CONSTRUGTION
MANUAL

BY B.B.BABANI

How to make your own
RF and AF coils,chokes
and transformers

BERNARDS [publishers] LIMITED
No.160 alp







GOIL DESIGN AND
GONSTRUGTION MANUAL

By
B. B. BABANI

BERNARDS (Publishers) LTD.
THE GRAMPIANS
WESTERN GATE
LONDON W.6



First Pubjished Juty 1960
Reprinted January 1962
Repriated October 1963
Reprinted July 1965
Reprinted August |968
Reprinted August 1971
Reprinted August 1972
Revised August 1974

© 1960

Made and printed in Great Britain by
C. Nicholls & Company Ltd.



er
Chapter 10

CONTERTS

Radio u—oqm:y :all lym mm cmnmmnu PR ¥
Tne deaign and . colls T

edg"&ﬂmdcmmdluncﬂl ¥ okes L. 1
"The designand construction of power tranfocmera 31

The d-ngn and constraction of low frequancy shokes 41

Chokes carrying diract current .
Inter-vaive (ranstor mers carrylrg
Output ranatormer tor gl vaives

Pushpul ot 46 lowlapasier hn-hrmﬂ
Input Fanatocare (parallel fedy
Push-pull inter -valve transtor mers
Goostructioa detatls - - .

Methods of testng -
Culculation of wire gauge

o
Mome Copper Wire Tahles -
r Wire Tables .
Cnmplltn WG Wire Tablea
Resistance Wire Data .. ... .







SECTION ¥
CHAPTER 1
Radio Frequency Codl Types and Chamcieristics

Whalever the fiou) functiop of the apparatus there is no radio
and almost no electronic device which does not rely 1o a great extent
on coils. In hroadeast receiver dﬁ)gn the radio frequency coi] with
its associated condenser forms the heart of the circuit aod the
whole cxcellence of Ihe fingl output drmts upon ils working
whilst such gear as audio amplifiers, cathode ray oscillogra; relay
operators, sound heads and photo-electric devices all dc’ﬁ* on coils
n the shape of transformess for power supply and couping, smoath-
ing chokes and audio or radio resonant cirevits,

Whether the coil is detigned for high frequency working and is
a simple helix supported in air or wbether it is for power transfor
mation at a fow audio frequency, rormslmf of thousends of tuias
of wire on an iron core, its basic operation is the same.

A)) coils exhibit the same qualtties, the most |mpon.am being:—
(1) Toductence

The inductance of a coil (coils are often known s inductors) is
the messure of its elecirical inertia. To generale a curreat in a wire
and thus develop a vollage across he wire’s ends it is merely
necessacy 10 move the wire through a muancuc field so thet it cots
ihe lines of force, when the curremt will depend on the ratc of
cutting and the number of lines cul, this being the well-known prin-
ziple of the generalor. Moreover, moving the wire one wey through
the field and then reversing its direction of travel will cause the cur
rent m reverse its ‘direction of Aow—it will commence st 2¢ro and
grow [0 a meximum, fall back 10 zero as the movement alows and
stops and a0 the retun of the wire through the ficld will grow to s
maxilouro agein but in the opposite direction of flow.

his current, of course, i& A.C. or Alternating Curreni, whilst
current whleh always mumum ate direction of fBow is DC. or
Direct Corrent.

Current may 2lso be generatsd in the wire, bowever, by
arranging it in & fixed position and allowing the magneti¢ field to vary
around it, the lines of force growing and collepsing and so cutting
the wire 8s before. Obviouly any current so obtained must be AC.
and the frequency will depend on the rate at which the magnetic
field grows anl collapses, or in the same vy, on the rate at which
the wire in the carlier examples revarses it dirccxlon of travel. One
complete alternalion from zera o maximum in one direction, back
to 2270 aRd oo to maximpm D the other direction and finally back
t0 2e10 is known as one "CYCLE" {the number of cycles per sécond
being known as the frequency) and corresponds with one complete
revolution of the rotor of 4 simple alternatin) 53 &enmmr Thus we
can say that such cya\o tokes placs over 3 i
desired to m:Su:! only a part of & :Xcle we can measure any part of 3
whole cycle along Lh: 2¢r0 line and give it an angular measurement
of, say, 90 degrecs or ane quartet of the cych: whilst if we dmred to
compare two alternative voltages of the
grew 10 its maximum ome quarte; of a cyc)z ﬂm the aLMv we would
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—— AMPLITUDE.

Fig.l.  llustrating Phone  Shift.

say that there was & “PHASE DIPFBRBNC.E" of 90 degrees between
them or that they were “90 degrees o hase.”

In Fig. | the continuous line shows one cycle of voltage, the
time of the cycle being measured alopg the zero line in degreu
while the brokan line shows a similar cycle of the same f’b?:ﬁ-ﬂe

out of phase. Moreover the creat or maximum point of the
broken Ime is after that of the continuous line cycle 30 that it
“§ LAGS" behind the conlmuau! Ilne by 90 degrees or the continuous
line cycle is "LRADING' S0

It may be said hﬂt t wual frequency of the A.C. mains

in this country is 50 cycles per second (c.p.x) while audio waves
oxumd from munhly 20 to 20.000 cp.s. and mho wus are arbitrarily
divided Into bands berween rougl < 300,000,000 c.p.s-
1,000 cycles are known as & CLE (kc) md 3,000,000 are &
M’BGACYd.E {Mc).

coil or inductance, then, may be fed with any of

frcqucncneﬁ depending on the task it is to perform, but to undmund
what bappens suppose a simple coil, & mlenmd of a few turns of
wire on & simple former, is connected to & battary through o switch.
‘When current flows through a coil it causes 8 magnetic field to form,
the exis of the fisld being down the centre of the coll, 3o that if the
switch of the above circuit s closed current will flow through the
coll and the magnetic field will suddenly grow, As it grows, howaver,
the lines of force, exleudml outwards, cut the wires of the coil which
is the necessary condition for generating a current in those wires
The growing field o( a col) always generates this curreot in opposition
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0 the current from the supply and so it is plain that the full bancry
vol(agc will not at first appear across the coil for it wil duced
by the voltage due to the current generated in Lh: coil itsell,
Obviously this will affcet the battery current, making it 2 smaller
fiow than it would olberwise be, and not vll the whole system is
in equilibrium will the current rise to its maximum value. When
the circuit is broken the magnetic field collapses and once more
the lines of force cut the wires inducing a voltage which this time
endeavours 1o assist the falling voltage and thus endeavouss also to
bolster up the falling current. these effects, of course, occurring in
the fraction of a second. These voliages, generated 1o Oppose any
:hang\. of condition of the coil, .Im sometimes known as “BACK
EM.Fs™ and may be quite high, depending on the inductance of
the <oil, In an clectric bell, for instance, it is the szlf-induced veltage
which gwes 1be spark at the contacts and experiment will show that
the Back E.M.F. is sufficient 1o give a smart shock.

