Tf the latter, the
filter makes a very delicate lest possible, because the
removal of the strong signa) cnables the weak to he
amplified and the damage examined, as it were, through
a microscope. I the amplifier is perfect within the limits
of the strong signal, the weak appears on the screen at
uniform amplitude ; but if there is non-linearity its nature
is revealed by the contour of the wave. In this connection,
the low-frequency base shown in Fig. 156 is simpler 1o
supply and casier to interpret than the linear base shown
by Bartlett. A pentode or other element that flattens
both positive and negative peaks will obvieusly produce a
result such as Fig. 157 (a) ; while a partial rectifier such
as a triode shows up as at . If the distortion is taking
place al some stage differing in phase from the signal at
the input, the envelope of the wave shows loops as at ¢.

*For more wiformation refer 10 A. C. artlett, The Wircless kngmeer, Febiuary

1935, 1 70
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In certain circumstances, such as push-pull operation,
the modulating tone may be the ripple left over as a result
of ‘inadequate smoothing. In a
234, Modulation straight amplifier such a ripple would
Hum show up as excessive hum, but in
push-pull such hum is cancelled out.
If too much advantage is taken of this in reducing smoothing
compenents, the ripple, though sufliciently balanced out
to be inoffensive with no signal, may nevertheless swing
eacl valve over so much of its characteristic as to modulate
a signal.  This modulation hum can be identified by
examining the output of the amplifier with the cathode-ray
tube on a basc of the A.C. supply feeding the amplificr
power unit. A single test signal, of a relatively high
liequency, is applied ; and a filter is not cssential, so the
apparats is very simple. Modulation hum shows up as
an irrcgularity in the cnvelope of the signal wave, and its
seriousness can be gauged by comparison with the mean
amplitude of the signal.
The measurement of straight hum might scem relatively
simple. but it is not.  The results of nsing an output power
meter or an A.C., voltmeter across the
235, Measurement output of the amplifier ate almost
of Hi entirely  uscless,  Owing 1o the
cnormous dependence of the scnsi-
tivity of the ear on frequency (the expression “ frequency
distortion due to the ear ” sounds a bit hard on Nature),
and_such complications as speaker resonances, a barely
audible low-pitched hum may give a pronounced reading
on a meter which fails to show any response at all to an

i it o

(a) iv)

Fig 157 - Typical cachode ray figures displaying sntermodulaion
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aurally poisonous high-pitched ripple. One partial
solution is to interposc a * weighted network —a filter
designed to attenuale frequencies in proportion to the
sensitivity of the car—fllowed by or combined with an
amplifier. The slope of the average aural characteristic
(Fig. 158) is about 12 db per octave up to 800 c/s in the
region ‘of 20 phons loudness (which may be regarded as
typical of unobjcctionable hum). ~ An increase of 6 db per
octave can be obtained by taking the potentials developed
acioss an inductance in a constant-current circuit, such as
a pentode whose internal resistance is very much greater

than the maximum load impedance.
236, * Weighting ** The required characteristic can there-
an Amplifier forc be obtained by employing two

stages in cascade. The inductance is
selected by considering the frequency at which no gain is

\ (e
i N -7
§ o
3
M T
£ —
H R —
N~ &
Taen, A4
o
T e T sewm w0

REQUENCY 1 CYGLES PER BECOND
fig 158 Average (raractsronin of th hoeman cere The curves of squal loudusse
{messtied In phors) are very diferenc from che horizoncalseraght lines corresponding
Lo equal mtensites f sound By v the " weighted - ampiiher shomicd n P 135
the 20-phon {ine Is brought up 1o the almost level dotted e, enbhng an ordmary
exer co read proportionstely to ludness
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1 e

g

Fig. 159z Circut of

fier to compensate
for che character- (D)
"

I T

necessary. Assuming a pentode with a working mulual
conductance of z mA/V, an inductance of 1} H gives a
small gain at 100 c/s, which is the lowest main component
in a full wave rectificr system, and a slight loss at 50 cfs,
which is prominent in a half-wave system. The resistance
of the coil should not exceed about 200 @ at the most.
To limit the gain at the upper frequencies and bring the
compensation into accord with the remainder of the aural
characteristic, the coil is shunted by 10,000 Q resistance
and 0-002 pF capacitance. Fig. 159 shows the circuit of
a proposed weighted amplifier on these lines. The
approximate overall gain is

cfs ‘ g0 100 300 [,000 8,000 10,000

Gain,db | —10 8 28 42 48 P

and the resultant of this and the 20-phon aural charac-
teristic is shown as a dotted line in Fig, 158. ‘The output
voltmeter should either have an impedance not less than
about o1 M, or be driven from a stage of power
amplification, and is preferably of the R.M.S. variety.
When connected across the output load, Ry, of an amplifier
under test, the voltmeter reading divided by V/Ry, gives
a comparative indication of the sound that would be
produced by 2 perfect loud speaker substituted for Ry.
Note that the weighting amplifier gives a nearly level aural
characteristic over the whole audible frequency band, and
291
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any hiss or other noise present is also indicated ; if only
hum is (o be included, a filier cutting off above about

1,000 /s should be interposed.
Passing now to radio-frequency amplifiers, the differences
are more in emphasis than in basic principle. The method
of measuring A.F. gain (Sec. 221) is

237. R.F. applicable, if proper precautions are
Amplifiers— taken to avoid stray reactances in the
Measurement attcnuator and in  the indicator.
of Gain Unless the fiequency and the total

gain are comparatively low iL is
gencrally impractieable to bring the signat from the high-
level end of the attenuator out into the open, and therefore
to gel an absolute measurement of gain both attenuato
and output meler must be calibrated. The attenuator is
almost invariably ahead of the amplifier and incorporated
in the source, which thus becomes a standard signal
generator, Metal-rectifier meters at best are available
only at the lowest radio frequencies, and the valve volt-
meter is the standard form of indicator. Kven its eflect
on the circuit must be considered and allowed for. Such
eflects can be avoided if the system to be measured includes
a detector valve, for there is little difficulty in adapting it
to serve as a lemporary valve voltmeter by inserting a
suitable meter in the anode circuit. The rectified current
in a diode detector is only a few microamps, but if a
Tow-reading microammeter is not available an alternative
is to observe the anode current in an added valve used as
a Z.F. amplificr (Fig. 40). The popular double-diode-
triode can wually be slightly modificd 1o respond to the
Z.F. component of the diode’s output.

The method of connecting the test oscillator or signal
generator varics according to the nature of the test, as
shown in Fig. 160, wheie a “band-pass tuned input is
selected as an example. If the test is meant to start from
the aerial terminals and to allow for the external loss in
the acrial, the oscillator is joined to the aerial terminals
via the dummy acrial (a). Next the signal is shown injected
in the first tuned circuit, 1o leave the aerial coupling out
of account (§). Next it is similarly connected in the
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s
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order o analyse their
formanee

293




RADIO LABORATORY HANDBOOK

secondary, and the loading of the primary may be included,
or not, by switching, or better still by removing it entirely
(¢). Lastly the oscillator is connected straight to the grid,
short-circuiting the tuned circuit, which, if in tune, shunts
the generator negligibly (4). It is assumed in all cases
that the oscillazor impedance is no more than a fcw ohms.
In practice it may be enough to cause appreciable
flattening of a sharp circuit when connected in series.

By adopting these connections in turn it is possible to
analyse the tuning system and determine the gain or loss
due to each element. For example, with a fixed signal
the output (measurcd in the anode circuit or farther on
in the systein), might be o-5, 5, 10, and o'125 volts re-
spectively, showing a tenfold loss due to the aerial and
coupling, and a magnification or Q> of 8o for the
tuned circuits.

In view of the generator-resistance crror in measuring
Q—especially if large—in this way it is generally better
to arrive at it by the resonance curve method (Sec. 197)

Relative measurements, such as frequency characteristic
curves, can be made il the instrurment at only one end is

calibrated, the other merely serving
238. Selectivity to keep the level constant. Radio-
Curves frequency characteristic curves can

be taken either with the amplifier
retuncd for each reading, or with the tuning left alone,
and in the latter case are better known as resonance or
selectivity curves. The variation of gain over the band
of frequencies covered by a sclectivity curve may be so
great as to make the choice between constant-input and
constant-output methods a matter of some importance.
The choice is usually setfled mare by practicability of
mcasurement than by a consideration of which corresponds
the more closely to actual working conditions. With a
constant input the output meter would not only have to
cover an exceptionally wide range but probably be called
upon to rcad impracticably low voltages. Measurcment
of selectivity will be more fully treated in the section on
signal generator tests of receivers; without a standard
signal generator one is limited to measurements of low
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gain, and moderate selectivity such as that due to a single
tuned circuit or the upper portion of a highly selective
characteristic ; in other words, it is possible 1o stuly side-

band cutting but not adjacent channel sclectivity of

modern systems,  If a single unscreened circuit is to be
examined it may be energised by a fairly powerlul un-
screcned oscillator placed near cnough to give a good
reading on the valve voltmeter conunected in parallel, but
not near enough to load or * pull » the cirenit appreciably.
If the circuil under test is very selecive the loading due
to the voltmeter must either be allowed for (see Sec. 188),
the voltmeter tapped down the coil, or the associated valve,
if any, adapted as a voltmeter.

‘I'he frequency of either the oscillator or the circuit or
amplifier under test (usually the former) is varied over a
band of perhaps -£10 kefs, and the variation in output
noted. It is very helpful if the oscillator is provided with
a fine control for frequency. Unless a rather complicated
system is used it is hardly practicable to calibrate this
selectivity tuning control accurately in frequency, Lo be
direct-reading at all scttings of the mains tuning control.
The most accurate method of measuring the frequency
displacement over a narrow band is by means of the
audible beat-frequency set up between it and a fixed-
frequency oscillator.

The frequency-modulated oscillator system described in
Chapter 5 (Sec. 85) for depicting response curves cor
tinuously on the screen of a cathode-tay tube is worth its
complexity when very much work is to be doe on selective
systems, more especially those involving more than one
tuned cireuit between valves—the so-called band-pass
tuncrs.  Further reference to this will be made in con-
nection with reccivers.

Non-linearity distortion of a carrier wave as such is not
of prime importance ; one is concerned with distortion

of the modulated envelope. The
239. R.F. likelihood of such distortion increases
Non-linearity with the depth of modulation. For
Distortion measuring it, 2 modulated oscillator is
of course nieeded, and the modulating
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signal should be accessible for connecling across one
pair of deflection plates of the cathode-ray tube. The
depth and purity of modulation of the oscillator can be
observed by connecting the modulated output through an
amplifier known to be reasonably distortionless to the
other pair of plates. The result is a figure such as
100 (A — B)
@A+ B
per cent., and the absence of distortion is indicated by the
straightness of the sloping sides.  Vig. 161 (4) is an example
of distorted modulation, and ¢ of over-modulation.
Having ascertained that the oscillator itsell is beyond
reproach, it output can then be applied to the amplifier
under test, and the output of the latter similarly examined.
Note that purity of the modulating signal is not essential
in making this test,

Fig. 161 (a). The depth of modulation is

Fig. 16} Cathode-ray figures from which the purity and depth of modulacion can be
determined

I the amplifier is followed by a detector, modulation
hum due to inadequately smoothed valve supply current
can be heard by applying an un-
240. R.F. modulated carrier wave over a range
Modulation Hum of strength up to the maximum for
which the amplifier is intended. The
cathode-ray system just described can be used for the same
purpose to make a morc scarching investigation, the
procedure being the same as for A.F. amplifiers, cxcept,
of course, for the frequency of the signal.
Cross-modulation is another non-linearity eflfect that
can be studied in a similar manner. The signal to which
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the amplifier is tuned is unmodulated,
24). Cross- and a signal modulated to a suitable
modulation depth (prefcrably 100 per cent. for

the most exacting test) by an audio
frequency, which can be derived from the mains, is applied
at some ofl-tune frequency. Although this signal is
presumably tuned out by ihe selectivity of the whole
amplifier, the earlier stages may be overloaded by it under
some conditions and its modulation impressed on the
in-tune signal, which is finally applied to the cathode-ray
tube on a basc of the audio frequency. Cross-modulation
appears as a non-uniformity in the amplitude of the signal
on this base, in the same manner as for modulation hum.

Detectors
Apart from the effective load imposed by the detector
on the preceding tuned circuit (which can be measured
with the dynatron as described for
242 Informative R.J. resistances generally), there are
Characteristics a number of characteristics that may
be taken, such as :—

~ (1) Z.F. oulput current or vollage against un-
modulated R.F. input amplitude.

(2) AF. output against modulated R.F. input
amplitude.

(2a) Percentage AF. harmonics against modulated
R.F. input amplitude,

(3} AL, output against modulated R.F. input
modulation depth.

(3a) Percentage A.F. harmonics against modulated
R.F. input modulation depth,

) AL, output against modulated R.F, input

modulation frequency.

The first of these is instructive if the detector is to
supply A.V.C. bias, but gives only a partial idea of the
performance of a signal detector. It shows up overloading
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or saturation of the valve, but a linear Z.F. characteristic
does not necessarily mean absence of harmonic distortion.

If the A.F. load is less than the Z.F. load, as happens
when the former is led through a condenser, there may
be severe distortion, which test (ga) is necessary to evaluate.
(4) is seldom really nceessary, because the imperfections
can usually be calculated fairly casily. (2) or (za) are
very imporiant with the ““ grid ” type of detector, to show
overloading ; are slightly less important with the “ anode
bend * type, to show over- and under-loading ; and ate
less important still with the diode type, which normally
runs no risk of being overloaded. (3) or (3a) are uscful
with any type, because none is perfect at 100 per cent,
modulation. The (a) tests are to be preferred, because
they show directly what can be got at from the others
only by indirect means, but they demand greater instru-
mental resources.

The technique generally is very similar to that for
corresponding tests of amplifiers, but a few notes [ollow
for each.

1) (Z. output against modulated R.F. input).
Unless the hehaviour of the detector is being studied at
exceptionally low signal strength the

243. Technical R.F. input amplitude is normally
Procedure within the scope of a multi-range
valve volimeter, or at worst can be

brought within it by some simple form of potential divider ;
s0 an uncalibrated oscillator can be used as a source, and
the output read on a D.C. milliammecicr or microammeter
in the anode circuit, at a number of input amplitudes
covering the desired range. Then a curve is drawn
connecting them, and inspected with interest for any
bending over, showing overloading. The foot of the
curve is bound to exhibit a bend, but rectifiers differ in
the lower limit of the straight portion. If no suitable
microammeter is available for a diode detector, the drop
across its load resistance can be measured by a slide-back
voltmeter with direct connection (i.e., no grid condenser).

{2) {A¥. output against modulated R.F. input). A
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modulated oscillator is needed as a source, and the per-
centage modulation should be known. A modulation
frequency of 4oo cfs is cusomary. In mcasuring the
output (usually with a valve voltmeter) it is necessaty to
make sue that the R.F. component has been thoroughly
filtered away or it will complicate the readings. This can
easily be checked by shuiting off the modulation and
seeing whether the reading is zero.

The dynamic input/output curve obtained by this test
is much nearer reality than the result of the previous test.
The harmonic distortion can be estimated by applying the
original modulation voltage to one pair of cathode-ray
tube plates, and the A.F. output 10 the other, and pro-
ceeding as for amplifiers; but of course any distortion
due to the modulation process is included. For this
reason it is best to work with a moderatc modulation
depth—c.g., 30 per cent—if it is R.F. amplitude over-
loading that is being primarily studied.

(2a) (A.F. output harmonics against modulated R.F.
input). If the A.F. source is distortionless and a harmonic
bridge or analyser is available, by all means use them (o
measure the distortion dircct.

{3) (AF. output against input modulation depth).
The difficulty about this most valuable test, which, like (2),
can be observed by meter or cathode-ray tube or both,
is that most modulated oscillators fail just where the test
is most interesting—at the modulation depths approaching
100 per cent. 1f they can be modulated at all up to this
point or near it, the distortion is usually impossibly bad.
The modulation system described in Sec. 35 is onc of the
best, but a certain amount of distortion is introduced by
the control rectifier.  For full information tests {2) and (3)
ought to be combined.

32) (A.F. output harmonics against input modulation
depth).  This is even more valuable, but very few people
are blessed with the means of carrying it out properly.

) (A.F. output against input modulation frequency).
I'here is no very great difficulty about this, if a suitable
variable A.F. oscillator is available for modulating purposes.
One usnally suspects a falling-off in output at the highest
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modulation frequencics, duc to condenser-and-leak time
constant ; or a drop at the lowest frequencics, due to
inadequate coupling condenser ; but the range of output
to be measured is normally quite smal.

Frequency Changers

The problem is very similar to the last, but is complicated
by the presence of the Lieterodyne oscillator, adjustment of
which influences the perlormance.

244, Measurement The most practical test 15 to measuie
of Heterodyne the heterodyne voltage over the whole
Voltage of its frequency range to make sure
that it nowhere departs too drastically

liom that recommended for the type of valve. The valve

voltmeter range ought to include 2 to 3o volts.

Measurcment of conversion conductance can be tackled
in the straightforward way of applying a known signal
voltake to the control grid and measur-

245. Measurement ing the LF. output under actual
of Conversion working conditions, but the laiter
Ceonductance parl of it presents some difficulties.
The 1F. must be scparated as well

as possible from the components of other frequencies, by
choosing an LF. widely different from the others and
measuring the output voltage with a low-loss valve volt-
meter across a sharply-tuned resenant circuit, but the
result is still not known unless the resonant impedance of
this circuit is known. However, the conversion gain—ihe
ratio of L.F. voltage output to signal-frequency vollage
input—is sometimes more interesting than the conversion
conductance. Or the ratio of conversion conductance to
mutual conductance, which in a good system approaches
05, can be measured by finding the ratio of signal-
frequency te intermediate-frequency voltage at the input,
other things being equal, required to give equal output.
Although it is open to the objection that it does not
represent working conditions, a method described by
Benjamin, Cosgrove and Warren, in the Fournal of the LE.E.
(Wareless Section), June, 1937, and embodied in the Radiolab
Visual Valve Tester (Fig. 137) is delightfully simple to
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carry out, as both signal and oscillator voltages caun be
derived from the 50 ¢/s supply and the indicator is a
D.C. milliammeter. Fig. 162 shows the arrangement.
The clectrodes are fed with their appropriate voltages,
and the oscillator grid reccives the normal oscillator
voltage—say 10 volts—from the low-frequency source
through a grid condenser of correspondingly larger capaci-
tance; o1 uF would do. The control grid receives a
relatively small signal, say 1 volt, from the same source.
The Z.F. anode current is read first with this signal in one
phase and then with phase reversed by means of the
switch shown. The dilference in mA between the two
readings, divided by twice the peak signal voltage, is the

conversion conductance in mA/V. M
.

Fig 162: Cirewrt

g
source oply
: N '—°v,,_J
v

Power Units
In measuring the output of a power unit it is hardly
necessary at this stage o remind the reader of the im-
portance of using a low-current volt-
246. Output meter to measure the no-load voltage ;
Voltage more especially from sources with a
high internal resistance, due perhaps
to potential dividers or series-connected resistors. If’ the
output is to be measured under load—i.c., when supplying
curreni—then the current drawn by the voltmeter, if
appreciable, can be added to that drawn by the load.
Sometimes the voltmeter itsell constitutes an adequate

301




RADIO LABORATORY HANDBOOK

load. Or, what comes to the same thing, if the load
curtent is measured by a milliammeter and the lead re-
sistance is known, the voltage follows from Ohm’s Law.

The output voliage from power units for television
cathode-ray tubes o1 other loads taking a small current at
high potential can most convenienily be measured by an
electrostatic voltmeter,

If the output voltage is measured at several currents it
is powible to draw a curve connccting output current and

voltage, known as a regulation curve.
247, Regulation There is no need for many points,
and Cross- because the “curve” is usually
regulation indistinguishable from a straight line.
Characteristics Voltages at full, half, and no load
are generally enough.

When a number of outputs are available in one unit
it may be desirable to obtain cross-regulaiion data, to show
the effect of varying lead across one output on the voltage
supplied 1o another. If there are numerous outputs onc
can amuse onesell for quite a long time over this.