This, then. is the effect of tbe coil's inductance, and obviously
it will be of great importagce when the coil s fed with A.C. The
current is always rising and falling in value so that lhcrc will always
be a voltage induced by the coil's own field and affecting the currcnl
fow in the coil. In a pure inductance the current would lag
the voltage by 90 degrees. thus in Fig. | the continuous line curvc
could now represent tae A.C. voltage across a coil with the broken
cutve representing the Jaggiog current, so that at full voltage the
current is only just beginniag to flove.

upit of inertia. or inductance, is the HENRY and as it is
pmpornonal 1o the rate of chang: of the current a coil is said to have
an inductance of | henry when the current, changing at the rate of
1 ampere per second, causes a pressure of | volt to be induced across
tha coil.

henry is too large a wnit for use with radio frequency
coils and they are measured in millihenrys (mh.) or in microbencys
(uh.). The symbol for inductance is

(2) Rexctaces

A coil bas its own ordinary resistance to a steady curreat,
measured as usual in ohms, but as it opposes the sudden changing of
currents and voltages it obvmus)y has a secondary effect
Alternating currents will have 10 overcome not only the ordmnry

resistance but also this “Reactance” aod the opposition o AC.
of the coil is given by the formulai—
XL = 2fL

where XL is the reactanco of the coil in ohms, f is the frequency of
the AC. applicd. L is the inductapce of the coil in hearys snd
« equals 3.14,

R.F. coils are usually coupled with condensers, and the capacity
has an effect on A.C. exactly opposite (0 that of the inductance.
ft causes the current to lead |Ke voltage. and 50 the effect of placing
inductance and coodenser together in u dreuit is Jargely to cancel
out their reactances. For a condenser:—

?
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00

2:C

where Xc is the reactance in ohms and C is the capacily in farads.
1t must be noted that the result js expressed as a negalive quantity.
Resclances may be added together.
(3) Impedance

Impedance is denoted by the term Z and when Ohm's Law is
applied to A.C. Z 1akes the place of R. the 1erm for D.C. resistance.
When a circull contains resistance and reactance although
terms are in ohms they cunnot simply be added. The formula:—

4= VR® + X2 ohmos
must be applicd. and where = cireuil containg a resistance R ohms.

an inductance L heorys and & capacity of C farads i series, the
impedance will be:—

/ 1
2= JR2+ ML — ——)
24C

An inductance and capacity wgether have
8
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(4) Resonance
that is they respond [0 a resonant Emgnncﬁ wnh lhelr lowest
impedance if they are in the series o1
it the induciance and capacity are in pamlkl Thus mduuauee and
capacity in paralicl and tuned to their resonant frequency develop
their highest voltages in pbase o ition at um frequency and are
Ibe most usual form of tunmg circuit as shown

formula for the resonant frequency l‘or cither series or
parallel circuits

1
f=——"x10
2> VILC

and it must be noted that here the values have been reduced to
working practical values: f fs jo kilocycles. L is in microhenrys, and
Cis in arads or micro-microfarads.

goofnrads= 0005 microfarads, a common wze for tuning

lesistance. RD.

As a coil and mpacnor in paralic] present a high lmpedance 10
*heir resonant frequency. as is generally desirable so that they may
develop a good voltage, :he ratio L/C is )mpm‘um and Lhe im|
of such a circoit nt resonance may be given as L/CR. this often
being known as the Dynamic Rwsmnee 1t is plain. therefore, that
R. the coil's H.F. resistance, has a large bearng on tbe dynamic
resistance RD and affects the efficiency of the whole circuit, This
c'ﬂuenﬁy is known as the

nr the circuil and may be shown as
2L
R

where f |s in cp L n In henrys and R is in ohms. For example, 3
<oil of 100 mi inductance with a resistance at 800 kitocycley
of B chms would havc a “Q" of

!
2% 3.14 X 800,000 X 100 ¥ ———
1.000.000

Q =628

1t must be realised that the coll resistance R grows higher with
a rise in frequency due 10 losses and the skin eﬂecv.s of the wire. and
cannot be faken as the resjstance to D.C. a coil can never
displace current and voltage by the full phuc shift of 90 defw
because & pure inductance is impossible—the turns of wire have
resistunce snd a seff-capacity one 1o the other. while a condenser,
on the other hand, sometimes displays quite a large inductive effect.

As "Q" is a measure of efficiency It is alto ksown as the

9
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magnification factor of the coil. Clearly if the coil and condenser
sysiem has 4 resopant (requency a charge induced in such a system
will not dic away rapidly. The condsnser will become hirged.
discharge through the coil and so reverse its th
endeavouring to maiptain the current flow, will dudmrge again and
s0 praduce a train of waves each of slightly less amplitude until 1hey
finally disappear. The circuit is hesvily damped and has a low
“Q" if \hese_oscillations die away rapidly and vice vcrsn
The desisable [w.lurcs uf a coll mey now be summed uj
It should be as “pure" an inductence as p0$§lb|c—()lu( is, ite
self-capacity due 1o bumped tums of wire, heavy former and the
design generally must be small, the resistance 10 high frequencies
must be kept low. it must be rigid and of sirong coastruction. for
cbviously any misplaced or distarbed turns of wire will chaoge the
inductance, it must not be susceptible o humidity changes in the
atmosphere—dampnuss might cause leukages from (urn 0 turn—
and as the coil has a varylng roagnetic ficld it must not be brought
0o close to any mass of metal for eddy currents would be induced
y the fleld and (he cfficiency of he coit reduced. For that reasor
sereening cans must be of & correcl size which, as shown later, may
be calculated
(1) Mutasl Inductance
¢ coil has a varying magnetic field in and around it and (bis
will induce a voltage across any other coil in the vicinily if the Jines
of force are able 1o cut the wires of the second coil, the wave-form of
the induced voltage being a pdllcm of that on the original coil
This linking of two coils by the miagnetic fields around them i
known as mutual induclance, md its symbol is M.
utval inductance may be eilhes desirable or not, depending
on the circuit. For example. in Fig. 2 the secoud valve, a detectol
trinde, has a reaction coil connected 10 ils anode whose function is tc
feed back energy snto the grid coil. Here mutual inductance is very
necessary. but the whole coil set of the detector valve must b
ed completely from the coils of the first valve or energy will
be fed back into the first stage with consequent uncontrollable
instability.
gain, in Fig. 3. the LF. Transformers have their windings
coupkd hy mutuxl inductance. but each transformer is cacefully
screencd from all olber coils.
of R.F. coils used in reccivers vary according lo the
cireuils, hul Flgi 2 and 3} zlvu some ides of what is needed.
is of a basic circvil for a “straight” receiver, the firt being a hlgb
freguency amplifiec iollownd by the second stage. a friode detector
Obviously it will be very desimble to make C, and C, a ganged
wvo-section condenser but before this can be done the two sets of
coils must be similar in_all respects so far as the actual tuning
windings are concemned. The other windings wil} put varying loacs
on these tuning coils in each case. causing damping o some degres
but these effects can he balanced in practice. Tn the first stage 'h(
aerial will impose its load oa the grid coil via the aerial coil. and in
the detector stage Ihe anode coil will be coupled 10 the grid cull at
well as the inter-stage coupling, bul if the 1wo grid coils are made
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[y

Fig. 3 Bade AF  Section of a Suparher

i

|den||cally similar these loads will be balanced by keeping couplings
low ard. finally, by trimming out stray capacities with the Wimmmg
sections. ul the ganged condzmer.

grid and aerial and grid and anode windings as desired. These coils
arc then mounied round a rotary wafer switch so designed (with
an earthing ring) that ail coils BOI in use are short-circuited and
carthed 10 prevent pick-up and other lm and each se1 of coils is
sereened in its own box built round the swil

For a superhet (Fig. 3) the coil stlem! are rav.hur more complex.
The first stage is a mixing circuit where igcoming signals are tuned
by L and C, and fed to & riode-hexode. The triode portion of the
valve is an oscillator with its own set of coils arranged 10 tupe 10 &
frequency which. no matter what the posilion of the gaoged
condenser, is always a constant pumber of kilocycles Muem from
the incoming signal. This difference is known as the Intermediste
Frequency and the osclllaler is ususlly tuned above, rather th

below. the frequency being recsived. These two frequencies are
mixed in the valve and the resvlt is & modulated signal composed of

1t
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e Intermedizle Frequency and the sound sigoals (rom the trans
mitter.
The primary windiag in the aoode cireuit of V1 is tuned by s
smal condensr 10 this frequency so that a modulated high frequency
voltage is set up across this coid and a similar vollage is Jnduced inle
the sceondary winding also tuned, the two coils together forming an
[ntermediate” Frequency Transformer. The induced voltage is fed
0 the grid of V2 and again passes through an LF. Transiormer
before reaching 1he detector, V3. .
¢ acrial and oscillator coils are similar to those as used in a
straight receiver. but the §.F. Transformecs lune to a lower frequency
(aboul 485 kes) and thus need morc turns of wirc and a greater
inductance. An LF. Transformer is. in effect, a Band Pass Filter and
as explained in Chapter 2 this greatly assisis selectivily in (uning.