The consumption, reckoned in terms of money, of
ordinary receivers, oscillators and meost laboratory gear,

is so small that anxicty to know the
248, Consumption exact amount is seldom felt. But

whether or not the power of the
apparatus is a considerable mains load, it is oficn an
informative check on design or in tracing the cause of
overhealing to measure the input. As wattmeters are
seldom available, or, if available, complicate matters by
their own consumption, it is useful to remember that a
power-measuring instrument of good accuracy has heen
installed by the persons responsible for supplying electricity.
The supply meter actually measures kilowatt-hours,
integrating the power with time.  If the apparatus under
test is switched on for a definitc time, everything elsc
served by the meter being ofl, the average power consumed
is found. Tt is not necessary to run the test for a long
period, cven though the power be small. A.C. supply
meters usually contain a revolving disc visible through a
window ; and the number of revolutions per KWH may
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e specified, or if not can be derived by observing how a
revolution is related to the movement of the o4, dial
(1o revolutions of which indicate 1 KWH). To make
sure that decimal pmms are not put in the wrong places,
and to establish the consumption of
a lamp of known wattage should be tested as a preliminary
experiment.

Receivers

This section, in spite of its importance, need not be
dealt with at vast length, parily because the procedure in
receiver testing is more widely known
249. Scope of than that of most other radio measure-
Tests ments, and partly becausc much has
been included in the preceding

sections.

The nature and cxtent of tests performed on a recciver
naturally depend on whether they constitute a routine
check or a detailed anal whether, in other woids,
they ate service or production tests, or laboratory tests.
The latter are kept mainly in view here.

In tests performed on a receiver as a whole, the usc of
an artificial source of signals is generally frec from ob-
jection, and standard signal generators are available ; but
at the othet end the technique is not in quite such a
satisfactory position. Ideally the output should be
measuted in terms of saund (asiummg that sound is the

product 1he apparatus is designed to supply). Un-
1ortunatcly the cquipment required for measuring sound
intensity over the whole A.F, band, free from complications
due 1o surroundings, is not only cxtremely elaborate,
expensive and difficult to operate, but even when the
utmost resources at present known are available the
correct procedure and the interpretation of results are
alike still the subject of dispute.

Reluctantly, then, the loud speaker is here excluded
from the system, and the output is assumed to be measured
in electrical forms,  [n interpreting the measured sensiivity
and frequency characteristics, therefore, it must never be
forgotten that they are subject to this omitted factor,
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which is lizble to smooth out or accentuatc frequency-curve
irrcgularities, or upset comparison of sensitivity.

Although receiver measurements can be pursued to any
degree of elahoration and exhaustiveness to supply desired
information, certain conditions have become generally
accepted for use whencever there is 10 special and specified
reason for departing from them.

The standard dummy aerial for all waves is specified in
Chapter 4 (Sec. 50) and shown in Fig, 160. The modula-

tion frequency and depth, unless
250. Conventional otherwisc required, are o0 c/s and
Assumptions 30 per cent. respectively,  This will

be referred 1o hercafter as the stan-
dard signal. The author’s custom is to make all measure-
ments at a signal frequency of 1 Mc's unlews otherwise
requited.  The standard output is 50 mW in a 1esistive
load matched to suit the ontput stage.  One reason for
« comparatively low power is that at 50 mW the signal
is usually below the A.V.C. delay voltage. Whether
thie output transtormer is 1egarded as part of the receiver
o1 part of the load (loud speaker) is a matter for judgment

—generally the former is preferable—but the distinction -

should be drawn, [o commercial output transformer
efliciency is sometimes very low,  Incidentally, it is wseful
to know that when the output meter is adjusted to present
the same load resistance as the loud speaker and is con-
nected in parallel with it, either because there is no con-
venient means of cutting the latter out, or in order to
listen to what iy going on, the equivalent of the normal
standard test output of 50 mW is approximately 15 mW
reading when the output valve is a pentode and ahout
22 with a triode. Not only is there an equal division of
power belween meter and speaker, but the total power
available falls owing to the l()wPrmg of load impedance,
and this loss is morc noticeable in the case of the pentode,
assuming both are worked under tolerably normal
conditions. The use ol negative feed-back upsets this con-
dition. The simulianeous use of both Joads should not, of
course, be uscd when taking audio-frequeney character-
istics, for the loud speaker impedance varies with frequency.
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The standard test canditions are open to criticism ; for
example, it may reasomably be argued that a standard
output level proportional to the maximum rated output—
say, a quarter of it—should be adopted. The British
Radio Manufacturers’ Association has drawn up tentative
specifications® for receiver performance tests which in a
number of particulars aim at improving on the schedule
drawn up some years ago by the corresponding body in
America, While the bringing of the conventional con-
ditions of test as far as possible into line with typical working
conditions is a desirable object it may be said that genmzl
aceeplance of some standard, wherchy results taken in
diflerent places can be compared, may be even mote
important than the naturc of that standard.

The cennection of a signal gencrator 1o an open-acrial
(ype of receiver is simple enough, as Fig. 160 (a) shows.

Injection of the signal inte a frame

251. Standard acrial is possible by comnecting the
Signals in generator directly in series with the
Frame Aerials aerial ; but this has the disadvantages

of necessitating a break into the
actial wire, aud of putting probably 10 ohms or more into
the acrial and so altering its characteristics matetially.
The alternative is o couple it inductively by means ot a
coil connected straight 1o the signal generator (Fig. 163).

Fig. 163 ; One merhod

NCS

aities shown

y L E E.
(Wirelins Section)
Sepr 1 1937,9-370.
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If this coil has N turns of radius R ems. and an inductive
reactance X ohms, and is situated on the same axis as the
frame acrial and D cms. away from it along that axis,
then the ficld strength in microvolts per metre at the
frame aerial when the signal gencrator output is V
microvolts is
18,800 N RV
®: + D7 X

The British R.M.A. suggests that the coil should be
10 cms. in diameter and 6 cms. long, wound with 20 turns
to an inductance of 40 xH and shielded by a wire cage
arranged so that there are no closed conducting loops in
planes at right angles to the axis of the coil. The
connecting leads are also to be scieened, but the shunt
capacitive reactance should be large compared with the
inductive reactance, which itself should he so large
compared with the impedance of the source that its output
should not be seriously lowcred by the load imposed by
the coil.  If the distance, D, between centres of this coil
and the frame aerial, is 2 metres, as recommended, the
above equation reduces to

Field strength — Ll’] VY microvolts per metre,

where /is the frequency of the signal in ke/s.

Tf it is desired to know the actual voltage induced in the
frame aeial, the field strength obtained as above must be
multiplied by the eflective height of the aerial, which for

a rectangular frame is appr

2 MHsin 7% metres
300,000
whete M is the number of turns
the height in metres
w the width in metres.
The voltage developed across the acrial at resonance is,
of course, O times the voltage induced as described.
Sensitivity is defined as the number of microvolts from
the generator required to produce standard output.  The
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greater the sensitivity, the smaller the
252. Sensitivity number, which is rather untortunate

as it tends to ambiguity of statement
unless when mentioning that the sensitivity is, say, greater,
it is madc clear whether it is sensitivity in its verbal or its
numerical sense that is meant.  One way of doing this is
to describe the sensitivily as better, which is understood to
mean greater sensitivity and fewer microvolts. For
domestic'broadeast receivers, a sensitivity of 1 2V is almost
100 much to be manageable ; 10 wV is fairly sensitive and
sclf-generated background noise is not dominant ; 100 uV
is rather poor for any superheterodync receiver, and is
bettered in sets with only two valves before the second
detector ; 1,000 uV sensitivity is enough only for local
stations or powerful foreign stations under favourable
conditions.

Beginners are sometimes perturbed by the thought that
the microvoltage actually across aerial and earth terminals
is less than that delivered at the output of the generator,
the balance being lost in the dummy aerial ; and that the
net signal depends on the impedance betwceen aerial and
earth terminals.  But it must be realised that this condition
is_less artificial than would be the measurement of the
microvoltage at the A and E terminals. The receiver
designer may, if he likes, use a low-impedance aerial
coupling coil which gets only a small proportion of the
generator output: but as it presumably gives a high
step-up ratio to the tuncd coil the signal at the grid of the
first valve may be just as high as il a high-impedance
conpling coil were used. Of course, receivers must never be
compared by connceting their A and E inputs in parallel !

Difficulties arise when there is variable reaction.
Fortunately, reaction controls are now the exception

rather than the rule. At best, sensi-
253, Reaction tivity figures with reaction are roughly
Control approximate ; the only thing to do
is to adopt standard adjustments and
duplicate them as much as possible each time. One
obvious adjustment is “*zero” reaction. Even this is
<uite indefinite, because zero on the scale may be very
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different from zero reaction. A receiver in which some
fault makes it almost unstable will show a much better
sensitivity than one which is normal. The other setting,
which may be deseribed as “ critical reaction ”, is the most
advanced that permits the receiver to be tuned through
resonance  without breaking into oscillation.  Different
operators will get widely different readings, but an
intelligent operator can repeat his own results with fair
consistency.
Both in Britain and America it is agreed that 6Goo,
1,000, and 1,400 ke/s ate suitable standard frequencies at
which ta measure sensitivity in the
254, Standard medium-wave band. For drawing a
Test Frequencies curve these arc hardly cnough, and
800 and 1,200 should be included.
"I'he British R.M.A. suggests 160, 200, and 300 ke/s for the
long-wave hand, but the author considers zoo kefs
unsuitable becausc unless the measurements are made in
a scrcened room even a well-screened receiver picks up
enough from Droitwich to interfere with the test. He
personally adopts 175, 225 and 275 kefs.  As lor the short-
wave broadeast bands, they arc comparatively narraw,
and a single frequency in each should be enough ; say,
6,95, 118, 15-2, 178, 215, and 26 Mc/s.

I [
vl || o
Fig. 164, Typreal di = ™7 =
semsiovicy and image ratio curves 2
Tar 2 domestle superheterodyne §
Microvelt scales for sensi- P
livity and other chavacter- rorguenor voe

istic curves are logarithmic in order to accommodalte the wide
range of microvolts from 1 up o
255. Sen: 100,000 Of 1,000,000 (1 volt), and a
and Image- uniform scale of decibels is therefore
ratio Curves optional. Fig. 164 shows a typical
sensitivity curve. If the receiver is a-
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superheterodyne, the image (or sccond channel) ratio should
be measured at the same time.  Suppose the receiver is
tuned ta 1,000 ke /s and the sensitivity is 16 V. Thenifthe
L.E. s 120 ke/s the image frequency is 1,240 kefs. The
generator is therefore tuned to this frequency and the
signal increased until standard output is once more obtained
from the receiver. Suppase the signal is now 28,500 V.
Then the ratio of this to the first channel sensitivity is
28,500
16

65 db. 1If the LT is in the neighbourhood of 470 kes,
the image frequencics are largely outside the broadcast
bands and (he ratio is so high as to render serious inter-
ference from even a local station unlikely in the medium
band, but the ratio should he measured on the long-wave
band as there is a_possibility of interlerence from a very
powerful station of 1,100-1,200 kefs. And whatever the
LT, the image ratio should be measured on all short-wave
bands. With a low LT. and a badly lined-up rceeiver the

ratio may be less than 1.
As any detailed treatise on the superheterody ne explains,
llme are many other possible spurious responses, which
can be investigated by the signal

or 1,780. The best way of expressing this is as

256, Spurious  generator as required. For cxample,
Responses there are the whistles due o harmonics
of the LY. being picked up by the

R.F. citcuits and beating with the signal., With an L1
of 120 ke/s, signals close to [requencies of 240, 360, 480,
600, 720, etc., kejs, arc liable to interference if the recciver
is badly dcsxgned Similarly, gs0 and 1,395 ke/s are the
danger points with a 465 kc 5 he greatest inter-
ference usually occurs at a s.gml strength which just falls
shorl of overcoming the A. V L, dclay voltage, Suppose

istle—f generator and
teceiver tuning allernately Over about 5 kefs, and then
adjusting signal strength—is an output of 12 mW with an
unmodulated signal of 60 pV, and the output when the
modulation is switched on is goo mW. The modulated
signal to give 12 mW is next found to be 10 V. The
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.6
ratio % or 6, may be regarded as a measure of the LF.

harmonic interference.  The greater this ratio, the less
the liability to interference.

Measurement of the undesirable response to I.F. signals
ought, of course, 10 be made ; especially al the ends of
the wavebands nearcst in frequency to the LT,

In the more sensitive receivers the mcasurements arc
complicated by noise. Tt is usually impossible to measure

a scnsitivity of the order of 1 pV
257. Noise because the output with no generator

modulation at all may actually exceed
50 mW. As such sensitivity 1y useless, there is no need to
20 to greal trouble (o find a measurc of il 5 even if found
it ought not to count to the credit of the receiver. The
standard output can be raised, say, to 500 mW, and a note
made to that eflect.

1f the output meter is of a square-law type (which a metal
rectifier is not) the output power due to two simultancous
signals, or to signal plus noise, is directly added. e sum
of a number of simultaneous voltages, #,, o, ete. is
V% 02 + ... The British R.M.A. define noise level
as the unmodulated R.T. signal microveltage for which
the R.M.S. noise output from the recciver is equal to the
output given by a 10 per cent. modulation of that carrier
at 1,500 ¢/s. The signal modulated in this way is applied
to the receiver and adjusted to such a strength that when
the modulation is switched off the output in watts is
halved. A square-law meter is presumably necessary to
do this properly, but doubtless the results given by other
common types of meter arc accurate enough for the purpose.
“The meter should be responsive up Lo 8,000 cfs without
more than 2 db loss. The higher modulation frequency,
1,500 c¢fs, is specified in order to make the result more
independent of tone control than if the usual 400 cfs were
used : but if the tone control setting—normally the one

iving flattest response—is specilied there seems to be no
ohjection to 400 ¢fs.

It is necessary to consider what is included in the term
“noise . Anything from external sources, arriving via
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cither aerial or mains, is generally excluded ; and so also is
hum, because a measurement of electrical output due to
it is so far from representing the aural effect. In the
R.M.A. specification referred to, hum is definitely excluded
by a filter, and the remaining noise, generated within the
veceiver, assumed to be between 500 and 8,000 cfs.
Measurement of hum is dealt with in Sec. 235.

There are two methods of measuring seleciivity. In the

fust, one signal generator is used. After it has beon

adjusted to give standard output from
258. Selectivity the recciver carcfully tuned, its fre-

quency is varied cach side of resonance
and the corresponding signal strengths to maintain standard
output are noted. They can be plotied as a curve, which
appears as an inverted resonance curve (Fig. 165). It is,
of course, cssential either for the signal to be tod weak to
bring the A.V.C. into opcration, or for the AV.C. to be
temporarily put out of action.

If the response is of the flat-topped or two-peaked
variety, the receiver should be tuned to the centre or
trough, which may mean that a greater scnsitivity is
shown a few kefs off tune. For rapid testing, when the
drawing of 4 curve is not justified, the author takes readings
at +3 kejs and 4 kcjs. ‘Ihe former gives some idca of
whether stde-band cutting is serious, and the latter indicates
adjacent channel  selec-
tivity, Buta curve is de-
sivable because it shows
more clearlyasymmetrical
response (a$ in Fig. 165),

1008 4,

Y

% twin peak separation, and

\[ ! g the steepness of the
+ g < skirts 7 of the curve for

i lusion of powerful sig-
\'/ nals  several channels
H away. Curves are patti-

W
cularly valuable in pre-
senting the performance
data for variable sclec-
tivity controls.

S5 -0 -8 ¢ s
W/ OFF RESONANCE

Flg. 165 : Typical selectivicy curve (shightly
asymmetrical) by the single-generator met
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The foregoing method has the advantage of simplicity,
but it is very far {rom representing working conditions,
where there s not only the interfering signal or signals
but also the one to which the receiver is tuncd. So the
approved modern methods require two signal gencrators
in serics. The procedure recommended by the R-M.A.,
with an open acrial receiver, is first to tune it to the
generator providing the interfering signal, which i
modulated in the standard manner and set to a strength
of 1 mV (1,000 uV). The recciver volume control is then
adjusted so that the receiver gives a quarter of its rated
power output.

The second generator, giving an unmodulated signal of
1 mV, is then switched on and its frequency adjusted to
that of the first by the zero heat notec method. If the
modulation of the first generator tends to confuse this jt
may be temporarily switched ofl. The first generator is
then detuned above and below the receiver frequency,
beginning at +3 kejs, and its signal strength adjusted so
that the receiver outpul due to the modulation of this
interfering signal is at all points 40 db below the original
power (i.e., a quarter the rated output). 'To prevent the
beat-note of 5 kcjs and upwards, or hum voltage, affecting
the output meter, a filter is inscrted between it and the
receiver to remove everything except the oo cis signal.
The sclectivity is cxpressed as the strength in milliveits of
the interfering carrier wave. The presentation of results
as curves is similar to that with the single-generator method.
An output 40 db below a quarter of the rated wattage is
very small, especially in battery-driven reccivers, and
difficulty may be cxpericnced in reading it on the usual
meter, or in distinguishing it from small disturbances.

Tor studying or adjusting band-pass tuners, variable
selectivity systems, and response curves generally, plotting

curves is ledious—intolerably so in

259. Instantaneous some work. The cathode-ray res-

Respense-curve  ponse curve apparatus that is generally

Apparatus used in the factory for lining up.

receivers quickly is helpful also in the

laboratory. The apparatus is described in Sccs. 85-7.
3n
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In applying it to receivers, the signal source should be in
effect a propetly-screened signal generator ; an unscreened
or ordinarily-screened oscillator with the rotating condenser
or electronic frequency modulator attached, which is
serviceable for testing filters or systems with comparatively
small amplification, is Lable to let out too much siray
signal for tests at low microvoltages.

(b}

(a)

With regard to conncction of the cathode-ray tube to
the output of the receiver, there arc two possible mecthods.
The deflection plates can be supplied with cither the
unrectified signal from the final tuned circuit, in which
case a filledin figure appears, like Fig. 166 (a) ; or the
rectified and smoothed product, giving a line diagram, as
at b. A disadvantage of the former is that it is quite
the exception for the signal to be strong enough o ]{rodu(‘e
a reasonably large diagram when connected straight to
the dellection plates ; and amplification presents ohvious
difficulties. A minor disadvantage is that the light is
much less intense than when it is concentrated into one
linc. But as there are no A.F. drcuits the frequency of
curve repetition need not be very low—the 50 ¢fs supply
can be used—and that makes it possible to operate in the
AV.C. region of signal strength without 1isk of the bias
varying appreciably duiing the cycle. Obviously an
unmodulated R.F. signal-is used.

I the rectificd-signal method is adopted—and it 1s the
more popular—the use of A.¥. modulation is impracticable
lecause the curve repetition frequency must be kept lower
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than any audio frequency—r10 o 20 ¢fs—(0 avoid distortion
of steep curves. [ s very desirable to use the rectifier
(detector) in the receiver, 50 as rot o introduce conditions
that would alter the performance.  The filtering following
the detector should not be more than is needed to climinate
R.F. ripple.  Unless exceptionally high-level detcction is
a feature of the receiver, a stage of Z.F. amplification
between it and the cathode-ray tube is necessary.

For considerable information on such apparatus, and
the precautions to be adopted, the reader should refer to
an article by R. F. Proctor and M. O’C. Horgan in
The Wireless Engineer, July and August, 1935.

Two tests of importance deal with the relationship

between input signal strength and
260. A.V.C.Tests output power.

To show AV.C. action it is
desitable that the output stage should not be overloaded,
s0 it is necessary to usc the volume control to restrict the
outpul to, say, a quarter of the rated maximum. The
R.MA. method of beginning with the strongest signal
{1,000,000 uV), controlled to give this output power, and
then reducing the signal strength, is subject to the ohjection
that it entircly fails to give the most important information
about the A.V.C.—ihc output level to which it tends to
bring signals that overcome the delay voltage, Tf that
level is too high, a large proportion of the volume control
range, corresponding to gross overloading, is wasted, and
the remainder is consequently overcrowded. Also the
method involves measurement of very small output powers
towards the lower part of the A.V.C. curve. And it is
not possible to conform universally to the standard specified,
because the majority of signal gencrators are incapable of
an output of 1 volt.

The writér advocates a procedure that avoids all these
disadvantages. The volume control is sct at its maximum.
If with no signal there is appreciable receiver noise output,
its amount is noted. Then a standard signal of increasing
strength is applicd and the corresponding output observed.
A convenient serics of points is 1, 3, 10, 30, 100, etc. MW ;
3 is near enough to 410 to be placed half-way between
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1 and 10 on a logarithmic scale without serious error.
‘When the nextstep in output would exceed about a quarter
of the rated maximum, the volume control is adjusted
until the output is reduced to one-tenth (in watts), and
the next two output meter readings are multiplied by 10.
If necessary this process is repeated, until the

maximum generator signal is reached.

100,000

Fig. 167 : Examples of AV.,C,
curves, A s « a 30000
muting system 1n_operation,

the extreme left 3 [
urput of 2mW wich na 000
is shown : chen
steep rise during which A ¥ C, b
18 Inoperstive owin

elay voleage. not having ben
4 'hen

g
EexTRAPOLATED OuTPUT MW

108 108
weut gy X i
“The following is a typical example (Fig. 167 (A) ) for a
réceiver with a nominal output of 3% watts :—

Output, mW  Output Ploteed, Input,
Measured mW IS
2 2 °
3 3 o
10 | 10 13
30 I 30 25
100 100 42
300 | .
il 300 d
100 1,000 25
3001
+a) 3000 “
100 10,000 1130
300 oco
¥ 30] 30,000 33,
100 100,000 400,000

* Volume control adjusted.
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The A.V.C. curve is plotted as extrapolated outpul watls
against R.F. microvolts, and shows the output that would
be given it the audio stages were unlimited in power-
handling capacity. A receiver with an excessive delay
voltage or too much audio gain can produce theorctical
kilowatts iu this way ! Faulty design is thus revealed.

Tf a hiefer Lest is required, the extrapolated output
watts at 10" pV is perhaps the most useful single datum.
Experience shows that with 30 per cent. modulation this
should normally be slightly greater than the rated
maximum output, In Fig. 167 (A), for example, it is
excessive.

When 2 noise suppiession system  (QAV.CL) s
incorporated, the lower reaches of the curve are especially
interesting.  If an appreciable range of signal stiength is
occupicd in overcoming the suppression, so that the first
part of the curve is similar to that of ‘ordinay delayed
A.V.C. but steeper, one result is more ot less noticeable
distortion of transmissions in this region of signal strength.
To make sure that this docs not take place, designers
usually try to obtain a slight backlash eflect, so that by
however small a margin the suppression bias is exceeded,
it is completely thrown off with a jerk (1ake care of the
output meter 1) and the signal can be carried appreciably
below this crilical value before suppression again takes
charge. The increasing and decreasing characteristics
should be distinguished by arrows (Fig. 167 (B) ).

The object of the other inputfoutput characteristic is
not to avoid overloading but to show it up. If the R.F.

signal strength is varied slowly, the
261. Overload result is obscured by AV.C. R.F.
Curves overloading must therefore be studied
in terms of distortion of the
modulation.  The methods are dealt with in Scc. 226,
under Amplifiers, which also includes similar tests on the
A.¥. department.  In tests on the receiver as a whole, in
which the Al output is measured, it is necessary to have
the depth of modulation under control, and the signal
generator itsclf should be frec from distortion.
na “static” test of linearity, the signal modulated at
316
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5 ot 1o per cent. is adjusted to give an output comfo tably
within the capabilitics of the receiver. The mod'ulaln?n
depth is then incrcased to the maximum possible, in
suitable steps ; and the output watts plotted against the
square of the nodulation percentage. In a perfect
amplifier the 1esult is a straight Jine passing through the
origin.  The outpul power at which a scrious departure
from perfection is made can be seen. Of course the
modulation system of the generator must be above reproach,
or the test witl be vitiated.  To test i, the whole modulation
range should be run through wikin the capabilities of an
amplifier.  Unless it is desired o include possible A V.C.
ellects it may be desirable Lo cut out the A.V.C.

C. action,
as some systers are affected by the depth of modulation,
A dynamic lest of non-linearity is more reliable, using
the cathode-ray tube method described in Secs. 228-231.
The adaptation to a complete receiver is (oo obvious to
need description. )
Lastly, there is frequeney distortion.  Here again, there
is no need for detailed description of the method of test.
The signal gencrator is modutated by
262. Overall an oscillator of vaiiable frequency,
Frequenc, and the output noted over the A.¥,
Response Curves band. The signal strength, depth of
modulation, and output power, within
reasonable lmits, have little or no bearing on the results,
and standard conditions can conveniently he assumed.

Pz 168:  Typical
™ overall | medulation
frequency

EoiaeLs

datector and AF, cir-
cult  characteritics,
tone control, etz

FREQUENCY IN CYCLES FER SECOND

83 317
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On the other hand, carrier wave frequency may have a
pronounced eflect ; the settings of tone control and
selectivity control obviously have, and separate tests are
necessary to show them.

The results should be plotted on a logarithmic frequency
scale, and the response is usually indicated in decibels,
with that at 400 cfs as zero level (Fig. 168).

The need for intelligent interpretation of results must
be re-emphasised in connection with these frequency
characteristic curves. The loud speaker characteristics
may alter the overall result very greatly. A severe falling-
off 'in response at the upper frequencies may be largely
filled up by speaker resonance. ‘The impedance of the
speaker rises, too, and with a pentode output stage this
tends to increased acoustical output, whereas with a triode
the opposite obtains. If this is fully kept in mind, however,
frequency characteristics can be valuably informative.
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CHAPTER 10
ULTRA-HIGH-FREQUENCY WORK

LTHOUGH references to the suitability or un-
A suitability of methods or apparatus at very high
frequencies have been included in the preceding
chapters, notes devoted specifically to such work may be
helpful to readers who arc un-
263, Bounds accustomed to it.  Generally there is
of U.H.F. no sharply-defined frequency al which
a particular form of technique he-
comes inapplicable. It is necessary to use judgment based
on common sense, cxperience and estimation of the relative
quantitics affected by frequency. Effects negligible at,
say, 1 Mcfs, become appreciable in accurate woik at
10 Mefs, and dominant at 100 Mc/s.  Most of the methods
described in this book for radio frequencics present no
special difficulty duc to frequency as far as one or two
Mc/s, and with sometimes a little extra care can be used
satisfactorily up to 10-20 Mcfs. Above g0 Mcjs one
entem the ficld of “ ultrahigh » frequencies (or ultra-
short waves), and in it a fairly large number of medifica-
tions have to be made to the ordinary technique. Above
about 200 Me/s, in the region of “decimetre waves ,
still more drastic changes in method are necessary, and
the same applics to the yet higher frequencies with which
a few people are experimenting.
One thing that the experimenter has to get used to,
cven at moderately high frequencics, is not thinking too
much in terms of circuit diagrams,
264. How Circuit with their localised inductances and
Diagrams capacitances. Whereas the quantities
can Mislead not shown on the diagram are
at moderate radio fie~
quengies, they often usurp control at very high frequencics
and become more important in the operation of the
319
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circuit than the legitimate compenents. For example,
it would be quitc impossible to explain the actian of the
U.ELF. osillator cireuit of Fig. 16 (a) by takmg account
only of the primary
shown. But when the mlcrclcctrode capamanccs of the
valve are marked in as condensers, the circuit is immedi-
ately recognisable as the Colpitts (Fig. 169 (6)). In-
cidentally, this parlicular circuit is quitc a good one lor
general use in the U.ILF. band. Even more obscure is
the manmer of action of an oscillator in which both con-
densers and coils arc absent, and the capacitance and
inductance reside in parallel wires or concentric tubes.
One must have some idea of the stray quantities piesent,
and decide whether they make the proposed work invalid.
Generally a very high impedance is
265. Impedance impossible, because stray capacitances
Limitations are in shunt with everything. It is
like performing electrical experiments
at the bottom of the sea, with everything more or less
orl-circuited by the salt water. On the other hand,
it is impossible to get a very low impedance between two
separated points, because the inductance of even an inch
of straight wire may be responsible for quitc a large
number of ohms. So for both reasons wiring should be
as short and dircct as possible if it is to play the part of
a mere conncctor.
Because of the irreducible minimum capacitance due
to wiring, valve electrodes, and so forth, the inductance
that can be uscd for tuning to an
266. Electronic  ultra-high frequency is very small ;

sl

Transit and instead of an impedance at
Time Effects resonance approaching a megohm, as
is possible at medium frequcncxes,

one may be reduced to 2 few thousands of ohms. Con-
sequenily the dynatron is practically ruled out. Even
il it were not so on this account. another difficulty would
intervene.  An effect that is negligible at 1 Mc/s, appreci-
able at 10 Me/s, of major importance at 100 Mc/s, and
renders ordinary methods quite impossible at 1,000 Mefs,
is the time taken by elections to move from one electrode
320
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ta another in a valve. Without going into the theory of
the thing,* one can say that the most important result is
that the cffcctive cathode-grid impedance is reduced to
an alarming cxtent (Fig. 181), ‘The input impedance of
ascreen-grid valve can he regarded al medium [requencies
as consisting almaost cntirely of a few uuT of capacitance.
But in the U.H.F, band it is found to be shunted by a
resistance of only a few thousands of ohms. In addition
to the references just given, there is a very interesting
artticle by M. J. O. Stutc in The Wireless Engineer, Sep-
tember, 1937, giving a large amount of data on this
deterioration of valves at U.H.F., and on methods used
in investigating it. So far as thc author is aware, no
data on this phenomenon in relation to the dynatron have
been published ; but as the dynatron is in any event
unsuitable at U.H.F. they would be of only academic
interest.

Fig. 169 : Due to the
major  Influence
UHF of valve inter-

1 ®
1 U.H.F. apparatus these various influences
should be taken into account. Suppose, for example,
an oscillator is required, to provide a
267. Typical signal covering a band in the region
Circuit Design  of 60 Mc/s (5 metres). To get the
close coupling nece: to ensurc
oscillation when the impedance of the citcuit is unavoidably
so low and is futther lowered by the shunting effect of the
valve. and 10 make the system as rigid as possible so as ta
prevent vibtation affecting the frequency of oscillation,
single coil circuits such as the Hartley or Clolpitls arc
preferred to “ reaction coil ” arrangements. To cnsure
ready oscillation over the whole of the band, the effective

W, R. Fersis in Proc 7R E, Tanuary 274 8 sumplifed explanstion
by the present author in ke H sretess Warld, Octobir 23rds
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position of the tapping must be considered. At lower
frequencies the cathode can be tapped near one end
(usually the grid end) of the coil with complete success.
But at U.H.F. the tap should be near the centre. 1l stray
capacitance comes across a portion of the coil the effective
tapping poinl may thereby be shifted along to an un-
favourable position.

Tor rigidity and low capacitance the coil should be
wound of thick bare wirc—say about 14 $.W.G —shaped
on a rod Finch diameter and mounted as directly as
possible to the valve holder, which should he of special
low capacitance shape and material and mounted an
inch or morc clear of the baseboard. The variable
condenser, also of compact design and with maximum
and minimum capacitances of perhaps 25 and 3 puF
respectively, is mounted so as to makc wiring practically
nom-existent, and especially so as to avoid what are, in
effect, unauthorised turns or half-turns of coil ; and, of
course, it should be rotated by a slow motion control at
the end of a long spindle. The grid leak resistance can
be quite low—25,000 © for example, because the input
resislance of the valve is in any case low; and with a
high resistance there is a risk of  squegging .

Fig, 170 Typicai
oscillator creult for
UHLF. as described

The oscillation can be controlled by a small trimmer
slung in the wiring. Three chokes are shown (Fig. 170)
for isolating the batterics in case it is desired to put them
at some distance. In any case it is a good thing to keep
the R.F. currents in their own quarters. ‘I'he filament
cholkes must be of reasonably low resistance, and assuming
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a filament consumption of about o-1A they can he made
by winding 50 turns of 26 $.W.G. wirc on a half-inch tube.
Where the resistance restriction does not apply, the same
or a rather greater number of turns of fine wire on a
quarter-inch former is 1o be preferred. o
10 by-pass condensers are needed anywhere in 2 cireuit
there is no advantage, bul rather a disadvantage, in using
a large capacitance.  As the author
268. Optimum  showed in an article in The Waeless
By-pass World (September 29}]\, 1933) there
Capacitance is an optimum capacitance for every
frequency, being that required to
neutralise the inductance of the connections. Assuming
the distance between the terminals of the condenser to be
about an inch, and no additional wiring, the optimum
capacitance is given in Fig. 171-

Fig. 1713 Optimum
apiiance of by
assuming che total
lengeh of connec-

about ene inch

CAPACITY IN MIGRO-MICROFARADS

Top 70
FREQUENGY IN MEGAGYGLES PER SEGOND
wyss 8 B i
WAVELENGTH IN METRES
It is not implied that all of the foregaing precautions
are essential 1o success, and cach experimenter has his
pet methods, but they indicate the
269. Below general idea of how to go to work.
One Metre As the input conductance of a valve
rises in proportion (o the square of
the frequency it is almost impossible to usc a conventional
vahe above about 25 Mcfs, but the ~acorn” valve,
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specially designed to reduce the transit time eifec} to a
minimum, is workable at scvcral hundred Mc/s. Fig. 172
shows the comstruction and Fig. 173 the circuit of a
375 Mc/s (Bo centimetre) oscillator. ~The whole thing is
mounted on a small piece of £ -inch copper sheet held at
the end of a wooden stick. The dark square is a back-
ground to show up the detail, and is not any part of the
apparatus. An aerial, consisting of a piece of wire cut to
a half-wavelength, can be excited either as shown {eurrent
excitation) or by bringing one end ncar a high potential
part of the coil (voltage excitation). It is very instructive
10 play about with such picces of wire used as aerials
or reflectors.

xemAL_ovameena,

el

f% condENbeR

+r onoxe

.
I

Fig. 172 : An experimental O8-metce transmicter.
acorn ** valve, The maschbox, half
actual size, Indicates the compactness of the

apparatus
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The heterodyne wavemeters and receivers, so uscful at
medium frequencics, become increasingly unwoikable as
the frequency is increased.  When a
270. Wavemeters change of frequency of o-0005 per
and Receivers cent. sends the beat note completely
beyond audibility, the efort to find
a beat note, and having found it to hold it, is too great,
So the absorplion wavemeter, described in Chapter 6
(Sec. 128), relying on a movement of the oscillator anode-
feed milliammeter at resonanec, is the usual device for
finding the frequency.s Actual measurement of fiequency,
or rather wavelength, by means of parallel wires, is
described in Sec. 138. As for receivers, the type that
qualifies for general use in the laboratory, by reason of its
flal tuning and great sensitivity, is the super-regencrative,
The higher the frequency the more workable it is. Tor
the oscillator shown in Fig. 172 the corresponding receiver
is practically the same except for a high-resistance
grid leak fo induce *squegging”, which provides
4 supcrregenerative effect. A general article on the
super-regenerative receiver, written from the practical
standpoint, was published in The Wireless Engineer,
November, 1936.
Apart [rom the possibility of ** squegging
325
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and starting of H.F. oscillation at some audible or super-
audible frequency due to inability of negative charge to
leak off rapidly cnough from the grid) to confuse the
unwary, U.H.F. apparatus is especially liable to spurious
oscillation, or perhaps it should be said that such oscillation
is especially difficult to detect or distinguish from the
legitimate or expecied mode of oscillation, Absorption
wavemeters help to clarify the situation by not generating
harmonics, and this is a further point in their [avour.

Tt is difficult to got far with experimental work at the
higher frequencies without some knowledge of the theory
and practice of * transmission lines ™, * characteristic
impedance *, and standing waves. Mot of the advanced
textbooks cover this subject ; a not-loo-advanced and at
the same time practical Dbook is Ladner and Stoner’s
“Short Wave Wireless Communication ™ ; while the

amateur experimenter particularly can find all aspects of

shott-wave work ably cxpounded from his standpoint in
the Radio Amatewr's Handbook, published annually by the
Amcrican Radio Relay League.
Clonsidering now the applicability of various mcasuring
instruments, [rom the foregoing it will rcadily be judged
that the triode valve voltmeter is not
271. Valve Volt- vay satisfactory at U.HLF., except
meters at U.H.F. perhaps when an “acorn” valve is
adopted for the purposc. Even that
has a considerahly lower input impedance at, say, 60 Me/s,
than at 1 Mecfs; but as m\pcdances generally at the
former frequency are incvitably so low it does not matter
very much. But for voliage measurement at U.H.F. the
diode is the best, and its use and limitations have been
closely studied by a number of workers, c.g, L. C. 5.
Megaw, in The Wireless Engincer, 163, pp. 65-72, 135-146,
and 201—204. Diode voltmeters, using a special miniature
diode with small clearances, have been used up to 1,000
Mc/fs, but at that frequency only very rough indications
of voltage are to be expected. Howcver, for comparison
—which, according to the cxhortations of this book, is
all that is really necessary for most measurements il they
are properly planned-—they are quite satisfactory. Fig. 174
32
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shows the simple circuit of a diade
voltmeter,  I'o avoid the need
for a sensitive microammeter the
rectificd voltage can be applied
to the input of a valve, in the swonac
e
Fig. 174 - Clrealt soop ]
wA

anode circuit of which is a suitable meter. An easily obtain-
able and effective type of diode for UH.F. wse is the

Marda D.t (Sec. 68).

"The gas-focused cathode-ray tube begins to lose definition
at very moderate [requencies—a few hundred kefs—but
at U.H.F. it stages an unexpected
come-back, and gives results of some
utility even at 1,350 Mefs¥*—22 cm.
wavelength.  The focusing of the
high-vacuum tube is unaffected by frequency ; but
the deflection sensitivity alters, whatever the Lype, when
the period of'a cycle of the signal is comparable with the time
taken by the ray to traverse the deflecting field.  Suppose,
for example, that these two periods are equal. Then the
deflection due to the megative half-cycle neutralises that
due to the positive half, and the sensitivity is nil. Morc-
over a phase difference is introduced in electrostatic
deflection tubes, in which the ray comes successively under
the influence of the X and Y pairs. These cffects decrecase
as the anode voltage on the tube is increased, but ordinarily
become noticeable at about 100 Mcjs. For deailed
information on these and other U.H.F. effects refer to the
paper by Piggott, just mentioned, or to a textbook on
C.R. tubes.

The standard measuring instrument for U.H.F. current
is the thermo-junction instrument. It is expensive, and
very easily burned out, but 15 less aflected by frequency
than any other type.

The failure of the dynatron for practical purposcs at

272. Cathode-
ray Tubes

L. S, Piggott, Journal LE.E (Wireless Sectton), September, 1936.
37
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UH.F. has been mentioned. The large number of

measurements for which the dynatron
273. Impedance has been specified are not thereby
Measurement rendered impossible ; most of them
at U.H.F. can be performed with the aid of a
triode oscillator.