There are several methods of improving the sclectivity of 2
receiver. In the straight set reaclion can be uscd in the detector
stage 10 give preater seleclivity and volume with a shight drop in
tonal quality or several 1uacd stages may be employed, each consist-
ing a grid coil and wning condenscr coupled through an H.F
amplifying valve to the next slage. It is plain, however, that instabilily
would 5000 be caused by the multiplication of valves, and generally
it 1s better 1o reduce the number of stages by using Bund Pass Filters
instead of single coils. Bach Filter requires 1wo luaing condensers
instead of one so that a ganged condenser for morc than one stage
becomes an unwieldy affair. but with a siraight receiver good results
are obtained by using 4 Band Pass Filter with the H.F. stage coupled
to a single coil in the detector grid circuit.

Band Pass Filters of different lypes are shown in Fig. 4 and
their action may briefly be explained as follows. Where two coils
have identical resonant frequencies these {requencies arc slightly
changed by coupling the coils, one moving highee and onc lawer.
Thus two coils coupled to the correct degree spread a sincle turning
point_over a band althougn the limits of this band are far mare
sharply defined than the limits of a tuning point on a singte coi
Not only is the selectivity increased. bt a station on the band of
frequencies has a more even fesponse accorded to its sidebands with
4 conseguent improvement in quality.

CHAPTER 2
‘The Design and Construction of Radlo Frequency Coits

For home construction, only R.F. coils on open air-cored formers
will be considered as apart from S.W. and Television coils. for there
is 0o really satisfactory method for the construction of coils using
powdered ifon cores.

The steps to be described arei—

I. Design of the coil and determination of induclance.
2. Choice of former and type of wire.

3. Construction.

4. Testing.
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Fig 4. Band—Pass  Circults,

1) Design

Obviously Lhe whole design of the coil will depend upon the
work il is expeeted (o perform. A medium wave tumag coil will
consist of u single layer solenoid with or without reaction and acrial
coupling coils, multi-range coils will cootsin both single fayer
salenoids aad bank wound coils for the higher inductances, 1.F.T.
will. generally speakiog, be bank wound coils made to fit on a
dowel former and so on,

For tuning coils il is first necessary to consider the wave range
the coil is to cover wilh due regard to the variable condenser (0 be
used. and hese it is advisable 1o use the formula

= 1885 VIC

where 4 is the wavclengih. L is the i ys and
C'is the capacily in a0 fixed i
(o frequency. the praduct of the two being 06:000.006

coaX f=3x108

E. H. Chapman has described one method for evaluating
e roquired inductance from the above formula, Variable condensers
have 1 minimum and 2 maximum capacity. the stated value being
the miaximum. The minimum depends on good design and the amonnt

13
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of insulating material used io the construction, and there is a furtber
stray capacily in a tuning circuit duc to the wiring of the coil.
shiclds, cte. however, the mimimum capacity of the condenser is
assumed 1o he zcro then the sleay capacities of the ruming circuit
can be called S. and the formula writtep:—

~=1885 VUC +9)

This s the value for maximum capacity; obviously the wave-
length for minimum capacity is:—

Al =1885 VIS
Square both equalionsi—

18852 (C + §) = 18852 LC + 18852 LS.
18852 1.S.

T
.

al

and by sublracting * from t
A~ al2 = 18852 LC.
)n ihis form the formula is very useful for it cnables any

maximum and minimum wavelength to be referred to the coil and
capacitor and by transposition L is ecasily founc.

Examplc 1.
It is required to tune from 200 to SO0 melres using a 0003
variable capacitor. Theni—

5002 — 2002 = 18852 X .0003 % L.
D6SL.

1.066
= 197 microhenrys.

1t should be borne in mind that a tuning system is more efficient
so far as range average js concerned the higher the L/C rato can
be made. that fs by using 3 jow capacily condenser with a high
inductance, but clearly this is limited in the higher wave-ranges. Al
law wavelengths the band covered reduces, and adequatc coverage
is obtained by using several cmls with the condenser 10 cover the
bands. As the wavelength falls so will the capacity of the condenser
as may be seen by considenng a bigh frequency tuning system with
a range of 5 to 8 mures.

Eximplc 2.
table condenser would be of 00005 mfd. capacity (genzrally
srylcd 5 picofarad (pF)).

14
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52 = 18853 X .00005 X L
177.7L.

= .22 microhenrys.

The stray capacities in such a circuit would obkusl%r have 1o be
reduced to the smallest degrce and the coil would be sell-supporting.
no former would be used. As the induciance is so low the connecting
wires 10 the condenser must be as shoft as possible—usually the coil
is_mounted dircctly on the condenser terminals—for any loops of
wire would add seriously to the inductance. perhaps even dcuh!mg
its value.

Thns then, demonstrales the differences between various types
of coils. so far as structural methods are concerned. and & series of
general suggestions may be given here.

Television Coils

Coils for television reccivers diffes considerably from other
lypes since the requirements are different. High “Q" is not required.
in fact it is a serious disadvantage and 10 avoid it the wire used in
their coastruction is much finer than would be found in an ordinary
receiver cnvermg the same band of frequencies. It is_virtually im-
Fosslbu for the amateur constructor to work out from a given
ormula the precise number of tumns required to cover a given
channe] since so much depends on the nature of the core matcrial.
and Lhe stray capacitics in the chosen circuit. For intending television
constructors full winding data will be found in Appendix I1. page 83.
The information given covers all the cxisting BBC. channels and
gives details of RF. coils, R.F. transformers and chokes. With the
exceplion of the chokes, calculations arc based on the Aladdin
former snd dust coil type

Ultra Short Wave Colls. 4 1o 10 metres

These may be wound on formers or be self-supporling. If the
main desired waveband is about S meires self-supporting coils are
advisable although if the coil is one of several, as in a superhet.
uhc‘fe ganging is necessary a former must be used for the sake of
rgidity.

Formers may be of ceramic materials such as are advertised,
these formers often h(:m*| chased with a very shallow spiral so that
the wire is more firmly held. It is somefimes staied that copper or
silvered copper tubing should be uscd for Ulira Short Wave work.
but this is unnecessary even in small ransmitters. let alone receivers.
No. 16 or 18 S.W.G. copper wirc is perfectly suitable and this nay
or may not be silvered. The spacing between turns need not be
greater than the diameter of the wire used: some spacing is desirable
to cut down the self capacity of the coil but greater spacing than one
diameter merely has the effect of reducing the inductance dispropor-
tionately.

Spaced coils, therefore, are best wound by taking two lengtha
of the wire 1o be used and wiading them side by side on the former,
the spacing wire being stripped away afrer v.]mushmg (if done) 10
leave the actual winding spaced out by the wire's diameter. Specings

15
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of smaller size may be made in lbc same way using various size
of wirc alongside the turns of 1he cof

The leads of Uliea Shorr Wave COI)S should be made by merely
Jeaving sufficient of the winding wire for connecting up al cach end.
this being cut down to th smatlest length possiblc when the coit
can be tned out in position.

Short Wave Colls. 10 to 180 metres

These coils myay be made on the formers alrcady suggested. on
paxolin forniers Gr ob ribbed ebonile twbes, the wire sizes being
graded down in diameter as the wavelength rises. Above 100 metres
spacing will probably be dispenscd wilh, the turns being wound to
touch and here insulated wire will be necded. For all general pur-
poscs enamelled wire is suitable, the insulation being thip yet strong:
the wire must be hardled with care, however, for the enamel can
be cracked or scralched especially if the wirc be allowed 1o kink.
Keep coils of wire wrapped and boxed so that sharp edges capnot
rub the insulation.

Onece again connections should be made by ieaving sufficient
of Ibe winding wire at each end of 1be coil for that purpose.

Medinm Wave Coils. 209 10 600 wefres
se coils arc usually single layer solenoids wound with the
turns side by side and touching. They are made on paxolin formers
using enamel. colton_or silk msulaled wire, and fhe ends of the
windings should terminate in soldering tags so 1hat conneclions miy
easily be made with no cisk of poor joints.

Long Wave Coils 900 to 2,000 metres (\nd LF.T.s)

These coils arc most often bank wound. that is they are made of
several lavers of wire one layer on 1op of the otber. Small paxoln
bobbing may be made for the purpote orLKaxohn cheeks fitted over a
cylindrical former, particularly where both Medium and l.ong wave
Zoils are being wound together. Cardboard of paxolin cheeks might
be fited over {* dowcl rod and the tums laid betweon them the
cheeks in this case being removed when the winding has been impreg-
nated with paraffin wax

Examination of commercially made coils will give ideas and
examples.

‘The Calculation of Inductance

Whben the desired inductance has been found by the wavelength
formula it i< necessary to work out tbe size of former and aumber of
rurns of wire 1o use to make such an inductance. The writer compared
several formulae and tables and found surprisingly wide discrapancies
custed between some of them so_that finally only two formulae
for single layer coils were chosen. Both formulac arc adapted from
Wheeler's Formula, but whilst the first form uses the 1ol leagih
of the winding Ihe second uses the number of turns per inch (the
winding “pilch™), this being far more convenient for spaced coils.

Wheeler's Pormula. adaptation 1.
16



coiL oesi
X N2
9r + 101

where L is the inductance in microbenrys, r is the oulside radius of
Ihe coil in inches and ) the fength of the winding in inches. N is the
aumber of turns.

Example 3.
The medium wave coi) of Example 1, of 197 microkenrys is to
e wound on a paxolin former two inches in diameter ana muc
inches long, so that allowiog a 4” overlap at each end
1aken as 2§”. As it refess 10 the outside radius r should mclud-c he
wire diameler but only a small error will resull if it is made 17 for
cateulation.
12 % Neg Ne
Then 197 = —————— = —
9X14+10x25 34
. NZ= 197 34 = 6698
and N = 81 turns,

This means a pitch of ~—— = 32.4 turns per inch and from the
Wire Tables in Appendix | it is seen that SW.G. 22 Double Silk

covered wire wound with turns fouching has almast exuctly this
piteh.

Formuly 2. (Wheeler's Formula adapied by Hayman.)
B
N=Lx [ I+~/l+*]
aLx2

where N is the number of tums, L is the inductance, @ is the outside
radius of the coil end X is ——, n being the number of rns per
inch and d the diameter of |h: coib. -

Example 4.

It js required 1o wind 2 coil with a0 inductance of 250 micros
hentys on a 1wo inch diameter former using 20 toros per inch.

Then T
N = 250X [ I+l + — ]
1 X 250 x X2
20 20
and X = =—=.25
W0x4 80

ScN=250x,ZS[l+~/l+ ]
1'% 250 X .0625
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/ 9
= 62.5 1+ V1 +—
156.3
= 62.5 X 2.253
140
= 140 turns and the winding length will be % or 77,

An cfficient shape for a coil is ope where the diameter is (wo
or three times the winding length but rhis would be bulky and
inconvenient for most purposes and the diameter is reduced.
Similarly. formulas exist for calculaling the optimum gauge of wire
10 usc on a pamcular coil but this calculation is so intcicale that it
is omifted. In any case modern valves are so efficient and have such
large amplificalion factors that the efficiency of coils is sometimes
reduced to prevent feedback and ipetabllity so that the nam in
efficiency due to the use of such formulae can be dispensed wi

Bank Wound Colls

ere coils are to have such high inductances that they are
bnnk wound a formula given by R. E. Blakey io Radio and Tele-
commucieation Enagineers' Design Manual (Pi(mm) may be used.
For a coil such at is shown in Fig. 5 where a is the mean diameter,
b is the wmdlng length and ¢ is the radial depth of the winding all in
inches. and N is the number of tures and L is the inductance in
microhenrys:—

202 N2
T3 9b + 10
Example 5.
A coil of 1,000 microherirys inductance is to be bank wound oo
3 1 paxalin wbe, ¢ and b both measuring 3.

Taen 8 will measure §* + 4 + 47 or 1”.

2% b2 % N2

Thus 1000= — > 7
GX D +(9x .5+ (0% 5
NN
125 125

So 1.000 x 125 = 2N¢
and Nt = 62,500 and N = 250 tums.

cross gection area of the coil is ¢ X | square inches or }
square inch so that wire must be chosen that will wind 250 turns to
the } square inch or 1.000 furs per square inch. Reference to the
W;rr. Table shows that SW.G. 24 D.CC. is sufficiently close to this
value.
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A
Maeon Diameter

\
2

-4
Radiol  Depth of
he  Winging.

Fig 5. Bank Wound Coil Dieensons.

‘When more than one coil is to be wound on a former—for
oxample as in the case of the usual medium and long wave coil—it
must he remembered that the iwo windiags are connected in series
with all the tums in the same direction of rotation so that when the
ghornng switch is opened (Fig. 2) the inductances arc in series and

be added together. The lona wave winding of such a coil,
Lhereiorc. should have its mlr,ulaled inductance reduced by the
inductance of the medium wave coil so that the sum of the two
inductances together equals the required long wave inductance.

Oscillator Colls

is the writer's opinion that oscillator coils for superhets are
too dlﬂicull to design where the tuning arrangements arc to be

as in the commerciel receiver. The complexity of the various
calcutations may be seen by reference to various designers’ hand-
books. and evea then it is often stated that experimental work on the
propo;ed circuit §s necessary to discover the adaptions and changes
eedc

The difficulty lies in |hc tuning arrangements. 1f the main

mmng nreull is to cover, say, from 200 to S00 metres—a raage of
600 kcs. the omllnlor coll for an intermediate fre,qucnzy of
460 ka Mll be working between the points 1960 to 1.060 kes.

(t will be szen that the ratios of manmum to minimum frequencies
are different, being 1 to 2.5 for the tuning coll and 1 fo 1. 84 for the
oscillator coil. The steady difference of 460 kes. will not be main-
tained by straight ganging, therefore, and to correct this a sysiera of
padding and tracking condensers is arranged in the oscillator circuit.

In amateur short-wave receivers, it is becoming usual to tune
the oscillator quite in ndently of the acrial or HP. circuits with
 separate variablc condenser, and this Js prabably the best way out
of the difficulty for tracking can then be made 1009 accurate over
the whole dial. Ullna this method the oscillator coils can be calculated
in the ordinary was

19



COIL DESION AND CONSTRUCTION MANUAL

Aerinl Couplings

The signals from the acrial may he fed into the first tuned
ciscuit in a variety of ways which can be reduced to threc main
methods.

1. Aperiodic Coil Coupling.

2. Condenser Coupling.

3. Tap Couplivg.
Almost all tuning coils are connected with one end eartbed and the
other feeding the grid of (he valve and for couvenience these are
ternyed the “earthy” and "H.F." ends respectively.