Fig. 175 shows the circuit of such an oseillator used by
the author to measure the input impedance of valves al
54 Mc/s.* The coil comsists of six turns of 16 S.W.G.
copper half-inch diamcter, tapped at twrns as numbered.
The grid bias al which oscillation statts—indicated by a
sudden change in anode current-—is read on a voltmeter
having a large open scale. The anode voliage must be
kept very constant. The tuning condenser can be cali-
brated and wsed to measure capacitance at R.F., as in
the dynatron apparatus, but it must be realiscd that the
inductance of even the shortest leads modifies the resulis
to an appreciable extent. The principal object s the
measurement of resistance. The oscillator is calibrated by
connecting (o the X terminals a variety of resistors of
the non-wire wound type, and noiing the critical giid
bias in each case. A curve is drawn relating the two.
The weak point of this method is that even the litde
}-watt composition resistors depart from their measurcd

Fig 175, Circuir disgram of
m oscillacor used far UH.F. imped-
~

* Wireless World, October 23ed, 193,
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resistances if the frequency is very high. One object of
using a large variety of resislons and drawing a curve is
to minimise the chances of serious crrors, by averaging
them out. 1t js the high resistances that are allected
first as the [requency is raised, and at about 60 Mels
anything above 50,000 @ is likely (o be considerably
wrong. From about this figure downwards the resulis

given by the apparatws just described
arc in very satislaclory agreement with
similar - measurements” performed by a
more accutale method.®

une
osciLLaToR

vEAY LoosE Fig. 176 Aler-
‘GoupLing narive arrangements
for UH.F. fmped-
ance measurement

o

vALvE
voUTmETER
—o

N 1
"That method, briefly, is the /g Scheme described here

in Sec. 197. The apparatus required is a faitly powerful
oscillator, coupled to a tuned circuit, the voltage across
which is measured by a valve voltmeter—for the present
purpose of the diode varicty (Fig. 176). The condenser
of the tuned circuit is accurately calibrated in small
capacitance differences, so as to measute the capacitance
required to tunc from one Lo the other of the points each

. . L1
side of the resonant peak at which the voltage is Vi of

this maximum,  Assuming that this capacitance, 5C1, is
a small proportian of the whele circuit capacitance, and
@ is 27 times the resonant frequency, then the dynamic
resistance of the tuned circuit, Ry, is o
wdCl

* M. J. O, Steutt, Wireless Engineer, Septombes, 1917,
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Turning this into a strictly practical formula—
R, & 318000 i
Y (Ne) (pam) T

Having thus determined the equivalent resistance of
the tuned circuit (including valve voltmeter), one next
connects in parallel with it the component or circuit Lo
be tested, repeating the test and getting the resistance, R,
of the combination. The resistance, R, of the added
part is, of course, derived [rom the usnal formula for
parallel resistances—

_ RiR,
I3 K,—R,

The approximation given abovc is good enough for
U.H.F. purposes if 3C is not more than about one-fifth
of the total capacitance. It is assumed, too, that the
connection of R to R, does not aflect the frequency of the
oscillator or the voltage induced in the test circuit. With
this in view, the oscillator must be powerful enough to
give a noticeable rcading when very loosely coupled ; and
great care must be taken not to alter the positions of
anything, for a slight movement of an adjacent object
that has no connection with either oscillator or test circuit
may alter the coupling appreciably. And of course all
lends_lin the test circuit must be reduced, so far as possible,
to nil.

When the frequency is very high it is advisable to
abandon the attempt to use orthodox *‘ lumped * circuit

elements and instead to go in for
273a. Use of distributed circuits.  These usually
Transmission take the form either of parallel or
Line « Circuits " coaxial wires or tubes. For cxample

if they are quarier of a wavelength
long and short-circuited at one end, they fortn a tuned
circuit having the advantage of higher Q than could be
obtained by using lumped L and C, and arc more casily
constructed and applicd.  One has not the fecling of
groping in the dark in making a citcuit for a desired
wavelength, because the only measuring instrument
required is a centimetre scale.  Oscillators can be made
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to “go down” to much shorter waves by the use of
““lines » than with conventional tuned circuits. And it
is possible to dodge the difficulties due to the impedance
of lcads in measurement circuits by making the leads and
the circuits one and the same. The technique is dealt
with in the last chapter of Hartshorn’s *“ Radio-frequency
Measurements,” and will no doubt be developed to an
increasing extent as centimetre waves come into use.

The ch istic impedance (or surge impedance) of a
transmission line is the resistance of the load that can be

fed by it with complete absorption of
273b. Measure- the power. This is the most efficient
ment of Charac- condition, because, if a greater or
teristic Impedance less load resistance is supplied with

power through the transmission linc,
it i unmatched and part of the energy is reflected up and
down the line and is ultimately lost.

Mismatching can be detected by the presence of standing
waves on the line ; that is to say, instead of a constant or
gradually diminishing voltage as one moves along the line
from supply ta load, the voltage rises and falls alternately.
The peints of maximum voltage can be detected by a
neon lamp (if there is enongh power present) or a valve
voltieter, and ate situated at intervals of practically half
2 wavelength if the line #s air-spaced. The characteristic
impedance of such a line is more easily calculated than
measured {see Sec. 303}, and the losses are generally small ;
but cables having solid dielectric between the conductors
are a dilferent matter. One method of measuring the
characteristic impedance (generally denoted by Z) is to
feed onc end of the line from an appropriate oscillator and
adjust a load resistance at the other end until there is no trace
of standing waves. The Z, of the line is then equal ta this
resistance. The feeder loss can also be measured, by noting
the voltages at each end and expressing the ratio in db. per
100 ft. or other unitof length.  As the resistance of most lines
lies between 50 and 1,000 ohms, it is a difficult matter to
provide a variable that is non-reactive at very high fre-
quencies.  Another practical difficulty is the detection
of standing waves when the line is of the coaxial type.
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An alternative method is to adjust the [requency, or the
length of line, so that when the load end is either open- or
short-circuited the line is resonant and thercfore behaves as
a pure resistance.  If it is an odd number of quarter-wave-
lengihs long and open, or an cven number and closed,
this resistance is very low ; and if an even number and
closed or an odd number and open the resistance is high.

Measure the resistances with the load end open and
closed, and call them %, and Z,. Then Zo = v/ Z, Zy

The attenvation of ihe length of line i 5685 o/Z1

- . . . 2
decibels, assuming Z, is the low resistance and 7, the high.

The impedance of the line is measured in the same way
as that of anything else (sec Scc. 273).  When the line has
been adjusted to resonance, it affects only the damping
and not the tuning of any tuned circuil to which it is
connected. Z,, heing large,can e tapped across the whole
of a tuned cireuit ; but Z, would probably be more easily
measured by connecting in scrics.  Although it may stifl
be measured as an equivalent shunt resistance, the corres-
ponding series resistance is obtained as in Sec. 2g0.  For
example, if Z, was found to be 1,600Q and Z, 42, then

7o = 4/4 X 1,600 = 800, and the

altenuation = 8-686\/ . guo = 043 db.
)
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CHAPTER 11
DEALING WITH RESULTS

HE ultimate value of lahoratory work on the bench
Toﬂt‘n depends largely on what is done with it at the
desk. Instrument teadings may prove too much or
not enough if they are improperly or inadcquately handled.
nd it 1s remarkable how apparently
274, Rearranging scanty data can sometimes be made
Formulz to yicld information of great value
if put thiough a scientific © third

degree ” cxamination.

One of the considerations when devising a method of
measurement should be, if possible, the direct presentation
of the results ; but notwithstanding this it is often necessary
to derive them by computation, and sometimes this may
be very labarious. So the aim of whoever produces a
formula should be to manipulate it into a form that
minimises the task of computation. The morc results
there are to be worked out, the more trouble is justified
in prearranging the formula.

‘Take a simple example. The cquation connccting the
inductance, capacitance, and resonant [requency of a
tuned circuit can he written in many ways. Of these,

@G = 1

is probably the tidiest looking. But it is not at all well
adapted for practical purposes. Suppose that one is
working out the capacitances in a circuit of known in-
ductance that is found to resonate at certain frequencics.
Suppose, too, that the inductance happens to be 16 pH,
that the frequency is measured in Mefs, and that the
capacitance s desited to be in upF.

Unless the contrary is stated, it is assumed that formule
are in ** fundamental ” units—amperes, henries, farads,
centimetres, eycles per second, and others listed in See. 288
—which (as in the case of farads) are sometimes very
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clumsy for practical use. Who would choose to substitute
0000016 H and 7,500,000 ¢fs in a formula to get
0000000000028 T ?

So assuming now that the symbols f, L, and C stand for
the quantities in the practical units mentioned, the original
formula can be transformed, remembering that o is
27 X (frequency)—

(2mfx 10%) (Lx 107%) (CX1071%) = 1
10° 25,330
whenee € = Rop = ,},3%
This form is retained for filling in various inductances,
but if a number of readings are taken for L = 16, the work
is facilitated still more by reducing the equation to

o] — L583 L =16
() = B8 (L =16 1)

When formule are adapted for special units this should
be made clear, cither by a note to the effect or by subscripts
as suggested above. Confusion is caused if the limitations
of a formula are not made clear.

Often a formula can be greatly simplified by neglecting
a difference that is too small to be serious within thc scope

of the work. Suppose the capacitance,
275. What may C, of a circuit that oscillates at a
be Neglected trequency, f, is increased by the small
amount (7, causing a corresponding
small reduction, f', in frequency. Then
o= Y-
F=re

This can be used as a method for measuring small
capacitance changes (sce See. 182). But the formula is a
most awkward one to calculate, for subtractions cannot be
done on a slide-rule but have to be worked out beforehand.
But hccause /" is very small compared with f, it can be
neglected in terms containing both, so

¢~ (e
a delightfully easy piece of work.
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Very often these approximate formule are written with
the sign of cquality (=), and no doubt it is sometimes
pedantic to use the sign of approximale equality as above,
but it is another of the little things that help to prevent
mistakes ; and so is the note scen on the right, signifving
that /7 is muck less than f.

The above example illustrates another point, that
climination of * negligible ” terms must not be done
indiscriminately. Because /' is small it might be thought
allowable to simplity the equation still further to

2C
J

x ridiculous result, It is only as part of a much larger
quantity that it can be neglected.
There is a rather more subtle pitfall. Tt can be illustrated
by a somewhat similar example. Suppose ome posscsses
an accurately calibrated condenser,
276. Deceptive  hut no suitable standard inductance.
Formulz _ As there are inevitably certain un-
known capacitances (such as that of
the coil) in shunt with the standard condenser, the total
circuit capacitance is unknown in spite of the calibration,
and onc is not much further forward.  But if the condenser
readings, C, and C,, required to tunc to lwo known
frequencies, f; and f, respectively, are noted, the cxira
circuit capacitance, Gy, can be calculated without a
knowledge of the inductance :—

o = Gufit = Gty
T T

[&arS

“T'his looks quite harmless, but it is a type of formula to
beware of. It involves the differences between relatively
tar larger quantities, Consequently, unless these quan-
tities are known and calculated with extreme accuracy,
the answer is not accurately given. The small error due
(o slide-rule calculation of the large quantities might
excced the final answer! In other formule there is
sometimes a temptation to eliminate a “ negligible ** term,
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only to find that, because the formula involves relatively
small differences between larger quantities, the despised
term was vital after all.

Subject to these precautions, it is usually worth while
doing something to adapt a formula to the particular work
in hand. It is a good thing to keep a special notcbook
of pet formule that have proved their value. Chapter 12
may provide a nucleus of this.

1t 35 not always nccessary to work out results from
formule ; to a mederate accuracy the results can be

derived quickly from alignment dia-

277.  Aids to grams or “abacs 7. Most of those
Calculation— used in radio work aie available in
Abacs a  book Radio Data  Charts, by

R. T, Beatty, obtainable from the
same publishers as of this volume, By laying a straighi-
edge across the diagrams to intersect scales of the hnown
quantities at the appropiiate points, the desired quantity
can be read ol another scale. By tar the most uscful
diagrams of this lype are those due 10 the late W, A
Barclay and first published i The Hireless World in the
issue of February 171h, 1932, and several times afterwards
by request, the latest being September 10th, 1937. One
of them, connecting volts, ohms, milliamps (and amps),
and watts, cnables the remaining quantities to be read
oft when any two are known. Besides cosering Obni's
Law, it shows whether a proposed resistot is likely (o be
«verheated, the least resistance that is safc for a resistor
of given waltage rating and voltage drop, and many other
everyday problems.  Bul still more valuable is the other
diagram, connecting ohms (reactance), henties (and uIl),
¢s {and ke/s and wetres), and microfarads. The [ull
neefulness af this can hardly be imagined without trial,
nor is there space for a selection of the problems that can
be answered by it. The author got reprints of the two
on good paper, and dry-mounted them on each side of a
photo-nount ; a picee of strong thread attached provides
a convenient straight-edge always at hand.  Even when
not accurate enough for the work in hand, the chart 1s
valuable for tough checking of calculations.
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The ordinary graph is another form of diagram that
can be very useful as an aid to caleulation. Ordinarily
a single curve scrves to relate only two

278. Graphs quanlities, and a ** family ™ of curves

is needed for three ; and then onc of

them is represented only by a series of isolated values.
Sometimes a single curve can be made more general by
scaling the ordinates in quantities that include two or
mote factors. Some examples of this are given in
Chapter 1z2.
Whatever is available in the form of quick-reckonmg
diagranis, there are always plenty of things to be worked
out ; and for this purposc no enginecer
279. Slide rules  could possibly go Lhrough life without

a slide rule. There ate a number of

publications giving instructions on the mukltitudinous uses
of the slide rule, For radio purposes an casily accessible
uniformly divided scale (usudlly marked “ 1,7 ‘ G
is very helpful for convetting ratios Lo dcm])els and wiee
oersa (see Scc. 220). It is with slide-rule working in mind
that the first formula given for €', a few paragraphs
eatlier, was viewed with distaste.  The simplificd formula,
on, the other hand, can be worked out with one setting.
The accuracy, of course {assuming adequate workmsan-
ship}, depends on the length of scale, and there arc vatious
devices for getting a long scale in compact form. The
ordinary siraight rule siill retains its popularity, but a
circular rule has certain advantages, one being that the
scales are continuous.
1f 2 nurber of factors arc multiplied in the ordinary
Jong arithmeical manner, the answer appears with a great
many more figures than any of the
280. False factors. To the unthinking, it might
Accuracy appear that the answet is known to
more decimal places than any of the
data used (o find it. I'his, of course, is absurd ; and, to
avoid implying greater accuracy than isjustified, the surplus
figures should be cut off or replaced by nouglils, or the
shortened methods of multiplication that waste no time
finding these meaningless figurcs should be used. An
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advautage ol the slide rule is that it automatically gives
a uniform standard of accuracy. If it can he read
accurately to three figures, then the answer is given with
that number, no matter haw many factors compose il.
For most enginecring purposes, the degree of accuracy
given by properly effected slide-rule calculations is rather
better than the accuracy of the data, or the accuracy
with which the answer need be known.  Where this is not
the case, and data of high precision are available lor
giving an answer that must be known to the same order
of accuracy, cithet the calculation must be done laboriously
by arithmetic, or log tables of the appropriate number of
figures used.  Incidentally, a book of seven-figure tables
is much quicker to use to five figures than a book of five-
figure tables.

It is helptul to make a habit of writing down figures
in such a manner as to indicate the order of accuracy.
For example, although 1-3 and 1-g00 ate numcrically
equal, they convey a different meaning. The first means
anything from 1-25 to 1349 ; the second indicates that
it is known to greater accuracy, and lies between the
narrower limits 1-2995 and 1-30049. This does not avail
for_very large numbeis; but the method used by the
N.P.L. does. It consists in dropping to a slightly lower
level the first figure that is not known with certainty. as,
for example, 10,2, which indicates that the greatest

possible error to which this result is subject would not
allect the first Lhree figures but might affect the fourth.

At any rate, one must take care not to mislead or he
misled by false accuracy. Even quite experienced students
or technical assistants are sometimes guilty of recording
such readings of B.S.I. 151 Grade melers (reading, say,
up 10 100) as 86+75 and using them as if the instrument
really were accurate to o-01 per cent. instead of 1 per cent.
of full scale. Or, having performed a measurement of
R.F. 1esistance by a method thal can be depended upon
within perhaps 5 per cent., they state the tesult as
34-22 ohms.

There is incvitably a margin of error due to the instru-
ments used for making a measurement, and there are
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mathematical methods for combining
281. Eliminating data in such a way as to get the most
Errors probably accurate result.  For these,

a book dealing with the theory of
errors shiould be consulted.  Some instrumental error, as
has just been said, is incvitable. But theie is no excuse
for iucreasing it by faulty working out. One cannet take
too much carc about this. It is at least an immense
waste of time to spoil good work Ly mistakes in recording
or working out. And if one intends to earn a living by
technical work it is important to know that reliability is
a far more rewarded virtue than carcless brilliance. To
this end, columns of figures should be inspected for obvious
inconsistencies, rough cheeks should be made of calculations
to ensure that the decimal point is right, and cross-checks
devised 1o ariive at the same results by other routcs.

1n gencral the soundest method of recording and working
out results is in tabular form. By taking the calculation

a step at a time the chance of mistakes
282. Tabular is reduced, tracing miscalculations is
Working much easicr and quicker, and the

intermediate steps may show up usctul
aud perhaps uncxpected relationships. ‘The alternative of
wriling down only the final answers, or of working them out
on odd scraps of paper that arc lost or desttoyed, is most
exasperating when it is ound or suspected that somcthing
has gone wrong. Moreover, when work is being referred
1o by somebody clse, or al a much later date, it can be
aceepted more confidently if the details of how the results
have been arrived at are clearly shown.

As an example of tabulation, suppose that a number of
lneasuremients have heen made Ly the method described
m Sec. 199 of the effcet of Z.F. curtent on the inductance
and 1esistance of an iron-core coil. The formule aie

L= Mgk, U
ritgwrMe FrwtMe
wheie w = 27/ as usual.  Suppose T = 1,000, w=5,000,
and the readings, M, of the inductances are in pH. “Then
lirst the lormule are simplified on thesc assumptions Lo
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= M piriesandR=— 10"
BBTAY M
4+ ()

The working out of the readings is then arranged thus—

— 1,000 ohms.

RFADING

LNy
Ay ‘ () ‘(m

2%
32
39
29
&6
72 51190

‘The next thing is (o draw a giaph of L and Ry, against
the Z.F. current I (Fig. 177).

The points referring to the A.C. resistance of the coil
are rather irregular, and it will have been noticed in the
working out that a small etror in data or calculation
causes a relatively large eiror in the derived value of Ry,
IT it is important to know with accuracy the variation of
R, with . current it will bc necessary to repeat the
obscrvations of 7 and the calculations more carefully.

In the above tabulation use has been made of an
abbreviation “ A ¥ for one part of the formula. This
method is especially helpful in a complicated formula
where the samc *“ sub-asscmbly ” occurs more than once,
or where it has to be repeated frequently in some working.

The whole of any work coming within the scope of this
book is in vain if it does not cnable some interesting

conclusion to be drawn. Cenerally a
283. Interpreta- ncasurcment is not an end in itsell]
tion of Results but is made with the object of

deducing something fiom it about the
apparatus tested, and has to be inferpreted.

Locking at the example just given, it scems clear that
the inductance falls off considerably as the Z.F. current is
increased.  As it happens, that is such a well-authenticated
phenomenon that it causes no surprise and there is no
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Ry
o)

Fig. 177: Example
of experimental
resules plotted co
aid Interpretation

reason to doubt the
validity of the con-
clusion. But in
generaloncshouldbe P
extremely cautious 1 (ma)

in  coming even

to such a simple conclusion as this. What about the
800 ¢/s signal current?  Was its strength measured, or
arrangements made to kecp it coustant or governed by
some simple relationship 2 If the inductance depended
very critically on the A.C., an indefiniteness in this factor
might lead to very wrong conclusions quantitatively and
perhaps even qualitatively about the relationship between
inductance and Z.F. curtent. lklas the experiment been
carried out in such a way as to introduce no other factor
into the results ?  What about the resistance of the battery
used for supplying the Z.F. current, and the impedance
of the milliammecter used for measuring it? Was the
Irequency of the A.C. quite sieady throughout? (Ihe
results depend on the square of the frequency, so this is
important). Such questions as these have to be con-
stdered and answered satisfactorily before conclusions can
safely be drawn. Suspect everything. The genuine
experimenter has o permanently suspicious mind.

Ile has already suspected that the curious wavelike
distribution of the Ry, readings may noL represent a
physical phenomenon but merely suflicient aceuracy ;
and on this assumplion a smooth curve lias been drawn
through them. If the experiment is repeated more
accurately and the curve found to droop in 2 manner
similar to that for inductance, the interpreter at once looks
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for a conncetion between the two. Obviously the im-
pedance of the coil must also droop in the same way. The
ratio of resistance to impedance is power factor. Is the
power factor constant? If s0, it is a more inleresting
result than just (o know that inductance and resistance
decline in the manner shown by a pair of curves. If it
could be established for coils in general (which, as it
happens, it cannot) it would mean that if the resistance
were known for one inductance and frequency it would
be known for all inductances at that frequency. So the
next thing is to draw a curve of power factor against
Z.F. current, to see if it is constant. Il not, and no obvious
relationship ‘can be perceived, perhaps a curve of power
factor agamst inductance might show one? And so on.
‘While a graph or table connecting two or more variables
may be uscful and instructive, it is much more valuable
to be able to deduce from it some law
284. Need for  expressing the relationship in simpler
Caution - terms. In doing this onc must be-
ware of the fallacy ol enunciating a
faw that All Negroes Have Curly Hair, when the only
statement that is justified is that all the negroes that one
can remember having scen had curly hair.  Refrain from
the temptation to extend a curve beyond the known
points {extrapolalion), however surely it may seem to
tend in a certain direction. Of course, cven filling in the
curve between the known points (interpolation) is not
justifiable without due consideration. The curve shown
in Fig. 178 (2) may scem to be the obvious one to draw
through the peints given, whereas closer investigation
might show it to be of
the form of Fig. 178(b).
How about Fig. 1797
Is the odd point an
error in reading,
oris ita genuine

Fig 178, Two ways of
drawing = carve
chrough a series of
plocced paints. Which

ighe
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1

irregularity in the rclationship
between the two quantitics
e graphed ?  The answer must be

o sought by repcating that parti-
cular reading, and preferably also

* by taking a few extra readings in
its neighbourhood. One of the
values of 2 graph is the way il
discloses errars, or (allernatively)
unexpected phenomena, in this

Fa 1791 I it were not for
@ poinc, 2 straight Ine could way-

I cheoas ‘resiis s rar; Another purposc of a graph

or does it pont out a fact ¢ is as a means to estahlish laws

of behaviour. Having confirmed that the odd point

in Fig. 179 is a mistake, one would
285. Deducing  draw a straight linc through the
Laws others and deduce a simple linear

equation connecting the two variables,
so that additional values of one guantity could be derived
from the other without measurement. This process is
explained in school mathematics. L[ the ** curve really
is curved, it is probably not obvious what the relationship
is; so the next thing is o try replotting on paper ruled
logarithmically in one or bolh co-ordinates, which may
reduce it to a straight line from which a law can be
deduccd. Alternatively, onc of the quantilies can be

squared or raised to some other power using plain graph

paper 3 or a curve plotted of differences between valucs of
5 at equal intervals of . These are some of the many
ways of manipulating data to extract some sense out of them.

The following data on the input resistance of *“ acorn ”
pentodes are quoted from an article by M. J. O. Strute.*

“Frequency : Mc/fs , Resistance - Ohms

375 140,000
6o ‘ 49,000
915 24,000
150 ‘ 7,700
238 2,800 _

* Wireless Engmeer, Septemiber, 1037, D 481
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If these are plotted as a graph with linear scales the
result s a curve that anybody familiar with graphs might
make a good guess at (Fig. 180). But to cut out guessing,
it is replotted on logarithmic paper (Fig. 181), and it
seems reasonable to regard the points as lying on a straight
line. It can then be scen that for cvery 10:1 ratio
unit of frequency (say 30 to gov), the resistance covers
two (2,000 t0 200,000) ; and that as the one increases the
other decreases, so it can be deduced that the recipracal
of the resistance (i.c., the conductance) of the valve is
proportional to the square of the frequency. To make

quite sure of this, Fig. 182 shows ;z plotted against £
(and incidentally shows the superiority of the log curves
for well-distributed plotling).

One can say, therefore, that within the limits of accuracy
of the cxperiment, and within the limits of frequency

oo — \

REBISTANCE 14 OHMa

—
© E a 5 E 2

FREQUENCY IN  MEGACYCLES PER SECOND

Flg. 180: The goneral Jaw connecting Inpuc resistance of 8 valve
wich frequency is ot abvious from a curve plotced i this way
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covered, the above-mentioned law applies for this valve,
It is found experimentally to apply to all valves tested,
then one may perhaps venture to work on the liypothesis
that it applies to all valves, until evidence to the contrary
is forthcoming.

This is an example of an empirical law (i.c., established
by experiment 1ather than reasoning). “law ”
chicfly useful in so far as it enables the results of untried
experiments to be predicted.  For cxample, having taken
the five readings plotted in Fig. 181 onc may with some
confidence predict the resulis of measurements made at
intermediate frequencies.  But so long as the law is only
empirical one always takes a chance in using it, and the
further its use is extended the more risky that chance
becomes.  But an empirical law often points the way to
establishing a theoretical proof, which shows how far the
law applies—whether it is general or restiicted. Until
the proof is forthcoming, confidence in general use of the
law is more o1 less lacking. Sometimes the theory comes
first, and as theory is often badly faunded it, too, fails to
inspire complete confidence until it is supported by practical
test.  When both agree (but not becauwse one has been
forced or coaxed to fit the other) the position is secure
enough for mast people.

All this may sccm “ highfalutin” (o the owner of the
kitchen-table lab., but the same principles hold good.
As exhorted in Chapter § (e.g., Fig. 12), it is essential to
beware of drawing false conclusions, even when merely
taking voltmeter readings for checking over a sel. .

Last of all, cven if the conclusions or deductions are
for immediate consumption il is wise to make a permanent

and accessible record of them, This

286. Recording 15 true cven il the answer is, so to
Results speak, a lemon. Negative results are
as important as positive, howesver

unsatisfactary they may scem at the time. Results that
o not turn out as predicted by theory or previous ex-

periment may show the way to new discovery. If a
thing © doesn’t work ”* there is a temptation to throw the
job up in disgust ; but perseverance with the object of
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finding the cause of the failure is nearly atways worth it,
if the time can possibly be spared. But however dis-
appointing the result, it is worth recording with fall
particulars, if only to show at some future date how not to
attempt it. There is often a tendency to suppose that
work can be remembered and that there is no need 0 go
to the trouble of recording it minutely. O, if recorded
at all, that rough abbreviated notes sill be understood
when referred to later. Of course, some people may
have entirely different memories, but the author has often
looked up notes of work done several years ago and found
them either unintelligible aliogether or demanding a good
deal of study before the threads can be sorted out and
the results and the conditions under which they were
obtained made clear. Graphs there may be, without
explanations ; symbols used with no definitions.

The best way is to wtite out an unabbreviated * fair
copy > of the original work ; but if that is too much, a
few marginal notes explaining what it is all about, and
picking out the results prominently so that one has not
fo wade through a lot o working to make surc which
really are the results, is worth while. . Unless an expetiment
is very bricf, it must Le recorded as it procceds, and very
often some of the earlier parts are Jater found to be wrong.
In such cases a marginal note to that effect should be
made, so that when coming to it a long time later the
mind does not take on board material only to have to
throw it away again when the later results are disclosed,

Another thing ; make a careful note of the condition
of the experimenl—ciicuils and instruments used. Thouglh
some detail among these may scem unimportant at the
time, later on it may be realised to have been vital,

The actual form of the records depends on individual
circumstances.  Loose leal books, preferably large enough
to take graphs without lolding, arc generally betic than
plain notchooks and cnable leafiets and data from variouws
souces to be filed in appropriate places. For large
quantities of material, folscap foldeis in cabinets may
he more suitable.  There are various more or less elaborate
systems ol filing by subject, but the authot has found that
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the system may tend to become a master instcad of a
servant, and that the cntirely unscientific alphabetical
arrangement is more effective for practical purposes. The
difficulty about subject filing is that subjects overlap and
much mental effort is expended firstly in deciding what
subject certain notes should be filed under, and later
what part of the system should be searched for thesc notes.
Information on what other people have been doing is
a problem. Much time is certain to be wasted in “ dis-
covering ” what has already been
ng published, or in preliminary work
Information that would he unnecessary if onc were
informed about the methods and
results of others ; on the other hand, it is impossible to
read all the world's techmical publ]cauons, and time is
wasted in scarching through even a small portion of them.
The most helpful contribution 1o the solution of this
problem is the *“ Abstracts and References > section of
The Wireless Engincer, and especially the indexes to them
published in each December ssue.
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CHAPTER 12
FOR REFERENCE

OST technical matter would be tedious and clumsy
M in the extreme if usc were not made of symbols and
abbreviations. But to get the full benefit of these
it is most important that everybody should use the same sys-
tem of symbels, and that that system
288, Symbols should be casy to use and understand,
and Abbreviations and be free [rom ambiguities. As a
result of a great deal of work devoted
to standardisation, there is remarkably good agrecment
throughout the world, but individuals do not always
conform to the accepled standards. The symbols used
throughout this book agree with those of the British
Standards Institution. The kst that follows is not
exhaustive, but it includes most of thosc in common use.
It is important to grasp the distinction between the symbol
for a property, such as inductance, and the abbreviation of
the unit in which quantities of that property are reekoned,
such as henries. The latter is correctly used only after a
mumber  specifying a particular quantity, as 160xH,
standing for 160 microhenrics. If the same thing were
wsed in an equation it would mean 160 multiplied by the
permeability of magnetic material  multiplied by
magnetising force.

Abbreviation
Prapertr Simbol  Unit for Unit
Time + second s
Length ! centimetre em
Wavelength A metre m
Frequency S ocloperseoond s

Angular velocity (or Pulsatance) radian per second
letiromotive farce, ¢ m £, of eolage . volt

Current 1 ampere A
Power P watt w
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Abbreviation
ropert Sepbol, Uit ;
Sell inductance
utual inductance \r heney H
Capacitance farad 3
Resistance R ohm g
| inductive ohm
“”““"“\ capaditive xige ‘« ohm Q
pedan ohm Q
Memeeong force G e
Flux densicy B gauss (or line per sq. em)
Total flux b maxwell (or ine)
Standurd Prefises for Uit bbresiatirs
significs one million (109
signifies one thousand (%107
signiics anc thownd (10
signifies one millionth (% 10-5)

e micrommicre.  sigmiles one. billionth {x 1619

The following terms when met haphazardly are
particularly liable to bewilder the novice, but can’ casily
be distinguished when their relationships are grasped i—

Resistance, R Conductance, G, =
(resistivity, p) o
Reactance, X,= ol — ° Susceptance, B, =

inductance, F. wC (not aften ueed) X
capacitance,

Impedance, 2, = v/ R?
Alternative endings—

n ebstrace electrical (or magetse) property
— 4 component embodying The abos.
Z Genotes the adiective corresponding

iuiy — the mount of —ance posscased by tnit dquantity ot
‘material

Admittance, ¥, — |
“Z

For cyamplo—

Resdsiance 1s the pmpedy of muaterials that causes clectrical energy
to be disupated as

A Resistor is a piece of equipment designed to embady resistance
Resistive—possessing resistance

Resistivity is the relatne resistance of materials  the resistivity of
copper at 20° C.1s 1 7 pQ per can. cube (ot per cu. cm, 1}
Not ali of the above items are {ully inflected in this way,
and where it is sensible 1o do so it is still sometimes 1ather
3%
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pedantic ; it is more common to refer to a il and
condenser than an inductor and capacitor. What might be

called caparirity is actually named permittivity (
instead of industivity there is permeability (p).

Y serw

i J

5 an

Cartheonnecrion Frame serisl  Radio-frequeney  Arcored  Audo-frequency
gl G
)
Vron-cored  Fixed condensar  Semi-variable Varmable Electrolytic
o ABRR, HEen
(T line
N
electrode)
=8
mary or | Primary or sccu Feed ressonce  Vorlable  Potsncometer
accormaen el et e, oL,
[RS P,
o =g &é 4
raiepols  Singlesole  Doublopole  Rotary shore. Rowry seestor
Iy e |y Swich arcaneg swieh | doien

A
(O () Q! )
Rotar Indirectly- HH trode M octede | [-H heptode
change swech  heated triode pentode
with eart
)
+H RF pentode I-H sereened- | H double I-H double I-H criode
gnd valve diode i0de riode

Fiz 183 Symbols used in curcui diagrams
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2wl

Moupe  LHoupuc  Fiament symbol |4 Dousle  Direcdy-fetied
tetrode diot ourpuc
e s paneode T

@@@.

QFF DM fullrve LH folbwave DM halfwave Cathode-ray
aucput valve runing

i,
= ¢ L“f\
Neoprmme  Twag nd Lms  Mowgcol  Heahors
indicator <cator (general loud speaker

mbol)

Impedance  Microphone  Neon lamp  Photo-electric Fuse
Gnspecifed) i

DC generacor

—— O —©O—

Quarczcrystal  Voltmecer  Milllammetee  Ammersr  AC gencrator
183 (conunued)

Other symbels and abbreviations are =

Equal to
Approximately equal to
Greater than

Much groater than

ro* - 100

10% = 1000

ARV
A

1
v 1074 = Or 0 601

Not greaer than Tac0

Less than i .

(and so forth) 108 = Vo= g162

Amplification factor {of 1alves) 4 10} = +/1 1réz

Anode A.C. resistance ,, .. 7, SR

Mutual conductance .. ., gin i
(or transconductance) e=27i828 ..,

352
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Angle between vectors representing alternating current and voliage ¢

Poswer factor cos $,

Lass factor or dissipation factor, cot ¢, = R/X

Magmfication factor, Q, 15 variously defined as Z,R (rectprocal of

power factor) or X/R (reciprocal of loss factar), but i narmal circuits

where Q > about 10 they are practically the same thing.

Loss angle, 3, is 9o°—4, and R X = tan 8

Root-mean-square R.M.S. Alternating current A.C.

Decihel = db or mare correctly dB Direct current D.C.
Owing to the prevalent isuse of the abbreviations A.C.

and D.C., more especially as adjectives, the author suggests

that where applicable the 1oll<\wmg should be substituted::

Zero-frequency % (instead of D.C., where * D
would be used 1o distinguish
from * alternating

Audio-frequency AF. (frequencies from about 30 to

Radio-frequency F.
Video- (or visio-) [requency $E

scanning, from o to about

3 Mcys)
Intermediate-frequency  LF.  (the frequency selceted from
the output of a super-
heterodvne  frequency-
changer)
Utra-high frequency U H ¥, (frequencies above 3o Mels)

The use of “L.F.” and “ H.F.” is stifl common, and
they are generally understood to correspond to “ A.F.”
and * R.F.” respectively ; but the latter are (o be preferred
as being less ambiguous. Although “ R.E.” incudes
“ 1.F.”, where both are used together * R.F.” is understood
to refer to the frequency of the received carrier wave.
F'his is sometimes referred to as 8.1 (signal frequency),
whereas others understand * signal-frcquency ” to mean
the modulation frequency. It is high time that & con-
sistent usage of these terms be standardised internationally.

Harmonics. The practice of referring to the harmonic
that is twice the frequency of the fundamental as the first
harmonic, although doubtless true, is deprecated, because
it is much less confusing to consider the fundamental as
the first harmonic, the second harmonic being twice the
frequency, the third three times, and so on.
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Alternating current and voltage, and any quantities
that can correspond to them, such as magnetic flux, can
be cxpressed as instantaneous va]ncs,
289. Alternating peak values, mean values or R.M.S.
Current {or cffective) values. The instan-
tancous value is constanily changmg
during the cyde, and is specified by a small lctier, e.g.,
The peak value is the greatest (poslln? or ncgalwe) durmg
acycle, and is denolr‘d e, by I or “17.0 The R.MLS,
value is simply ©

4
For asive wareform 1= w5 = o071
2

may

Towy = 14140 1
and Lpgn = 2m¢ — 0636, 1
=

‘When the waveform is nof sinusoidal the ratio i different,
and this causcs differences in meter teadings according to
whether they depend on the R.M.S. value (thermal meters)
or the mean value (most metal rectifier meters) or the
peak value (slide-hack valve volumeters),

A thorough mastery of A.C. circuits is one of the most
essential things in radio work. Here are the most-used
relationships. The symbols arc those given in the
preceding pages, except where noted,

o = 2nf = GaBaib. . £
X1 = ol
l
wC
V R 4 (Xp — Xoy®
o
VA

N
I

Complex circuits are equivalent, at any one [requency,
1o simple ciicuits consisting of R and
290. Calculating X in series or in parallel, whichever

Impedances is the more couvenicnt It must
always be remembered that R and X
354
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must not be added arithmetically, but zeciorially, as is often
indicated by the symbol j, meaning thal a vector represent-
ing the quanuly to which it is prefixed is displaced by an
angle of go®.  The vectors of R, X, and 7 therefore form
a right-angled triangle, so

7 R 4jX — VR4 X®
Algebraically 7 — v — 3

“L'o simplify calculations in_which j ap-
pears, the following are uscful (p and 7,
and ¢ and s stand for any resistive and
reactive quantitics respectively) i—

WhenZ — —! , ad X = —
Al
_rin P g x = s
Ea R=tayqo ™ 72+ s
Z = (p+ip+iR=pr a5 and X — gr +ps

Z = Vptiq. R= \/\

To translate parallel circuit elements into their series
equivalents, and vice versa, thesc relationships are very
uscful :—

R, X2 - BX,
R I
B e
R, - REEX g REEXS
R

Scparate resistances o7 1eactances in series can  be
combined by siraple addition (remembering that capacitive
reactance is negative), and the reciprocals of resistances or
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reactances in parallel can likewise be added. For adding
reciprocals it is convenient to remember that
1 AB 1 AB
o= A% and o L = _AD
i1 T RFB T B—A
A'B A B
Example—Reduce the cirouil shown to ils simplest equivalent
at 400 cjs. (The resistance of the coil
291. An Example is represented by the 360 2, and the
resistances of the condensers are
assumed Lo be negligible).

The equivalent reactances are
worked out from Xp=wL,

Xe = —. @ = 2,500 very nearly.

gl

25,0000
1000

T 25000
Toa.,u

5000% oo

Fig. 185 3000
This immediately L\ con
reduces to

T

Fig. 186

o Converting the series elements
into parallel cquivalents

00
- :

o R, = PRS0 g0 g
o2 ,500%

X = LS,’;%L = 3550

T"""‘"“ Fig. 187
356
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Combining  the re-
sistances by adding the
reciprocals

25,0000 sas00 2,600
— 25,000 X 34,500
25,000 -+ 34,500
= = 14,500
Fig. 183 - 20,0000 500
Converting the parallel elements
into series equivalents
R, _ 500 X 3550° _ g0 w0000 000
14,500% + 3,550*
14,500% X 3,550 _
X, = U500 X BI50 — 5450 0
14,5007 4 35508 0 Fig 189 [-moo0n

Combining reaclances, the simplest series
equivalent is the result ; and this is easily changed
swo  into the parallel cquivalent if desired.

3509 Fig. 1911

Fig. 190 Tossen

Tomaes )

Examples of this sort of thing constantly occur in valve

amplifiers, where there are intervalve couplings, tonc

control circuits, valve anode resis-

292, Valve Circuit tances and capacitances, etc., and it

Calculations is desired to calculate the performance

at some [requency or frequencics.

When the equivalent simple circuit is required at many

frequencies the work becomnes laborious, and is best carried
out in tabular form, as explained in Sec. 282.

It must be remembered that the voltages across R and X
in series (or the currents through R and X in parallel) must
be added vectoriall. For example, if a valve grid
condenser has a reactance of 50,000 @, and the grid leak
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resistance is 0-25 MQ, and the signal across both is
12 volts, it daes not mean that 2 are dropped in the
condenser and 10 are applied to the valve across the leak.

The total impedance is 2
o< vmma

257 T o
V0257 + 07057 N

= o-255 M@,
sa the voltage across the Y emmag iey
condenser is
005
12 o 23 = 235 Fig. 192 : A ] fe of |
5 2. 192 2 A typical example of vectoria
55 Sidiion of Valtages and 1mpadinces
q 025
and across the Ieak iy 12 % 2 = 1176,
0235
B =
it i ot
by = =T [
a— = imanniy
| |
e T R I
JRA 5
% g

«
Fig. 193 : Universal curves whereby the dmsum oi voltage between

a resistance and 4 reactance can be read off, This Is particufarly

uselul o estimating \'he performance at dwﬂer:m frequenctes, of

e amphifier circults

As this type of calculauon is tather common, here
(Fig. 193) is a universal curve which is uscful for finding
the loss at any [requency due to a coupling condenser, or
the cut-off given by a tone-control condenser or choke.
The action of complex circuits can be determined by first
reducing them to simple circuits.  In the above numerical
example the ratio X s @25 —
X o005

358
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voltage across the resistance is scen to be 098 of the total,
and across the reactance (candemser) o-1g6.  Multiplying
these by the total voltage, t2, the answers are 11-26 and
2-35 as before. To render calculations of reactances
urmecessary, scales of inductance and capacitance are also
included.