For aperiodic coil coupling a small aerial coil is wound on the
same former which bolds the luning or grid coil. the wmdmg being
near the earthy end of the grid coil. The number of turns depends
on local conditlons but 30 turns in either a single ayer or bask wound
should be satisfactory for mediumn and long wave coils. or ooe
quarter of the grid-urns for other coils. Tho end of the winding
nearest the grid coil is carthed, the aerial being taken cither (o the
other end of the acrial coil or to taps which could be included at the
tenth and twentieth turos. The aenial coil should be " from the
HF. end of the grid coil (Fig. 7c) and both grid and aerial coils
are wound in the same .

Signals will be sironger allhough some selectivity will be
sacrificed by using condenser coupliog. In this method the aerial
is connected 10 the H.F. end of the grid coil via a wery small
con r—a ceramic trimmer type is suitable=sand the capacity is
varied for the best results. B

Coil and condenser couplings can be combined to give a filter
effect, a condenser in series with the earth lead from the coil being
arralnxed 10 tune the acrial cofl to the frequency of any interfering
station.

On short and ultra short waves, condenser coupling can be
used but the capacity must be very small indesd to minimise the
aerial's demping effect on the circuits with consequent dead spots.
Coil coupling is better, 1 3 or 5 turn coll being mounted pear the
H.P. end of 1he ﬁrid coil or between the grid and anode coils of &
circuit such as the Franklio self oscillator. Whethor the coils are
former wound or self supporting the spacing between the grid and
aerial coils should be varied to obiwin the optimum position.

these wavebands sperial acrials are often used together with
twin feeders and in thesc cases the aerial coil is not connccted to
canth _but has one feeder connected to each end.

Tap feeding will cause damping of the coil and will probably
put ganged circuits out of alignment. It may be used on a simple
ciscult, however, and merely consisie of various tappings taken
from the grid coil to which the aerial may be connected. Alterna-
llyelx‘:‘)\e acrial may be taken 10 a variablke capacitor of up to 300
picofarads capacity. the other terminal of the capacitor being taken
1o the tap. The nearer the tap is to the earthy end of the grid coi)
the lesz will be the damping impoted on the circuit ang the greater
the selectivity. Unfortunately semsitivity falls with lec-
tivity. A tap at every tenth turn up to the centre of the coll should
Rive cnough adjustment for any aerial,

n
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Reaction Windings

Where reaction windings are 1o be used it is difficult to give
hard and fast rules. The type of circuil, the valve, the anode voltage
and the waveband covered all have their own effects on rbe oscillatory
characteristics of 1he system. It may be said. however. that for
controlled reaction as in Fig. 2 the best form Jor the coil 1o ke is &
smull closely coupled winding rather than a large loose coupled coil
This is 50 in short wave work particularly. where smooth reaction i<
essential, and in this case the reaction winding is made with wire of 1
gauge finer than al used for the grid coil. and somelimes even
with resistance wire such as Manganin.

Coil sections are shown in Fig. 7 and it will bg convenient to
consider reaction arrangemants for various wavebands.

Ulira Short Waves

Here the anode coil often becomes a part of the tuned circuit
a5 in the Franklin oscﬂlnlnr or with Colpit’s circuits. and is of the
same wirc. shape and winding sizc as the grid coil, being indeed a
continuation of lhe grid coil. Fig. 6a shows a very efficient ulira
shorl wave receiving circuit where grid and anode coils are cxactly
similar, and depends on lectrode capacity coupling
inside the vaive, Super-regeneration is included and the (wo larger
cails for the feed leads superimposc an oscillation of much lower
frequency (20 10 30 kes)) on the ultra high frequency oscillation, thus
bringing  the circwit 1o the threshold condition .where it is most
sensitive and least selective. The net result is a hiss over the whole
tuning ranpe which reduces to silence or nearly so when a signal is
received. Nalurally the system cannot give good quality but for this
ype of work lha hc Ie ast con isideration. The super regeneration
coils are lune nser 006 mfd. capacily so that
the inductance ior bnnk wmmd coﬂs o gnc the frequencies men-
tioned above can be caleulated.

For an ullra short wave superhet the ascnllamr section migl
well he of ] leclron-coupled type as shown in Fig. Ad a)!hou[:h
the circuits nf Fig. 2 or Fig. 6b arc oflen un.d

Between 10 and 180 metres the range is covered in bands as of
10—25. 18—60, and 50—I80 metres or corresponding overlapping
bands and reaction is usually annhcd by the throltle control circuit
of Fig. For mains valves. however. the circvit of Fig. 6c has
much 10 hccommmd it for reaction is controlled by the potential on
the screen of a tetrode and by feedback in the cathode coil which
may conveniently be a short wave choke. There is of course no
coupling between the gnd coil and cathode inductance so that the
erid and acrial coils may be simplc, cfiicient windings on a smal)
ormer.

Where an anode coil is used it may be arranged either as in
Fig. 7¢ or 7d. being interwound with the grid coil in the lauu case.
The wires must be insulated but must not touch in any cas

Tt is suggested that anode reaction ¢oils are given onc third the
number of tusns of the grid coil. the grid coil bing funcd by a 100
picofarad capacitor and the throttle contrl a 300 picofarad capacitor.
although as already mentioned individual circuits my necd an
2daption to these figures.
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Figa  Oxcilater  Cireultx

Fig. 6d shows the electron aouplud circuit where reaction
depends on cathode feedback much as in Fig

Medlam and Long Wave Coils

In the majority of cases these will be wound on the same former
in pairs as In Fig. 7. The reaction winding has to serve for hoth
wavebands and is wound belwecn the grid coils preferably as e
multilayer wioding to save space. The best cireuit to use is the
throttle control system of Fig. 6b. usual values being 500 picofarad
funing Gipacitor, a $00 picofarad solid or air dielecric reaction
condenser. 100-300 picofarad gnd capacitor and a grid resistor which
with modern practice has rcduced its valuc from S megohms to |
megohm or cven less.

As a gmnul ruie the reaction winding can have a quarter to a

m:id of total number of turns op the medium and long wave
Lol

Fig. 7§ shows a medium and ]onx wave coil such 8s may be used
for a mldsex or portable set. Al the windings are mulu'laycr on 4~
paxolio tl

ing.
Reaction coils must always be connected in their correct pl
1f a circnit fsan m oscillate reversing the reaction coil leads mer.ny
corrects

Bend Pasn Units
Where two identical tuning circuits are coupled wWeether the

n
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Fig.7. Coll  Sections

resonant frequency of each circuil chenges slightly, onc to either
side of the original frequency. and if the onginal frequency was f

then the ness resonanl frequencies arei—
and fa =

¢ f
Tvi-x Vi+K
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where K is the coupling factor. Thus a band of frequencics wween
i and f1 is passed, signals within the band being received steons
and those outside the band being cut off more tharply than wm
ather forms of tuning.

A good band-width for gormal conditions is 10,000 cycles and
for “Bottom Oifﬂcily Coupiing," tha most simple system to arrange
i3 as in (Fig. 4a).

JCG
K=—

G
#nd band-width fs given by Bu = K.