Resonance takes place when X, = X, which in a
circuit with X, Xo, and R iu series
293. Resonant makes Z = R and simplilies matters
Circuits greatly.  If 7, denotes resonant
frequency—
1 2 L 1
ol = ¢ “ T e S i

This can he put into various convenient forms to suit
the most workable units of I, and €. Where not stated
it is alwayvs assumed that the units aic those in the first
table in Secc. 288.  For example :—

_ o Lin pH
. (CinuF) or { GinuF
VLG frinkefs

Or, if wavelengths are prefeired to frequencies ; as
% — 300,000,000

- Lin pH
¥ B in g
1885 1V LG ((: i e
The paraile! (or rejector) resistance of a resonant cireuit,
when R {in cither X, or Xg arm, or part in each) is small,
is known as the dynamic resistance, or anti-resonant
resistance, Rp.

Rp ~ RL = wlQ (Q assumed 4 about 10)

(either L or C)

Q=g
It Q 3 -3, the circuit is non-escillatory.
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If cither reactance is tapped, the impedance at resonance
across the tapped-off portion is still resistive, but is pro-
Eortional to the square of the tapping ratio. So across

alf of the coil Rp is one-quarter its valuc across the whole

coil.
1 !
I
Rp Ro
ntI o '.’xmt l l TG 1 n?
@) @
Fig. 194, How che dynamic resistance, Ry, of 3 wned cirsule (s reduced by ™ capping

down,"" eicher an Inductance (a) or capacitance (h) side The impedance across the
Pping points still remans a resistance

294. The €} is a mcasure of the “ response ”
Significance ol a tuned circuit at resonance, and of
of “Q” its selectivity ; and is sometimes known
as the because it is equal
to the ratio of the voltage developed
across the circuit to the voltage
injected into it.
An average value of Q for tuned
GO circuits is about 100. If a4 resonant
j circuit includes various items in
parallel—coil, tuning condenser,
v valve holder, wiring, ete.—each
with its own  and C, then the
Q of the whole circuit is given by
wer- ek 1T .(.C‘+C
Fig. 195 QT Q. Q.C
C is the total capacitance ol the mrcun Qu is the magni-
fication of the ceil as such, and the numbered guantities
refer to cach separate ilem having capacitance {including the
sell-capacitance of the coil regarded as a separate entity).
The response curve around the resonant frequency is of
special practical interest ; and fortunalely its shape for a
single tuned circuit, or a mumber of
295. Resonance similar tuncd circuits, is the same for

)

+ etc., where

Curves all circuits, differing only in scale, so
can be shown as a universal curve
360
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K = T TTTYT
-] [5Ne_cmionloy doURZh
s
m 4 | ] [
2 TR TWo_cRiT u Y GOUPLED
I A ARS OF GIROUITS
g 1T
|
H
Ew
25 = e
E
a8
g2
£
52
o 9
2o
EF
F T T 3
P — ! 5
T X
: T >

@ x FREQUENGY OFF TUNE _ ¢ Tm
FESONANT FREGUENCY

Fig 1965 Unversal response curvs, showing the extens to which the response flls

off =5 the resonant frequency Is departed from. Comparing ane critlcally-coupled. pa

of circuits with two, Sl C1CCOs, 11 an e See that the steepnes oF the Sops well

away from resonance 15 the same, but the coupled pair gives much more level response

(Fig. 106) from which the behaviour of any particular
circuit can be quickly judged. For example, suppose
Qs 80, and the resonan( frequtnc) is 500 ke/s. Then by

maultiplying the seale by 3t becomes a scale of « ke/s off

tunc” for that parucnla_r circuit. o find the adjacent-
channel (g ke/s off tunc) slectivity, the scale reading is
Boxg __
500
curve for one tuned circuit, is 3, meaning that when the
civcuit is detuned by g kefs the signal strength required to
provoke a given response is three times as great as if it
were right in tunc ; or that the adjacent-channel response
is one-third that at resonmance. Two circuits entirely
uncoupled except by a perfectly screencd valve give a
ratio of g ; three, of 27 ; and so forth.
296. Calculation of Amplification and
Selectivity of Tuned Circuits
The equation for calculating these curves is
361

= 144, and the response ratio, 5, read from the
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S R )

Qfm
fr

Jfr—=resonant [tequency

where o

fiw = difference  be-
i tween  resonant  fre-
T quency  and  actual
———— frequency
N = number of tuned
| circuits

Fig 197

When N = 1, the formula of course is v 4&® + t
Maximum response (at resonance), M = Q

Ifin astage of amplification 1, >>> Ry, (7wLQ) the gain

O gm

al the stage, A, ar QgnoL or 2euR or Rpgy

297. Coupled Circuits

Coefficicnt of coupling, K,=—
vV

, where X, and X,
Xz
arc the reactances of the two cireuits and X, is the mutual
reactance.  For inductive coupling
K- M
Vv LL,

If the total inductance of a pair of coils connected in
scrics is measured before and after the leads to one coil
are reversed, 1., and Ly being the two readings, then

M=—L—L

General formula for calculating secondary rcsonance
curve for one pair of similar coupled circuits

3 7‘ 4 Bz
5 Q‘*Hr?x/dz‘v.‘ﬂ'*ﬁ*)a* | [—}4@/
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where B = QK —
_ QM
T

Condition (1). B

when coupling is wholly inductive,

=1 (ctitical or optimum coupling)
R

Then mms = 2, 2t
resonance
Wl c
and A n 2&:' !
(ro o> Ry)
S A A quta i

or of course, for N pairs gm
of circuits, (gai+1)%
from swhich universal rc- Fig 198 |
somance curves can be worked out (sce dotted curves in
Tig. 196},

Condition (2). B\ (under-coupling)

My ~Z =

Condition (3. B=~1  (ovet-coupling)

My« = =, but not at resonance
Response atresomance, m, — %8
ity

M 1B
.
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o, (i, halE peak separation) — 7Y v A=

foy = V2fur
So five important points can casily be calculated.

gnowl.f
A

A (at resonance) as

Qg ol
(at peaks) Q = all
Ly
298. Resistance
_ resistances of metals compared with copper.  For
usc in conjunction with wire tables, Sec. g11.
‘

b atresonance =

Comparative |Temperature Cumparative |Temperature
Metsl | Resistance | Cocficient | Metal | Remstance | Coefherent
dvi 8 o018 | Mercurs | ma
Alumlmmll 6 o5y | Nicheome 53
44 EEI =
Comsordin o o7 | Nuckdin 4
Constantan 5o | ewoor2 | Phosphor
Copper | ronze ‘ .
amnealed) ' 040 | pratnord 2
Lurd 20 00022 | Plaumum I3
e Silver 094
Silver 1218 | ooiBooza | Steel (hardd 1
Gold v5 | a6 | o
Tron fsot) | 6 o3 | ‘lungsten 3
= ey fine 7
Miangamn | 27 | oocooss

Temperature cosfhownts abone e in perccutage rive i resatance per °C

299. Skin Effect
Maximum gauge of stmxght wire of whicli R.F. resistance
does not exceed Z.F. resistance by mote than 1 per cent.
Fureka,* tlrequency, Copper, Eurcka,*
SWG. | Mo SWG. SWG.

Freguencs, - Coppe

100 30 s H 47 33

200 34 18 10 49 37

300 36 9 20 50 e

500 38 21 30 - 12
1,000 s 24 5o - 1
2,000 i 28 100 — It
3,000 4

30
» Sufficiently corroc for mangim .

20 -
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-

1
1
b
#F—roTAL Jps
FOANE N o
e the
4 o a5
Fictems »
L

Flg 200 : Daca sheec compiled from ;mf.m fosmuls by M. F. Chariman, by which
the inductance of coils of all shapes can easily be fou

The universal curve sheet, Fig. 200, covers the calcula-
tion not oenly of single-layer solcnoids, but of multi-layer
coils of mast shapes, including fa

300. Inductance * pies *, and even toroids. From the
curve and ordinate corresponding

most closely Lo the dimensions of the particular coil, read
off the factor L', which is then to be substituted in the
formula given. A special curve is included for toroids,
for which the dimensions have diflerent meanings, as
shown ; and it should be noted that the formula differs
by a factor of 0'01.  The curve sheet enables the correct
number of turns of wire on a former of given shape for a
required inductance to be calculated. The wire tables in
Sec. 311 then enable a suitable gauge of wire Lo be selected.
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— -, Approximatc for-
mula* for calculating
reduction in induc-
tance due to non-
[e——d——n magnetic cylindrical
i i screcning can :—

within screen, multi-
ply inductance un-
screened by the factor.

1

Fig. 201

301, Capacitance

Flat plate condensers
¢ _ 00885 AN
i

niicromicrofavads :

where A = arca of each plate, sq. cms.
N = number of plate separations.
' thickness of cach separation.
B = pt‘lmi[(i\itv or diclectric constant, of separ-
ating material (for air, =
Edge eifect is neglected. A 2+ platc condenser has onc
sepatation ; a 3-plate, two ; and so on.
Co-axial cylinders, or sereened wires.
PRI = length in cms.

" 7, = tadius of outer cylinder,
logro ! in cms.
- 7y —= radius of inner cylinder,
in ums.
See lig. 208. & = permittivity.

* D to W. G 1w (Woreless Eninieer- April, 1934, . thol.

Fi

o

R REFERENCE

Condenser discharge. ) )
Ve V= initial voltage of charge.
V,= voltage after discharging
through resistance R
for time i secs.
e — base of Napierian log-
arithms.
=¢p9 71828
The quanuty RC is known as the Hme wwum and is
equal to the time for the voltage of the condenser (0 fall
(0 0-368 of its initial amount.

302. Aerials
Eflective height of rectangular [rame acrial, in metres

— oNksin (J[“’ ) N

number of (urns.

300,000 ) k= Deight in metres.
width in metres.
f — frequency in kefs.

When multiplied by the ficld swength in pVm the
above gives the microvoltage induced in the frame aerial
(see Sec. 251).

Formule 101 open aerials are not given, because only
idcal forms can be calculated with reasonable aceuracy.

303. Feeders or Transmission es

Characteristic (or Surge) inpedance, Zy & A/ ¢ (Josses
neglected).
Air spacing. 1. = inductance per unit length.
 — capacitance per unit length.
Parallel wire feeder.

N n
L & o-0002 log,, — miciohenries per cm.
¥

o T il e
D
logoy 3
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Fig 203
Z, ~ 276 Iog.,,r: ohms,
Coaxial feeder.
L~ 0-0046 log,, 7' microheniies per cm.
Ty
G w229 mmfds. per cm.
logye 1t
oga
Zy A 138 logy :' ohms.
.
Quarter-wave Transformer.
A line of surge impedance Z, can be matched to

another of Z, by linking them with a quarter wave
Iength of line of impedance /Z,7Z,

304. Electromagnetism

Magnetising force, H = ”5’7711\1

Flux density, B = gH

‘Fotal flux, & = BA

L= 0N rasy pANT
1x10¢ Ix10®

N = numbet of turns
length of magnetic path, cms.
p = permeability of magnetic path
A == cross scction area of magnetic path sq. cms.
E.m.f. generated by sinusoidally varying magnctic field
Frms = 4°44 Buaxr AN /X 107® volts.
368
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305. Transformers

_ 10°
444 Buuax Af

Resistance in secondary circuit, Ry, is equivalent to
RT,

T2
numbers of primary and sccondary turns respectively.
Similarly for reactance or impedance.

Leakage inductance, Ly, = Ly (1 —K?) (K = coellicient
of coupling) (sec Scc. 297).

An audio transformer in a valve anode circuit is approxi-
mately equivalent to the following circuits at various
frequencics :—

Turns per volt, g

in the primary circuit, where T, and T, are the

At low frequencies.  (Fig. 204).
L, is the primary inductance.

Gain of stage = =

#
1:n ~atio
Ro
.
o rL= b
L, L=t
Vg
Fig. 204

AL medium frequencies.  (Fig. 205).

g
ot

Gain of stage =

369
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Lo
nV¥yg vy
g, 205 s, 206

At bigh frequencies.  (Fig. 206).
(Taking account of eficct of leakage inductance, but
not of eapacitance.)

Gain of stage = L
V{ra )+ ell?
306. Valves
Tundamental formula  p =

Velocity of an electron due to patential of V volts
(V <2 15,000) = 5:94 + 107 37V ems. fsec.
Input capacitance = Cye + Cpy (1 4 A cos 0)

where A = amplification of valve (ratio” of

voltage developed across load impe-
dance in anode circuit 1o grid signal
voltage) ; maximum is pi.
0 — angle by which voltage across load
impedance leads anode  circuit
voltage (1 is positive for inductive
load.

Fig 207

370
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With resistive load (neglecting, or including in the load,
the capacitance Cy)—

R,
Tuput capacitance — Gy + G (' + AR I{,)

5 1
Input resistance = — ——

! wCgASinG

With inductive anode load circnits the input 1esistance
is negative ; with capacitive loads, positive.

Negatre feed-back.

Il a proportion, B, of the o\xtput voltage of an amplifier
giving an amphﬂcauon A, is fed back to the input in
oppesition to the signal, the amplification is reduced to

., A
T 1 +AB

In gencral, distortion and noise arising in the amplifier
are reduced in the same ratio.

Suppose the voltage mnphhcmon is 500, and 6 per cent.
of the output is fed hack in opposition (B == 0-06). Then
A= 0% g

o 1+ 30

If AB > 1, A QI; 5 thatis to say, the amplification

is unaffected by minor changes in the amplifier itsell and
depends only on B, the leedback cireuit.

307. Smoothing and Decoupling Filters

“I'he curve sheet, Fig. 208, shows the reduction in ripple
due to the use of a single resistance-capacitance or in-
ductance-capacitance filter, assuming that the reaclance
of C is negligible compared with the impedance of the load.

308. Decibels
{See also Secs. 21g-20)

The number of dh corresponding (o the ratio hetween
3
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FREQUENGY IN GVCLES PER SECOND

Jix cffoctive
R RessoT e simpte e

ripLE e T ot
resbancel” I
L aasumed chat che I
T °r padance of che load ix
much higher than that
- ol C

two amounts of power, P; and P, is
P,
db = 0 log,o p*

‘When the valtage or current ratio is known, and the
impedances across or in which they act are the same or
equal,

db = 20 log,n\é ot 20 log,,,%‘
s ;

If impedances are unecual,
2

db — 10 log,, v
f Z,
= 20 loo\‘,V + 10 log”—~ - 10 log,, 10

or 20 log,, ,2 + 10 lag,, Z 7
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Va2, cos g,
174 C05 0y

or 10 log

* - 10 log,,

L2, h
YIPZ, cos g,

cos q;,

cos cp,
cos @

whete cos 4 is the pow(‘r Pt impedance.

Voltage ratia

DECIBEL TABLE

.
| Power ratio | db

!
Valtage ratia

equal al Power ratio
jmpedance + = impedance)

1000 1000 1 000
098y rorz 1023
0977 1023 1047
066 1035 1072
©°9355 1047 1-096
0944 1050 1122
0933 1072 148
0923 1 o8y £a7s
ogrz 1 090 1202
0-goz 1109 1230
o801 12z 1259
o841 18y 1413
0794 1259 1585
©°750 1334 778
0708 ! 1413 1995
0668 1496 2239
0631 | 1 585 2512
0596 1679 2818
o562 1778 3162
© 53¢ 1 88y 3548
©°501 1995 3981
0473 27713 +°467
0447 2239 so1z
o422 2371 3623
o308 2512 6310
0376 2661 779
01355 2818 77043
0335 2985 8913
0316 3162 1000
0282 355 126
o250 398 159
0224 147 200
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DECGIBLL TABLE~—continued.

Voltage ratio

Voltage ratio
(equal

equal Power 1ato (Ib qual Power ratio
impedance + —>| mpedance)

0200 00308 14 501 2501
o178 00316 15 562 316
0159 00251 6 631 308
o4t o 0200 7| 7ok ot
01126 aorsy 18 794 631
017z 001326 o | ot 794
o100 0-0700 20 1000 1000
316X 10— 10—? E 316X10 108
-t o ! 10 0} 10t
316X10-Y  10=F 50 316X10% | 10°
1o—? 1o v | 6o 108 10°
g 107 70 et | e
= |E
3 a6x10 1o 90 3610t 0t
| 10— 100 101 1010
DOV [ o 5 "oxa0n | on
10 | oo ‘ (20 ‘ 10t

309. Relationship between Musical

Note*
€' Doh
B Te
A Lah
G Soh
F  Fah
E Me
D Ray
¢ Doh

and Frequency Scales

| Intersat Fractional | Frequency
frmn lowesl Ratios Ratiof
Octave | 48 to 24, or 2| 2000
Seventh 45 ., 1888
Sixth oo 1682
Fifth 3% 1498
Fourth 32 1335
Third E 1260
Second |27 1122
Unison | 24 17000
« 12z
1059

Sce also pano scale (Fig. 89).

*This bupns at C 80 5 to sccommodatc the whold majar scale on the white

keys of tt

< P
T Calcutated on the *

e tuncd

In or
does not agree exasly with the Fesbtional ratios which are

or

s gormperament ” scale 10 ehich hesbonrd istruments

o allow changes of kev without refuning i as can be seen, it

corréet as judged by ear.

T2 1 nteseatins t0 Tt that the rayo of 2 whole fone s pracrcally the same 1= the

o halfa decibel
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310. Standard Frequency
NP1, Standard Modulation Frequency Transmissions . ;000 cfs*

This transmission takes place on the second Tucsday
of cach month on a nominal carrier frequency of 396 ke's
(758 metres) to the following schedule :—

10,40 G.M.T.  Announcement in moise—* CQ de G5ITW
(3 times). Standard Frequency Emission
al 1,000 cycles per second ”.
Ttansmission of modulatien fi
one hour.
Modulation frequency reduced by 25 parts
in ten million (to enable observers 1o decide
whether their own frequency is above or
below that of the N.P.L. standard).
Announcement in morse—* CQ de G5HW.
The correet frequency was ggox (o
-000p) ¥ (3 times).

In this announcement ol the cortect valuc, the figures
before the decimal point arc omitted. ‘Thus, -gggx
indicates a frequency of 99g-69g+ ¢fs, and -00ap a [requency
ot 1,000:000y c/s.

In the London and Surrey district, at least, therc is no
nécessity for a special receiver, as the sccond harmonic can
be picked up on an erdinary broadcast receiver, on 792 ke/s
(379 metres).

The accompanying wire tables, which cover almost
every practical need, are published by kind permission of
the compiler, Mr. C. R. Cosens, M.
and of the Editor of The Fournal of
Scientrfic Instruments, in the April, 1937,
issuc of which they fust appeared. They have been
extended by the present author to include the last three
gauges, which, however, because of their extreme fragility,
are not highly recommended.

The following are some extracts [rom Mr.
explanatory remarks.

“The resulis given arc fair averages, and different
samples should not vary therefrom by more than a few

#Suspended during the war , but standard 1,000 ¢/s 1 avarlable ovet land line
5 areamgement S O Usbormiones, e il London

M 375
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per cent. In practical use, any apparent improvement
on * slide-rule accuracy * is illusory ; for example, a change
of temperature of 4° C. alters the resistance of a capper
wire by about 1 per cent., and although resistance matcrials
have much smaller temperature coefficients of resistance,
they vary from sample to sample with unavoidable small
changes of compasition and of wirc diameter, due to wear
of the drawing dics. If greal accuracy is required, it is
advisable 1o determine the relation between length of wire
and resistance by experiment, and then to mark the result
on the reel.

«The resistance of a known Jength of copper wire is often
required, and for transformer work, etc., this Iength will
invariably have been calculated in centimetres, so that
the usual ‘ ohms per 1,000 yards ’ is inconvenient. Ohms
per cm, length would be best, hut to avoid zeros after the
decimal point, ohms per kilometre of copper wire are
given. For resistance wires the length needed to give a
specificd resistance is usually required, and this is given
in the tables as centimetres of wire per ohm, for hoth
constantan and manganin.

“Since wire is sald by the pound or ounce, it is desirable
to know the length contained on a reel of stock weight.
The usual tables give the weight in pounds of 1,000 yards
of bare wire, no allowance being made for the weight of
the covering, although this may amount to more than a
60 per cent. inerease for very fine wires, Since silk-covered
wire is more expensive than cotton, it is often bought in
small recls of an ounce or two, while the cheaper cotlon
covering is used for thicker wires, and is scldom bought on
recls of less than a half or quarter pound. The tables
therefore give the length of p.c.c. wire of each sive that
will be found on a 1 Ib, reel, and the length of ns.c. on
a1 oz recl. These have been calculated for copper wire,
with allowance made for the weight of the covering ; but
the densities of constantan and manganin differ from that
of copper by so small a propertion (say 1 per cent.) that
this column can be used for thesc materials also without
appreciable error.