Bxample 6.
Two matched coxls are tuned by a 2 X 0.0005 mfd. capacitor
0 600 metres 51 000 _cycles) when the sections are fully meshed.
nc band width at this point is 10 be 10,000 cycles, therefore as

= 025 microfarads.

cN‘mmsmg however, that when the value of the capacitors is
redu 000! microfarad the circuit now tuacs to 300 metres
1.000.000 cycles) then

10,000 = 1,000,000 K or K is now ovly .01 and

K = ——— becomes.
0 =—
(o]
and Ct = 0! microfarad
The band-width, therefore. will change over the tuning raoge
vai practice
mange from .01 10 .S ﬂ’l‘ﬁ:ﬂ)f‘ll‘ld G may

A
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The coils used for a Band Pass Unit must be similar in all
respects so thar perfect ganging is obtained. and should be in
separate screening cans so that no megnetic stdplmg is possible
belween them. when capacity coupling is 10 be v

LF. Tressformers

It will be seen that the LF. Transformer is no more than a
Band Pass Unit $0 arraoged that the [otermediate Frequency is at
the centre of the band. In this case, however, the coils are coupled
generally by mutual inductance almouth there is also a mpacn
coupling due to the capacity between the hank wound coils. g
Blukey (Rodio an Tl&enmlmmh Engincars’ ull)
points out that ccmmerdal praclice mnkes the magneuc eouplmg
oppose the capacily coupling by winding both coils i the same
direction and connecting either the two slanmg or 1wo finishing teads
to anode and grid of the respective
should )x pald to making 1.F. coils

cies . low loss tuning condensers being

wuh sdemmcly slzu‘! ular screcning mns ‘I’h; main lrouhlc

bes
me ooupl between mc eoUs which cnmmls lh= bandwidth and
thus the selectivity, and as these calculations depend oo the value
of the muual inductance which is difficult to arrive at it is suggested
that experimental methods will give quicker results.

Example 7.

An LF. Transformer for 465 kcs. is required, both primary and
secondary being tuned and identical.

First consider the tuning. The coil will have a self-capacity
adding its effect 1o the capacity of the small wning condenser so
that if 100 picofarad js considered a salisfactory condenser 10 use
the calaslations fof resonant hcqucncy should be based on almost
the maximum value of this condenser. 75 picofarad o5 000075
micsofarad. Then the capacity of coil m ‘condenser will come well
above_this m practice, giving room for mimming adjusiment either
wa! -ondensers ideally would be of (he ceramic mounted
anr—dwlecmc rotannz type for these are more simple to build in
and adjust than the screw operated trimmers, which bhave an
additjonal drawback in the liability of the screw threads to slip.

The inductance required is discovered from:—

where f is the frequency ip cycles. ¢ is 3.14, L is lhc inductance in
microhenrys and C is the capacity in mictofarads.

For 465 kes., then.
1,000,000
465000 = ———
6.28 +/.000075L
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1,000,000
aod V. 00007SL = ———nx—
465,000 x 6.28
and 9000751 = .342¢
342 x 342
or L = ————— = 1,560 microhenrys.
000075

This inductance may be made as already described in 1he
example of a bank wound inductance, and mounted on * paxolio
tubiog The transformer will require two such inductances.

Variable Selectivity

As already explained the band width passed by the LF. Trans-
former will depead on the coupling factor—in this case the gutual
inductance between the coils—and Fig. 8a shows the coils mounted
on x wooden dowel wilh a push fit so that the coupling between
them can b varied till the oplnum position is found and then left,
ao mcrusc in :oup]mg (coils closer together) causing the band width
to widen and vice versa

For' comlnmly variable sel»c!.mly, hcwmr cither a moving
ooil or tertiary winding can be employed. Fig. 8b shows onc trans-
former coil zrranged {0 rolatc about a mmnl axis about 1” {rom
the other, the spindle being pivoted in the wall of the screening
or ou ap internal framework. By using this mcthod it is of course
possible to gung a number of transformers by mounting therp with
the spindles in line and connected together by insulating tubing or

Pig. 8c shows how the couplin and scleclivily can be varicd by
a third coil mounicd betvee: }1‘1’: secondary and primary and
possessing about onc third of uzc number of torns on onc of the
main coils. Control is effected by a variable resistor of 5,000 ohma
which is connected across this winding with its moving arm earthed.
As the rmswnc«. is reduced so coupling is reduced and the selectivity

mes grea

When usmg these methods it is advised that one_coil of the
Iransformer is still mounted on a dowel wilh o push fit. The variable
selectivity device is then arranged and clamped 1o give half of the
total effect possible and the transformer response brovght to ils
optimum _setting by adjusting the coil on the dowel. The variabls
device will then give good control on either side of the mean position.

The cendensers shown jn the figures must be iosulated from
the screen or any other support. and have any carth leads returned
direcity to the chassis.

Co) Construction
When the induclance, m:lh\)d of winding and details of
coils and have been cal and decided

upon the type of former ag already discussed is chosen and the coil

und upen it. Where bank wound coils are 1o be made it is
suu:sled that a few commercial types should be inspected, theg
often have the wire faid on spirally in a wave winding which makes
& verv atropg. self supporting coil and reduces the self capacity,
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Fig @ LE Coupling

This is machine wound. however, and for hand winding it will
pmhnbly be found sufficiently diffcult to kees each lnyer even, uahuy

cked ‘withoul lumping or crossovers amt 0 break il
nsulation. If & coil is to be tapped and is tmnd wound on no
mooum barc the wire and solder the Lapping lead so um the ]mm

in the centre of the layers. Instead draw owut
ol wuc (old the length into a long loop which is taken ont Lhmugh
cheek of the former, if used, and carry the wire back to continue
Lh= wmdu\x. anchoring Lhc Ioop '"uflm with l.h: continuing 1urns,
Fig. 7h. The wire can thes and connected outside the coil
with no rlsk of a bmkdowﬂ in the ipsulation.

Onl, wires are compietely substantial, as in Ultra Shon
wave colh ihould they be used as the coil leads. Thinner wires
should be lakcn 10 soldering lags and the simplest method of
making and fixing these paxolin (nrm:rx is to drill two small holes
at the desired point 17 apart. and to nm a double loop of 18 SW.G
lnned copper wire through them. The winding wire is then soldered
lo the. 100p inside the former ami carried 1o the starung point of the
winding by the most dircct route, being brought to the surface of
the former tbrough a third driil hole _This will give adequate
ancharage and 1 prevent sllppmg twms of

the ends of wnrc {ar soldering, silk and cotton

caver\ngs s.huuld be stripped off. not scraped, and enametled wire
should be cleaned b dnp\)lna its md into meéthylated spirit and
cored voiding killed

""J“‘ﬁ a rag. For so
d uxzs which will cause corrosiop: there should be no chance
or poor oldcred joint at any place for bad joints make

1aul( ﬁndmg doubly difficult.
When the coils are wound it is very desirable to protect them
from the effects of humidity and a method which will give them
further sirength and rigidity is to vanush or wax them. There will

n
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be @ slight rise in self-capacity but this shouid not be woublesome

The bast varpish is polyatyrenc, which may be made (com
dissolving_old or broken polysiyrene formers in benzole. Either
immersc the coil in the varnish apd allow it to drain very thoroughly
or brush the varnish on with a soft brush, working it well jnto
the Inyers o( a bank wound coil. When the varnish is dry spacing
M RO off and bobbm red.
Coils wouna betweodl paxolin washers, as in Flg 7c. may be left
unuronted or protected by & dayer
i the oolls a5 given a prolecting layes of wrax ms(cad of varnish
it is mofe simple to be nssured of thosovgh impregnation especially
in the case of bfmk wound coils. Beeswax is melted down and then
boiled, to make sure that any water contained in it is cxpelled
and then the coil s dipped in the molien wax and allowed to remain
until a)\ the air bubbles are driven off and cease

formers or dowels s\manad for the LF. Trans-

(ommne.ho\ﬂd beboﬂodmthcwax before use, onee again remaining
until abr bubbles ouaae o Tise.

‘When ¢he wax has sci m eoB will te very firm but all sorplus
wax must be drained away.

Screening

Enclosing a coil in & screening can always result in some drop
in efficicncy together with a drop in inductance. these lokscs being
vary serious if the can is not of an adeguate size. It is possible
however. (0 calculate the inductance drop due to a can so that when
the coil is designed this loss can be allowed for by adding it to the
cosrect inductance value of the coil.

A rough rule for keeping the “Q" of the coil high is 10 make
the diameter of the can at least twice that of the coil: greater spacing
would be beneficia) but would make the apparatus hulky in maost

cases.

A. G. Bogle (Journ. LEE. Val. 87) gives (bar for 2 coil
mounted coaxially in a can of reasonably thick non-magnetic metal.
where coil and can are cyhindrical nnd the gap between the ends of
the winding and the ends of the can is equal (o or gxeam than
2ap between the sides of the coil znd the sides of the

[ g b2
L=L -
1/8 + 1.55  «

where L2 is the inductance screened, L is the inductance unscreened,
1 is the length of the coil winding g z is the gap between the side of
the coil and the side of the can equa) l" rouud). a is the diametes
of the can ang b is the diameter af 1. all measurements in
inches. and the formula o hold for (reqnencms of or over 100 ks,

Example 8.

The coil of cxamplm l and 3 is o bc screeted. L= 197
mcrohenrys, 2" if the is 4% in diameter
g=1"anda
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Theo
25
| »
L,=197 | m——x—
s =
Zrss
625 -
=97 | — =1
405

= 166.66 microbentys, the new induciance.

Thus is the screened inductance is siill required o be 197
microbenrys the percentage difference due 1o the screening effect
must be added to the original induclance of tbe coil.

Testing Colls
Coils when wound may have several lests applied to them bui
for home construction it will be sufficient to make a simple continuity
cheek with a battery and lamp or instrument and 10 measure induc
1snce il a bridge is available or can be made. Where coils are to oe
matched. however. il is necessary to usc a signal generator and
valve volimeler (ss described in  Radio Test Equipment Manual
Bermards No. 73) al(haush the method is easy and gives good results.
Bach coil is connccted in turn across a smajl condenser and the
output from 1be signal generator fed into the tuned circuit thus
jormed by connecling its leads acvoss the coil. The voltage across
the coil is measured by Lhe valve voltmeier and when the signal
generator js tuned through the resonani frequency the voltage cises
sharply through a peak. Each coil is tested in this way and if o
peak voltages occur at different settings of the generator that coil
h the highest frequency scums has the lowest inductance and the
w%" coils must be reduced to the same value. This is done by
semoving from them onc Ium of wire at 4 time umtil the resonant
point of each coil falls on the same sehting of the signa| generator
Naturally this method of adjustment should oot be carried
ocyond narrow limits and two or three turns should be the maximum
number removed. If a greater discrepancy berween the coils the
low inductance coil should be |mp¢lzled for faulty winding or
shorting 1urns.

CHAPTER 3
HF, Ciokes

in the ordinary receiver the H.F. Choke can never be better
than & compromise — even for one waveband a properly dcsmud
choke can have ity masimom efciency 8t onby. one frequer
although the drop in response is gradual enough for workmg
over the band and one ehoke will suffice for the medium and | ong

g
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vebands—and the cause of lbis is casily seen when the theon
of the choke is uuders(ovd
The purpose of the H.F. choke is to allow low frequency signal
to pass on to further circvits after separalion from their H.F
carner whilst blocking the H.F. and by-passing it (o _earth (85 in the
case of the ordinary triode detector); 10 prevent H.F. from entering
the high lension supply; lo pass H.F. from radio [reque.nc}
amplifiers 1o following circuits with as litle loss ag posible, as il
Fig. 2, together with other less frequently used applications. A high
res\slancc will oppose a flow of H.F. and is sometimes used in the
anod: cirevits of 7adio frequency amplifiers and detectors, bnl an
H.F. choke will perform the same function without the high voltage
drop which must of necassity appear across such a resistance.
The action of the choke depends upon the fact that if a radio
flc uency signal is applied 10 a long wire whose clectrical leagth is
the wavelength of the snyml applied a sumdmg voliage wave is
m up on the wire or, in other words, the wire behaves as if it bad
very hl?h impedance at one Lnd and very low impedance al
other. If one end of the wirc is earthed (via a condenser) therefore,
the other end nf lhe wire opposes the passage of H.F. currenta of the
tesonant 1r

Thus al lhﬂl is required is to wrap the Jength of wire into @
more convenient form, and it will be real!sed that a high number of
1urns will be necessary for the Jower frequencies. The characieristics
of the chake are not greatly changed by coiling the wise.

For (he medium and long wavebands it is not economical to
construct H.F. chokes but should il be desired to do so a convenieat
melhbd u o slot an ebonite rod )” in diameler with six ﬁuxlly

gs ¢ach 1~ deep and 17 \wde winding 500 tms of
SWG cnnme]led capFer wire in cach slot (Fig. 7). The windings,
af course, are carricd from slot 10 slot and are all in the same dirce-
tion of rotation. This gives 3,000 turns of wire, the two ends being
anchored to soldering tags or u:nmnxls Ihreaded into the cbonite
former.

When a set is to receive medium, fong and short waves a short
wave chnke should be wired into circvit before each medium and
long wave choke—lhat is neacr the valve in question—the chokes
being in series. Shor wave chokes are simple 10 calculate by using
the 4 wavelength ruling; for cxample a choke for wnvelenmhs around
50 melres would have 12.5 metres (41 feet) of No. 34 SWG
enamelied or silk covered wire wound on to % nurmw paxclin
former in three or four small banks. the banks being spaced to eut
down the self-capacily. For Ulira Short Wave work the wite becomes
sery short and is then best wound op to a glass twbe of suitable
diameter in a single spaced winding.

Trangmitter and oscillator chokes for amateur equipment may
be made in the same wn{ with any necessar al lowance in the wire
gauge o suit the probably heavier currents flowing.

okes are better unimpregnated, and if prolection ie thought
10 he necessary for the 3000 turn choke il is best provided by
winding cellophane tape round the former or by cementing = sheot
of celluloid aver the wire.
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Tm only test necessary for the choke ig a simple continuity

ln all circuits the choke should not be allowed to approach
other wising in the same vatve clrcllll particularty i it is an anode
choke as is usuallg the case. The bypass condenser lead should go
direcily to carth by the shortest route, and in Ultra Short Wave
equipment i1 is beneficial to run all bypass leads to one main
conriecting point on the chassis.

Medium and long wave chokes can be screened if desired if the
precautions observed in screening coils are noted.

CHAPTER 4
Power Transtormers

Trans{ormers may be regarded olther as impedance ar vo)ugt:
matohing devices, ard when dosg! nm power transformess it is m
conveniont 10 consider tha volage retics.

Transiormers for power supplies consist of two coils, or sets of
coils, wound on ap irop core to assist the coupling between them
and thus improve their mutual inductance. Power from the AC.
mains is supplied to one coil or set of coils and the magnetic flux set
op in the iron core and around the coil induces currenta in the
second set of colis, the voltages across these coils baing either higher
(step up) or lower ¢step down) than the voltage supphied.

The ool 40 which power is fed is known as the . those
from which is taken are known a3 secondarios, an radio
power traneformess are of both «sp up and s\qddwnwmns&

The size of cach winding bears a very definite relationship to
the power supplied to or drawn from it, the pumber of turns
controlling the vol and the resistance, expressed as the dixmeter
of the wire, contrall lh: current.

The number of turns varies inversely as the size of the core.