“For constantan and manganin, the number of ohms that
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may be expected on a 1 Ib. reel of p.c.c. and on a 1 oz
reel of D.s.c. are given.  As stated above, these are average
values and considerable diflerences occur from sample to
sample, especially in the case of manganin, The deviation
should not exceed 5 per cent., and is unlikely to be more
than half this, but it should he remembered that this is
the resistance as supplied, and that when magnanin is
annealed after winding there will be an appreciable drop
of resistance, so that a coil should be wound about 1 or
2 per cent. high an adjusted after annealing.  Anncaling
is mot necessary for constanian; though desirable for
very accurate work, the change in resistance is very small.

“ The columns for v.s.c. wire can also be used for finding
the length on a reel of enamel and single silk covered wire,
and the error will be small and on the safe side.

“The tables also give : (a) the number of turns of wire
that will occupy a length of 1 cm. of a single-layer coil, if
wound with turns touching, and (8) the number of turns
that can be wound in a square cm. of a multi-layer coil
such as a transformer coll. This has been calculated
with no allowance for * bedding’, .., on the assumption
that the wires will lic as shown in Fig. 210, not as in Fig. 211.

b+ 444
R s

Fiz. 210 Fg2it
Although Fig. 211 is possibly nearer the truth when a wire
winding machine is used, experience shows that when wire
is wound by hand in a lathe, without winding absolutely
even layers for the finer sizes (which is incredibly tedious),
but with reasonable care to keep the winding as level as
possible, the valucs given in the table do fairly represent
the number of turns that can be got inta the available
space. Additional spacc must of course be allowed for
the insulating bobbin, or for the tape i former-wound.

« This information is given for five diTerent wire coverings.
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Asingle layer of insulation, whether silk, cotton, or enamel,
is not recommended for hand winding ; enamcl alone is
very satisfactory when used on a winding machine, but
when wound by hand there is 1isk of scratching the enamel
or pincling the wire and causing a short-circuited turn.
inamel and single silk (1. & s.5.) or enamel and single
cotton (s. & s.c.) are very satislactory ; E. & . can be
specially 1ecommended fon small Lansiormers, it takes up
no more space than double silk (sometimes lrss), and it
is cheaper. For thicker wires, ¥, & s.c. takes up much
less space than double cotton, and is no more expensive.
Both these coverings are excellent from the point of view
of insulation, the cotton or silk makes a soft bed for the
turns of wire so that the cnamel is not easily injured, while
the enamel gives high insulation resistance even if a
diy” coil without varnish is used in o damp place.
Copper and constantau wires can be bought enamelled.
bul enamel covering is not obtainable with manganin wires.

“ Of resistance wircs, constantan (copper 60 per eent.,
nickel 40 per cent.) is sold under various trade names,
such as * Euteka " .

“ Where the errors due to thermal e.m.f’s cannot be
neglected, it Is necessary (o use manganin {copper 84 per
cent., mangancse 12 per cent., nickel 4 per cent.), but
some Jittle expericnce is needed to work this material, so
that, apart from the expense, one does ot use it if it can
be avorded. Manganin cannot be solt-soldercd, but must
be silver-soldered at a red heat with a blowpipe, a process
requiring some dexterity with a fine wire. 1t is also neces-
sary to have some lorm of anncaling oven, preferably
clectric, which must have thermostatic control ta keep
the temperature correet o within o degree or two, as it
is necessary after winding Lo coat the wire with shellac
varnish Lo protect it fiom oxidization, and then to anneal
for at least twenty-forr hows at a temperature not below
130° €. If the wmpetature docs not exceed 130° C., the
manganin does not anneal ; if it exceeds 140° C., the
silk Insulation will be charred. 1f the shellac coal does
not completely cover the wire, oxidization 1akes place and
the resulting coil will have a large temperature coefficient
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(when annealed properly without access of oxygen the
temperature coeflicient is very small, sometimes even zero
or negative).

“The cross-section in square millimetres is convenient lor
determining the current-capacity. Diysdale and Jolley
give the current-density employed in instrument work as
between 1 and 4 amperes per squarc mm. For small
mains transformers of 100 W. or so, higher current densitices
could be employed without dangerous overheating, but
the determining factor is usually the voliage drop allowable
on full Joad, and this results in demanding a current
density of from 1 to 2 amperes per squate mm. only.

“The even-numbered gauges are more frequently used
than the odd numbers, but all can vsually be obtained
from stock, and intermediate sizes are also made by some
wnakers, especially in copper wire .

wut 3
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APPENDIX
CONSTRUCTIONAL INFORMATION ON BRIDGES

HE circuit diagram is given in Fig. 79, and by stripping
Tn of details, as in Fig. 212, the basic principle can be
seen clearly,  “The component to be tested, connected

at X, is compared with any one of a number of standards, 8,
selected by a range switch. To

I. Mains-driven  avoid (he need for cominuously
Resistance and variable standards, the ratio arms
Capacitance arc made \arlablc, and arc com-
Brldge (Sec. 123) posed of an ordinary potentiometer,

which is calibrated 1o read ratios

directly. It is supplicd with a 50-cyele voltage, and balance
Xxo—t——— o 5o is shown by the cathode-
ray tuningindicator. The

reading of the potentio-
meter at halance, mulii-
plied by the value of the
standard in circuit, gives
the valuc of X directly ;
and s in the present
example the standardsare
all muliiples of 10 this

i howing how a ** magie
cya 15 employed in 3 bridge as
decector. Fw 7 et decaltssee

process demands no appreciable amount of mental arith-
metic. For nmtdncc, it the potentiometer reading when
balance is obtained is o 65 and the range switch is set to
100 ohms, the required result is, of course, 65 ohms.
When made up as described here, the bridge :
Mecasures resistance from about 102 to 10MQ.
Measures capacitance from about 10 upF to 10 p¥,
including electrolytics.
Gives rough checks over ranges 100-fold gieater than
above.,
384
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Measures power facior, up to 60 per cent., of “ bad »
condensers from o-1 uF upwards.
Compares components, including large inductances,
with any standard of similar sort.
Detects leakages, from about 100 M downwards,
Gives a continuausly variable 50-c/s signalup to o volls.
Is portable, self-contained (cxcept for mains connection),
direct reading, and requites no earth connection.

Turning now to the full circuit diagram, Fi;
of the other features can be seen. The spec
transformer supplies 4 vols for the healer of the TVyg
indicator, 150 volts through a small mctal reciifier and
simple smoothing circuits for the anode of the TV4, and
50 volts to the bridge itscll. The bridge voltage should be
graduated to suit the impedance heing measured, and this
is done automatically by the 1000-ohm g-watt resistor in
series with the transformer winding. For high impedances,
such as grid leaks and small condensers, which would be
difbcult to balance sharply without a high signal voltage,
praciically the full 50 volts is available; hut for low
impedauces which at 50 volts would pass teo much current
for themselves and for the transformer, the voltage falls to
a suitable value. The resistor has been chosen so that
cven if the test terminals are shotted no harm will follow.
And electrolytic condensers rated at low voltages will not
be damaged. The 1000-ohm potentiometer should be a
reliable onc with a smooth and uniform resistance element,
for it is the component with which measurements are
actually carried out. The input resistance of the TV4
indicator s kept high, otherwise it would not be possible
to get results with such high impedances as 10 uuF, which
at 50 cycles is no less than 300 megohms,

The accuracy of measurement is, of conrse, no better than
that of the standards used. And herc there is room for
wide differences according to individual requircments and
opportunities. If one is tied for cost, and has no chance of
getting standards checked, conden and resistors of the
ordinary receiver type can be bought within 5 per cent.
limits at little if any increase in price.  That is good enough
for rough checking. At somewhat higher prices, resistors
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are sold by Bulgin correct within o-5 per cent., which is
quite good enough for most purposes, and approaches the

x loseness of adj of the iometer.
Or, it another bridge is available, resistors can be wound
with Rureka wire to the right values, taking care that
approximately hall” the turns are wound in opposite
rotation to minimise inductance. Enthusiasm probably
falls short of witc-winding the megohm ; a sclected grid
leak type of resistor is more practicable.

Standard condensers arc more difficult.  Apart from the
question of measuring their capacitances, the sorts com-
monly uscd aie liable (o vary with temperature, age, ctc.
The smallest should preferably he one of the ceramic or
plated mica types ; the middle size a good quality mica ;
and, as mica is prohibitive for the largest a good quality
paper specimen i suggested. 1f facilities [or accurate
capacitance mcasurements can be begged, borrowed, or
hired, an attempt should he made to bring up the condensers
to their exact ratings by shunting small ones across them.
Sa, if those selecied are not dead right (an unlikely stroke
of luck) it is convenient for them to be slightly low. Tfone
is prepared tospend a pound or two on accuracy, some firms,
such as I W. Sullivan, can supply accurate condensers

It is very desirable for the standards (o be as nearly as
possible exactly multiples of 10, for convenience in reading ;
but, of course. it is not inconsistent with high accuracy for
them to be somewhat different sa long as the evact values are
known.  For imstance, is a condenser is 1-04 pF, within
05 per cent., it can be assumed to be 1 o ¢l for direct read-
ing within an accwracy of) say, 5 per cenl.; while on
occasions when greater accuracy is wanted the actual value
can be worked out. The point is that the cost of a con-
denscr whose capacitance is guaranteed to a given accuracy
is much greater ilit is required to an exact round number
rather than to a nominal value.

No provision is made lor balancing the resistance of the
smaller condensers. Tt is generally enough to observe
whether the sumple undet test gives a reasonably sharp
balance ; it not, it is a bad onc. But in the largest sizes
most of 1hose now used are electrolytic, and at low fie-
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quencies a relatively large power factor is not necessarily
a ground for rejection. At the same time it should not be
too large. Some electiolytic condensers show a power
factor of less than 5 per cent. and are quite acceptable ;
others show 30 per cent. or more and are not to be recom-
mended. The adjustment to exact balance when the power
factor is appreciable is done by the 2,500-ohm rheostat,
which can he of the sane type as the 1,000-0lhm potentio-
meter. Calibration of this control will Le described later,
In usc, the compaenent to be measured is conneeted to the
“Cand R terminals, and the 1ange switch set to what is
believed to be the nearest valuc. Tn all probability the
screen of the TV is nearly covered with illumination. But
if the potentiometer is turned, a point should be reached at
which the light shrinks inlo a clearly defined cross.  If by
carefvl adjustment the edges of this pattern cannot be made
dead shaip, the power factor of the compoaent must he
different from that of the standard. On the largest
capacitance range this can be cleared up by alternate
adjustment of the power factor and potentiomeler knobs.
Il balance falls outside the readings 01 (o 10 on the
ratio scale a better result will he obtained on another range.
If. balance is obtained only at one extremc limit of the
potentiometer adjustment, the component must be open-
circnited or short-circuited, or at any 1ate substantially so
in relation to the range in use, A 10 pF condenser would
appear as a dead short il tested on the 100 puF range.
When measuring condensers on the 100 uul range, the
sanie shatpness of balance must not be expected as on the
higher capacitance ranges. Tt is not that balance is
blurred ; assuming that the power [actor of the sample is
not exceptionally bad, balance is quite good 5 but a larger
movemment of the ratio control is required in order 1o show
an appreciable change in the indicaror pattern.  The best
way is to swing the knob to and fro belween positions cach
side of balance, until the exact balance point can be judged.
With the patticular bridge illusttated here, it is possible to
olserve a capacitance as low as 5 pul, and the readings
around 100 puF arc swprisingly accurate.
A uschul featurc is a sevenih position on the range
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switch, whereby an external standard can be connected to
the * Match” terminals. For example, it might be
necessary 10 adjust a number of components to the same
value, or their departures [rom a cerlain standard. This
is available for inductances of not less than about 1 henry.
Push-pull transformers can be tested for balance of windings.
And other uses will readily occur.

For calibrating the potentiometer it is an cnormous help
if one can use a laboratory resistance box, and at least one
acenrate  known i These are 1
“( and R ” and “ Match , and their ratios sct to various
valnes. If the fixed resistance connected to “ Match ” is
100 ohms, the other is set to 100, giving the ratio “ 1> to
mark on the scale. Increasing to 110 ohms gives 1-1, and
soon. There should be two scales, because the capacitance
or ©* G ** scale increases in the opposite rotation to the “ R ™
scale. The * 1> marks coincide, of course, and each
sctting on one scale is (he reciprocal of the corresponding
point on the other.  The result is shown in Fig. 79.

If no resistance box is available, a quantity of Eurcka
wire can be used for calibrating in ratios, on the assumption
that its resistance is proportional to length.  But of course
it becomes rather tedious, cutting lengths of wire, if a large
number of scale points are to be found.

To calibrate the power factor adjustment, the 1 pF is
temporarily shorted, and the 2500 ohm rheostat balanced
against a fixed or variable standard in the “ Cand R ** arm.
A table is given showing the relationship between power
factor and resistance in series with 1 #F at 50 ¢fs.

POWER FACTOR CALIBRATION TABLE
Powes factor ; per cent. Resistzncﬁe : ohms
5 o

s 1
0 320
15 485
20 650
25 820
30 1000
35 1190
10 1400
15 1610
s0 1830
55 2080
to 2370
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The leakage test is an optional exira, requiring only a
neon lamp. The most suitable type is that supplied by
Philips for indicator purposes. The lowest available
voltage lamp should be chosen, but it may be noted that a
230-velt lamp lights up on the 175 volts available.  Thaugh
it can be used for detecting DG Teakage anywhere, its main
usc is for condensers.  When any condenser is connccted
the lamp flashes momentarily, due to charging and in a dim
light this should be perceptible with capacitances down to
about 0-005 uF. If the condenser is a good one it may be
necessary (o wait quite a long time for the next flash.  But
a poor condenser flashes like a police road beacon, while a
downright bad onc shows a continuous light. This judg-
ment 1ust not be applied too literally ta electrolytic
condensers (which, incidentally, must always be connccted
the right way round), because they always leak to some
extent, but whether
that extent is reason-
able can be gauged
by watching the
lamp. A light that
remains bright con-
tinuously after the
condenser has been
connected  for  a
minute or two shows
excessive  lcakage.
Frequency of flash-
ing depends mot on
megohms, but  on
megohmeniicrofarads, a
quantity that is a
truer measure of the
condenser’s quality.
A microfarad con-
denscrwitha leakage
of 50 mecgohms is
proportionately

POWER FACTOR  « TVAITATHIE RAY 4
BALANCE  NEON LEAKACE PALAMC
q s INUIATERS,

Fig 213. Mains-driven € & R bridge
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similar to a 0-25 microfarad condenser with a leakage of 200
megohms.

The varizhle so-cycle signal, mentioned in the list of
advantages, can, of course, be derived from the “LEAKAGE
—" terminal and one of either of the nther pairs.  And, of
course, a 50-volt signal with a centie tap (or any other
ratio) is available by using three terminals.

With regard (o construction, there is scope for indi-
viduality. The photographs (Figs. 213 and 214) give some
idea of how it can be done. It was wanted to get it into a

SMCDTHING
CONDENSERS

Imf
[ staNDARD CONDENSER

Fie. 214 Bridge wich case remaved

handy cx-Navy wavemeter box, hence the crowded
appearance, 1t would he much easicr to make if done on
aless compact scale, The disposition of the components is of
some impoitance ; the leads conmecting the parts of the
bridge proper should be short, and the 1M and 100 ppl’
standards pat ticularly should be joincd close to the switch
and bave minimum capacitance to other parts. The 5o-volt
90
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leads from the translormer need notbe particulatyshort. But
all AGleadsmust be kept as far as possible from the grid of the
"I'V4, the connections to which should be well insulated. The
cathode of the TV4 is conuected to heatet, — H'T, transformer
sercen, and metal lining of bos, ifany. The last precaution
docs not seem to be essential, nor does an earth connection,
but if there is difficnlty in getting balance with very high
impedances one can be tried. * LEAKAGF —" is available
for the purpose.

Crocodile clips are quicker to use and generally more
convenient than sciew terminals but, of course, one can
please oneself aboul this. Mau ivorine sheet s very
convenient for covering the panel, as it looks good and takes
pencil calibration which can afterwards be made permanent
with Indian ink. Bul remember it is very inflammable !

To enable the ‘I'V4 and the ncon lamp to be used in
Inight light they are shown with tubular shiclds projecting
some way above the panel.  But it is necessary to make
quite sure that the neon Lube is not kept so much in the
dark that it cannot start to glow on the voltage supplied to
it. The flash vollage is sometimes raised considetably
by darkness.

If the box has a lid, a detailed circuil diagram should be
gimmed inside it—a sound practice with all lab. gear.

For reference a list of suitable components follows, but,
as already said, therc are alternatives so far as at least the
standards are concerned,  With approximate {within 5%)
standards, the retail cost of components, including in-
dicators, is about £4 58.; includimg the more accurate
standards listed here, the cost is ncarly 30/- more. The
required acouracy must be specified when ordering.

There is also scope for higher precision of measurement
it a larger poteniometer is used. A special type was
produced to the auther’s requircments by the Reliance
Manufacturing Co. (Southwark) Litd., Sutherland Road,
London, K.17, having a 2} in. diameter and wound with
nickel wire to cnable 4 finer gauge o be used and hence a
more nearly continuous variation.

Transformer Speeas . Pacinuge, Dean Stan-
Jey §1,, London. S W ¢
Rectifier Jao Westinghouse
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Ratio arms M 1 Clarostat Claude Lyons
Powar [actor eontrol Mzt . " -
Range swiich Type 5 (or a Yavley Ferrant

switc!
1-mfd. standard w DU Gelected)  Dubitier
oot 770 (special) £2 pc)
Too mmd.., LTS <
100 olim s, Rao (Eospe)  Bulgn
o1 megohm ,, K26 (£o035pc)

H = @ +57 ¢ selectod Clatide Taons
1000 ohm 3-watE cesitor @ @
0000 L L, . RIS
smegolm i, | » @

01 mid. condenser Type 160115 Dubilier
Two " o BB o
S Crocodile chips. CR.6 Lulgin

Fanel surfacing ein matt jvorine Rejuance  (Nameplates)
Lid , “Fsickenhiam

Two  ymall knobs Ks#or Koz Rulgin
Targe knot Ko »
fursor. Koz o

Cathode ray indicator . Mullind
5 holder V11 24 Rulgin
Neon indiator 17 % s2mm. SES. Fhips
W holder it Rulgin

With a very few additional components the preceding

G and R bridge can be modified to deal with inductances
also, from about 1 to 1000 henries, pro-
2. Modification  vided that the power factor is not too
for Iron-core large.  Air-core coils are practically
Inductance ruled out by this proviso. Measure-
Measurement  ment can be ade with polarising
current, up to 100 mA if not kept on

too long.  And the scale can be calibrated [rom the main
bridge  The modification may be either incorporated or
connected externally as an attachment.  Assuming the
latter, Fig. 215 is the circuit and method of connection.

The transformer is a Bulgin LF45, ratio 1 : 25 lor stepping
up to the TV for increasing the sharpness of indication.
A 0-02 pF condenser shunts the secondary in order (o
reduce the cffect of harmonics. The standard is the
0-25 uF condenser, which ought thercfore (o be of reason-
ably good quality. The end-to-end resistance of the
500-& potenliometer is not critical (nor is that of the fixed
5009) but it must not vary more than 1 Q@ as the slider is
moved ; and a Morganite type ** P carbon potentio-
meter has been found the hest solution.

The 25 uF condenser is to prevent curtent from the
polarising battery from passing through the transformer.
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“T'he 500 @ slider is first set to short-circuit the 0-25 uF.
and the main bridge is then balanced. The * unknown >
is then connected to the terminals L, in series with a hattery
and milliammeter if polarising current is required. (Note
that the polarity of the battery must be as marked in
Tig. 215). The 500 @ potentiometer is then adjusted for

“ueanaat (E)

N

Tocan)

T o7 mim e woucTaNcE WERSURING AGPFTER

Fig. 215, Circuit of auxiliary bridge for measuring iron-care coils

balance. To obtain it sharply, it may be nccessary to
adjust the main potentiometer, but if such adjustment
exceeds 2 or g per cent. it is a sign that the resistance of the
coil is higher than normal in iron-cove types, and the
reading cannot be rclicd upon.
q A .. falt
At balance the inductance L in henries is (F)ﬁ:f@
P a . q
where fis 50¢js, Cis in this case 0-25 uF, and -y is the ratio
of the resistance actoss L to that across C and can be
calibrated from the main bridge, which, of course, is itself
a q a)4
scaled in ratios. The formula simplifies to L = 40 \ 3
so the 500 @ potentiometer can be calibrated in henries
by connecling the slide to * red  terminal (grid of TV
on the main bridge and the ends 1o the ** black * terminals
{ends of main potentiometer).
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Ratio on mam bridge R scale  Cortesponding calibiation in hennes
T T

6
oz 2
032 +
o 50 ro
071 20
100 40
rs8 100
224 200
316 400

5o 1000

The components are all small, so can be mounted in a
hox a few inches cach way which can be provided with short
lcads for clipping to the main bridge (or, as alrcady
suggested, incorporated in it with a double-pole switch for
disconnecting the inductance scction when not in use).

Further dctails, and derivation of formula, were given in
The Witeless World, January 12th, 1939.

“The two preceding divisions of this Appendix hetween
them cover most values of resistance and capacitance, and

the “iron-corc” or A.F. range of
3. A Modified inductance. There only remain induc-
Owen Bridge  tances below 1 henry—the R.F.range.

The 50 c/s bridge fails here, chicfly
because the reactance ol a few pH at that frequency is so
minute as to be negligible in comparison with its resistance.
The inductometer bridge is good but expensive. In the
Maxwell there is a wide disparity between the reactance
to be measured and that of the standard—a calibrated
variable condenser, whereas for accuracy the arms of a
bridge should be of the same order of impedance.  So the
Owen, in which the standard is a fixed condenser, deserves
consideration.

An casily and incxpensively made bridge, modified from
the usual Owen, is duc to L. B. Turner. The circuit
(which should be compared with Fig. 75) is shown in Fig,
216. R, and Ry are varied simultaneously by what is in
effcet a range swilch, (o give values of 1, 10, 100 and
1,00 ohms.  If the “ X ™ terminals arc shorted, then for
balance the variable C, equals the fixed standard Gy, and
R, = 0. 7The effect of a pure inductance connected 1o X
1s Lo make it necessary 10 introduce a propoitionate value
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of Ry : and to balance R, the reactance of Cj, must be
increased and therefore its capacitance reduced. The
maxinum value required is cqual to Cy.

5 is a 0:01 pF condenser of low power [actor, but its
opposite number, Cy, need not be particularly good, and
consists of any variable of at least 0-001 uF, supplemented
by switched sieps of the same value totalling o-o1 pF.  As
they may be cheap * receiver > condensers they are not a
formidable item ; and if a 2-pole 11-way Yaxley switch is
used only five condensers are needed—1, 2, 3, 4 and 6
times 0 001 uF. R, is also not nccessarily very © pure ”,
and may consist of a 1,000-Q rheostat supplemented by 10
fixed steps of 1,000 £. No elaborate

Fig.2l6 . . . . .
Chrevic o non-inductive winding is nceded. R,
Emrem and R,, however, ought to be

o

+ reasonably non-inductive, as
described in Sec. g6.

As in the Owen bridge

. = R,R,C,, the maxi-
mum values in the four
ranges are 0-1, 1, 10, and
1oomH ; sothe totalrange
covered s from a few pH
to o1H. The arrange-
ment is not well adapted
formeasuring R ; however,

It should Le noted that
if C,, although known
accurately, is not exactly o-o1 pl,
thedifference may be allowed for by
adjusting the values of R, and R, so that RyCl, is exactly
001, 01, 1, and 10; and the bridge will be direct
reading in terms of these factors and R . .

‘A special feature is the use of separate batterics for bridge
and buzzer, enabling a current of the order of 1 amp. to be.
passed through L on the lowest range. The impedance of
the bridge being low, that of the phones should be likewise.

The author has made a successful bridge on similar lines
but wsing a valve oscillator of about 2000 cis, with range
arms 5, 50, and 500 £, and R consisting of 2 good 500 &
“ potentiometer ” and 10 steps of 500 © each. It gives
the uscful ranges of 0-25, 2-5, and 25 mH, and a coil of
1 pH is definitely measurable.
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CONDENSERS ¢ COMPONENTS

For Modern /tadic 7e'c/1m'7ue

(O SILYERED CERAMIC
FIXED CONDENSERS

SILVERED MICA CONDENSERS
TROPICAL CONDENSERS

CERAMIC TRIMMER CONDENSERS
CERAMIC COIL FORMERS

GERAMIC PEARL TYPE GONDENSERS
METALLISED CERAMIC BUSHINGS
POT CONDENSERS

IONONONONORONC)

Technical Brochures on request

UNITED INSULATOR C° L™

eers of low Loss Ceramies
12 -16 LAYSTALL STREET
LOND ON.E.E.IG

roms: tau

el Teminus 41189 e suHowdH
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aberange Mo &l 40-range riodel
Universat AvoMetor Universal AvoMeter

In spito of greatly increased produ((lon, most of our oucput
of “AVO™ lastrument: taken by the Services.
Detay in delivery of Trads Orders is consequently inavieable,
buz we shall continue to do our_best to fulfil your requirements
=2 prompdy as possible.

At-Wave " Ava " Osciflator

iv.

ﬁ

‘AVO’
PRECISION

Regd. Trade-Mark

TESTING INSTRUMENTS

Hrinsh Made
«Avo” Instruments, by their sunpli-
city, extreme versatility and high
accuracy, make possible that econ-
omy of time which is the essential
feature of profitable servicing and
maintenance.

Extensively used by radio manu-
facturers,  service engincers  and
throughout industry, they set a
recognised standard of accuracy and
fine woikmanship by which other
instruments are judged.

The “Ava " Bonding Meter

Write for literature fully de-
sceiptive of the complete range
of “AVO "’ Elecrrical Testng
Instrumencs and for currenc
Mithohmmeter  prices

Sols iroprictors and Samiucturers

THE AUTOMATIC COIl. WINDER &
ELECTRICAL EQUIPMENT CO. LTD.
Winder House, Douglas Strees, London, §,W.1. Telephone . ViCtaria HO47 )




MUIRHEAD & CO.

ELMERS END, BECKENHAM, KENT.

When considering additions to your

laboratory — consult

FOR

RESISTANCE NETWORKS
PRECISION CONDENSERS
BRIDGES & ACCESSORIES
OSCILLATORS & WAVEMETERS
TIMING DEVICES AND
FREQUENCY STANDARDS

c o m P 0 N B N T S

SLOW MOTION DRIVES, SWITCHES OF ALL TYPES,
TRANSFORMFRS, SCREENED LEADS, ETC., ETC.

_
—_—

LIMITED

Tel.: BECKENHAM 0041

———
vl

T

STANDARD MODEL
& watts input,

Cadmium plated and sprayed
battleship grey

ADDRESS
YOUR STAFF
THROUGH A

CELESTION

LOUDSPEAKER

with a volume sufficient
to overcome local noise

The same speaker will
carry music to your
staft — true music, not just
a volume of sound

The Celestion method of
suspension enables the
sound t{o be directed
wherevgr you want it

Celestion Limited, King

Acoustical Engincers

Th.
P! Surrey
Telephone : KINgston 5656.7-8

x




The Reliability of
Vortexion Amplifiers

is s0 well known that detailed explanations
as to their salid construction, quality of
performance and overall efficiency is
unnecessary.

Many thousands are in use throughout the
world, and as an example we illustrate one
of our popular models

VORT XION

S50W AMPLIFIEI\ CHASSIS

BRIEP SPRCIIEATION e of mavcled (165 wion )0 pev

i b e anohe nd ereeh Tave Dot Than 4 par comt
eyt o WL wetis provica s

a drieer

u gt 1o-30
. ot s
atchert i 21 e £ s ot Aot b
oo c to sl T Sk i cxiremely low
T

CHASSIS w:th valves and plugs £17 10 0
Other madels mciude :
LT D.C. with valves, etc. £[2120
“with vaives, e L1
These prices are subject 1o 5, % war incresse
Let us know your reduivements and we shall be
to send you quotation.

VORTEXION LIMITED

257 THE BROADWAY, WIMBLEDON, S5.WI?
Telephone : LiBerty 2814

SPECIALISATION
Guctantees
DEPENDABILITY

viii




IT ALL SUMS UP TO .
ONE WORD Electrical Standards for

Research and Industry

°
Q M a lﬂ Iy ! Testing and Measuring Apparatus

’ for Communication Engineering
Nothing has been skimped in the manufacture

of Eric high-grade resistance products. Only the

finest raw materials that are so essential for
efficient operation are used. Even in the face of o / WAVEMETERS
rising production costs cheap substitutes that ] ALL TYPES
are **almost as good ™" do not find their way OSCILLATORS
into Erie products. J

] CONDENSERS
That is why their performance has been P i
steadily improved through the years. That is | FREQUENCIES | INDUCTANCES

why today they give unparalieled all-round
balanced performance. That is why you will

RESISTANCES

find them used by those manufacturers who ALL
recognise the advantages of using only quality ACCURACIES
component parts. . BRIDGES Capacitance
Inductance
CARBON RESISTORS WIREWOUND RESISTORS (e
TONE CONTROLS VOLUME CONTROLS i
SUPPRESSCORS

° H. W. SULLIVAN

ERIK EIIMEE%ISTOI{ MINED

Carlisle Rd., The Hyde, Hendon, N.W.9 (MERTER, G0

Telephone : Colindale 8011 Telephone MNcw Cross 3225 (Private Branch Exchange)
= “
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Serving the
National Interest

for High Frequency
TRANSM'SSW" & RECEP"ON

—@® METALS-

M U META L TELCON METALS are pro-

dehm permeabilicy ac low  duced under close technical
inductians.

RHOMETAL

High permeability and low loss
ac efevated frequencies.

RADIOMETAL Brochure giving  complete

Magh permesbiity at mgh  technical data will be supplied
inductions and high |ncrem=nul
permeatitiy, on request.

THE TELEGRAPH CONSTRUCTION
& MAINTENANCE CO. LTD. s

MADE IN ENGLAND

control and are sold to specifi-
cation of magnetic properties.

Head Office: 22 Old Broad Street, London, £.C.2.  Tel.: LONdan Wall 3141

Temporary Address : BLACKSTONE, REDHILL, SURREY, Redhifl 1056

Advts of The General Eiectric Co. Lt
xii xi

agrer House, Kingsuay, London, W.C.2




RESLO

PRESSURE TYPE
POWER LOUDSPEAKERS

RIBBON — DYNAMIC — CARBON
MICROPHONES

RESLO (SOUND EQUIPMENT) LTD.

THE POTTERIES COMPTON
GUILDFORD, SURR |

Britigh zlnshmtm’x"}f Radio Eng (Engme

{Founded in 1833 aa The institution of Radio Engresrs)

Incarporated with

The Institute of Wireless Technology

Founded 1925, Incorperated 1932,

“Both the Institute of Wireless Technology and the British
Institution of Radio Engineers fulfil the same functions as the
oncient guilds. They have both attracted a nucteus of properly
qualified Radio Techmcvans 00gopDao
S. URREN, M.C., F.C.S. (Joint President).
Membership ofz professlonal body should be the aim of
every Radio Engineer. The Institution’s examinations are
held in May and November of each year in London and
Principal Centres throughout the world.
Further tlormation may be obtained on apphication 1o t—
G. D. CLIFFORD, F.C.C.S., General Secretary.
Duke Street House, Duke Street, Grosvenor Square, London, W.t
Telephone : Mayfair 5645
xiv

Standard
Components
to a standard]!

Belling-Lee components are to be found
on specialised equipment throughout the
Services.

It is only natural that 95% of the output of
the factory is devoted to the one purpose
of defeating the enemy. Nevercheless when
orders come in from the laboratories,
obviously for components for development
work, or for building into prototypes, they
are despatched just as soon as they are
available, ie. they are supplied “out of
turn ™" as we appreciate that development

Dipole Acrials

3

Toin fuschelders

must go on.

The lines illustrated are typical of our range.

Termnals Panel fuseholders Low loss valve top connectors.

Write on business letterheading for our general catalogue

xv



Y/ ELTON [WEETALLURGICAL [ ABORATOR/ES
TD

Liguin Stvem
for metallising CERAMIC,
MICA, QUARTZ or GLASS

Low Melting-point SOLDER from 70°C. or
to specification

Non-corrosive liquid FLUX for all electrical
or radio purposes.
PRE-WAR DELIVERIES
OVERSEAS  NQUIRIES INVITED
IPSWICH RD., TRADING ESTATE
I SLOUGH, BUCKS. Phone: SLOUGH 20992 |—

Reg U.S. Pat. OFf.

CELESTION-AMPHEROL VALVEROLDERS

FOR smsuam' EFFICIENCY | UNIFORM CONTACT! and INSULATION !

exclusive C
m;v.hud nsures maximar, Steengéh, gty and s g degees ol
The places are of sturdy cadmium plated steel and are keyed (nto the
body. They cannot racdle losse.

CelestlonsAmphenal Cantacts

the special properties of the

moulding powder.

Al Standard Briuish and Amerscan
Erpes are available.

CELESTION LTD.
Engineers

KinasTORE uron IHAMES, SURREY
Telephone: KiNgston $836.7-

BRITISH MADE

COSSOR
RADIO LABORATORY EQUIPMENT

The Ideal Indicator

MODEL 339
DOUBLE BEAM OSCILLOGRAPH

Produced by the pioncers of
Cathode Ray Oscillography, it is
the most comprehensive instru
ment of its type. In addition to
a truly remarkable performance
1t possesses the unique advantage
of enabling the simultancous
examination of two related effects,
such as voltageand current. It 13
the basic Laboratory instrument,
for use with which the following
instruments are intended.

Signal Sources for Visual Testing

DEL 343
AUGNMENT OSCILLATOR
The original Frequency Modus
tated H.F. Signal Generator
for examining Band-Pass re-

sponse curves.

MODEL 391
SQUARE WAVE GENERATOR
The first instrument of its type
designed for the transient
testing of  Amplifiers and

Networks.

Component Measurements
MODEL 389
A.C. IMPEDANCE BRIDGE
Introduced a5 a new technique in the
testing of Resistance. Condenser and Induc-
tance, which provides many advantages.

A. C. COSSOR LTD.
Cossor House, Highbury Grove, London, N.5
Telephone : Canonbury 1234 {30 lines}.  Grams : Amplifiers, Phone, London

xvii



PARTRIDGE
TRANSFORMERS

FOR LABORATORY USE & EXPERIMENTAL WORK
Specially wound to customers” requirements

Prompt Delivery - - Economical Prices
AS SUPPLIED TO
National ~ Physical Laboratory,  British

Electrical and Allied Industries’ Research
Association, Medical Research Council,
Radium_Beam Therapy Research, Baird
Television, Ltd., etc., etc,
nd

THE AUTHOR OF

*The Radio Laboratery Handbook ™

L

N. PARTRIDGE, ssc. amice.
’s_Buildings, Dean Stanley Street, London, S.W.I

BULGIN

(Registered ‘T'rade-Mark)

RADIO PRODUCTS
The Choice of Critics

For over 19 years the name BULGIN
has been synanymous with all that
is best in the Radio and Electrical
Component  world,  whether  for
the ‘government, set manufacturer.
technician or enthusiast. Over 2,000
manufactures of outstanding merit.
omprehensive and  fully-illustrated
Catalogue No. IRLH, with technicat data.
Price 6d. " Post free.

A.F. BULGIN & COMPANY, LTD.
BY-PASS ROAD, BARKING, ESSEX
RIPPLEWAY 3474 (:

e o

25 and

Piczo Quartz €

s bekween fhe hmnifs o]

Cantractors to the B B,C., Admyrafty, RA.

rysta
for Frequency Sub-standards
TYPE B 100

-

eracure co-effietenc § parts
Centigrade change.
PRICE, including mounc L1

A langitudinal mode 100 kes. crystal, ground to with-
in35 eycles of the normal frequsncy and supplled
TYPE AT/1,000
or frequency standards operating at

AT/1,000 15 recommended  The grinding and cal bra-

il be pacased fo an accuracy Ts 0.01% and che tem) e
Jor ali tvpes vl cocficient is approximately 5 tyclesac the funda.
wretal  mental frequency per degres Centigrade change.

Supphed movated o' fxed a1 gip ant, 1§
diameter, standard J in. pin spacing. o

price £3 :
THE QUARTZ CRYSTAL CO. LTD.
63 & 71 Kingston Rd., New Malden, Surrey

Tefephone : Malden 0334
. Crown Agents for the Cofanies, et etc.

in 10% per degree
121 6

3,000 kiforycies.

xvill

CELESTION—

Ghe Very Soul of Music
LOUDSPEAKERS

5to 18 inches either standard
or specially made to meet
your requirements
You know you can’t buy a bottor speaker

CELESTION LIMITED
Acouical Enginesrs
KINGSTON - UPON.-THAMES, SURREY
Tetepione - KiNgsion 5636 7.8
xix



"ADVANCE" cc\irAvor

Far more than an ordinary

Jeveloped for the_ special
needs of RadloMan\lracturtrs
and Serviee Engineers. |
RANGE : 100 Kejs w0 goNets.

F. OUTPUT: 1 u¥ 1o 300 mY
aftenuated. 1V for
A F. OUTPUT : voluatwwcycls, |
aticauator cantrolted. ¢

UMMY AERIAL : Special type

shiclded eable Covers Il Imqucnus.
Suelded load for A.F. aud T E. w
MODULATION : 20% 'or 0% st

Send for full details.
500 eycles ADVANCE COMPONENTS LTD.

CALIBRATION CHARTS syppliad  Back Road, Shernial Scrser, Walthamatons

tor each of the five ranges. London, E.17. Tel : Larkswood 4366 « 4367

INDEX TO ADVERTISERS PAGE
Advance Components Lt xx
Automatic Coil Winder & Blectrical Equipment Co. Led. iv & v
Belling & Lee Ltd. . Lo xv
British Institute of Engineering Tochnology . . - i
British Institution of Radio Engmm J xiv
Bulgin, A. ¥, & Co., Ltd. . A i
Celestion Ltd. . .o i wi&w
Cossor, A.C, Ltd. . . . . . . . vii
Ene Resistor Ltd. J x
Fursehilt Laboratories Ltd. o o o o @ i
General Blectric Co. Ltd. . . . . . - ii
Melton Metallurgical Laboratories Ltd. .
Muirhead & Co. Ltd. . . . - - .
Partridge, N . Lo
Quarts Crystal Co. Led. ¢The) . . . .
Reslo (Sound Eq\lxpmem) Lad .. .. .
Sullvan, H. W., Ltd. . Lo

Telegraph (,nndenser Co.Lid. . .
Telegragh Construction & Mantenanee Co. Ltd
United Insulator Co. Led. . . . . . .
Vortexion Ltd. .

XX

REEI

Bl THIS IMPORTANT GUIDE
) TO SUCCESSFUL
RADIO CAREERS

peacecime con

* ENGINEERING OPPORTUNITIES ** contalns 208

alking  Plcture Engineering,
Telavision, Radia® Servicing, Mathermatics,
Acoustics, Electrotechnics, etc., etc.

TELEVISION

fadic Engineers who are chinking shexd ars
close _consideration to

thoroughly, both from the tach:
praciical aspecs, 165 (uly desenibed in aur handbook,
“ ENGINEERING OPPORTUNITIES ™ slso explains she
mose effesenc way of prepa aces far such
resopnisad Examinations 5 AM.LEE., AMLW.T,
AM.LBricR. and Guilds, ecc.

WE DEFINITELY GUARANTEE
“NO PASS — NO FEE” N

The Wareless Industry is pregnant with possibilities, In your own interests you
should write for = ENGINEERING  PPORTUNITIES © co-day, There is no cost
or oblizacion of any kind and the book It bound t indicate many Opportumzies
which otherwise you might miss, A post card will bring the book by retus

BRITISH INSTITUTE OF ENCINEERING TECHNOLOCY
51 SRAKESPEARE HOUSE, 17-19 STRATFORD PLACE, LONDON. W.1
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