The core is built up of thin sheets of iron n the form known as
a laminated core, and this is 8 method used in practically ali A.C.
apparatus. Clearly the rapidly varying magnetic fux oail inducs
currents in the core as well as in the windings around it and if Lhe

¢ were one mass of matal with g very low resiastance the curren
20 induced would be exceedingly high. it is necessary therefore m
increase the electrical resiswnce of the core which can only be done
as described, by splitting it into thin sheets and insulating each
sheet from the next. Eddy currents will still flow but the tota] loas
of powcr s0 caused will be far less than it would otherwise bave

Lammmons are insulaled in sr_vcml ways—by chemical treatment
of the metal surface. by vamish. by very thin cemented paper—and
there are two maln shapm of Iam\muans mc Band I and the
T and U type, both sets giving a three legged core (Fig.

When the laminations are being msened into the ﬂnmhcd coils
on their former they must be siternaled, that is an B must go in
from the left with an 1 from the right then an ¥ from the left and an
E from the right and 5o on. the laminations being brought into
tight contact with no sir gaps.
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®

®
Shaded porvien on (B) $nowe
Core areo
Flg 5 Tronsformar Cares ané  Farmer, ©

The cross sectional area of the core, Fag. 9bA 1: chosen fvom the
formula given bé]'l'h Redlo Dedgnas' Han k, Diffe, i
V'

A= —
5.58

where W is the volt -amperes outpat, and A is the cross section area
in square in

Example. .
IA transformer is 1o supply 300 volts 100 ®A's. 4 volts 2 A. and
4 volts
Th= tots] output, therefore, is
100
WOX —+4X2+4X4
=30 +8+16=54
Therefore A =5— or 1.3 square inches is the necessary core aren
The formula connecting the number of turns in a winding with
a given voltage, size of core, frequency and flux density is
44 X FXHXNXA
100,000,000
where E is the voltage supplied (0 or supplied by the winding, F s
the mains (requency. H is the number of lines of magoetic flux w
aquare inch in the mandAuuucrou sections) area of
32
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I E is allowed 10 equal | then Lhe ulculmmn will give the
number o1 turss per volt 1or zny winding on that core.

It is supposed thal olten transformers will be rewound usmy
malcmh to hand. and in this case the churacteristics ol the iron wiii

ot De known. The best corapromise in such conditions is 10 It H
oqu-l] 60,000 lines per square inch, a figure al which many pawei
uansiormers ase run, zltbough i winding space and other conditions
permit this may be reduced (o 50,000 lines. A, it must be remembered,
i3 built up ol laminated sheels whick have insulation on onc side at
least so Lhat the actual magnetic area will be only 90% or so of
the geomeltrical arex. This measured arca, then, should be reduced
by 10% for the calculation. The sbape of 1be core must be well
rroporlmmd each outer limb baving half the widih of the middle

mb on which all the windings arc placed in layers, thus occupyiug
lhc window space "a X b" of Fig. 9a. The general order of the

windings is primary msldn.. nearest the limb. the H.T. secondary
and the heater windings outside, of which there are usually at least
two, one 10 supply the recuﬁzr feater and one (or the valve healers
of tbe receiver or appara

The rcgulation of lhz transformer is very important—thal is
the virtue of its having only a small output voltage variation with
varying current toads—aad depends 10 a great extent on the iron of
the corc, the shape of the core and Lhe filing of the window space
with windings, there being no large gap between the last layees of
wire and the outside limbs. The core must be large enough and the
wire diameter fully adequate 1o handle the loads cxp:c(ed

in losses in a wansformer ace “iron' and “copper
losses; 1hose watts tost due 1o eddy currents and the purcly magnetiz:
ing effect on the core, and 1he walls lost due [0 the currents flowing
in the resistances of the windings. Theoretical transformee design
requires Lhese |osses 1o b equal when the transformer will be at ity
most efficient w‘"k“'u‘%'m} but for the purposes of small transformer
icient to base all calculations on a theoretical
efficiency of 80% instead of 905, or so which, with care, will bo
obtained. These losses will be dnssmmed as heat and any transformer
which heats up in working to anything but a small degrec is inefficient
and wasteful. Power is beiog lost, regulalien will be r and
insulation will be subjected to the most undesirable strains. A good
transformer will work for hours with a temperature rise which can
scarcely be observed by touch.

The windings are usually on a former. Fig. 9¢, a tube which
will fit the corc tightly with ‘end cheeks to clear the window space,
and through which the leads pass. Such a former can bc made of
stiff cardboard well shellaced, or of thin paxolin. Cardboard is quite
suitable for ordinary voltages: the tubs is first made to fit the core
and the end cheeks are fitted, then the whole is well varnisbed and
allowed to set hard. [t will perhaps be best to [ollow the design

and construction of a specimen transformer throughout.

Example 2.
A transformer is 1o be made with the s| dp«.rw.cn Primary to
tapped 10 210, 230. 250 wvolts, Seum aries, 350-0-350 volis
120 mA's,, 6.3 volig 3 A. and S volts 2
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The walts ratings. therefore, are:—
350 X 120 mA's (only half the HT. wnndmg

supplu current al one time = ... 42 walls.
6.3 189 wans.
5 10 wals.
pving 2n output tolal wattage of . .. 709 watls.
or. say 71 walts.
Vil

The cross sectional avea of the core shoutd be a1 least A =

square inches. and assuming an efficiency of 80%. whie
shculdouérlamly be betiered in practice. the input waltage is therefore

71 X -— or 88.7 wats.
At @ working voltage of 220. therefore (the usual mains voltage)

mps. or .4 amps, nearly, and the wire

the primary will take — - a
230

musl be choscn to carry this current safely. The question of insula-
tion enters her
Commeraal, trangloriers, a inspection will show. are most
often wound with enamelled wire. but conditions are differcnt from
those abtaining [or hame construction. The commercial transformer
is machine wound so that the wirc can be, md generally is slightly
spaced between turns so that there bing of thc enamel,
whilst the wire tension ca more accumlc)y conlrolicd. For amatcur
consiruclion enamelled wire can be used but on no account should
il be wire taken !mm old coils or transformess. It must be new and
:vmy precaution must be taken to ensure the covering is vol cracked,
kinked o7 rubbed for a breakdown in insulation in any winding
renders the whole transformer useless.
Probably the best plan is 10 use enamelled wire with (he added
protection of a single silk covering fo: ll\c heavier primary winding
A suitable core is now chosen, onc with an ar ? square
ml:m\ (reducing 1o an clectrical arca of L8 sq. ins.) being bc[DrL the

" “The tims per voll formula becomes. then.
4.44 X 50 X 60.000 X N X L&
100.000.000
hut if desired a factor can be produced relating 10 all transformers
where H is taken as 60.000 by leaving out the 1erms N and A
This factor, obviously. for SO cycle razins. is

% 50 X 60.000
j=—————— X AN

100.000.000
1332 AN
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w that the fermula for this wransformer becomes

=032 x 18 %N
24N

1
and N =— or 4.2 turas per voll.
24

Thc wmdmgs can all be calculated, then. the primary having
250 050 urns tapped at 966 and 882 turps, 1e secondary
bas 700 "X 4.2 = 2940 turns, centre tapped, (he valve heater
Eecondm‘y has 6.3 X 42 26.5 wrns and the rectifier secondary

42 = 211
The size of wire, as alrcady shown, affects the current flowing in
the winding, and for this type of transformer the gauge may o
chosen on the basis of 2 corrent flow of 2,000 amps. per square inch.
The primary draws .4 amps. so from the wirc lable it will be
seen that SW.G. 26 enam. and single sitk will be suitable; for the
HT. sccondary enamelled wire with an ioterteaving of thin waxed
paper between cach layer will be used. and to carry the 129 mA's
SW.G. M will be suitable.
SW.G. (5. enamelled, will suit both heater windings, and to
mak osses onc extra turn is usually added to the culeulated
ﬁgun.s or these two coils.
1t is now necessary 10 pay some allention to mechanical deails
and 10 check over dic d\mcnslons of (he former. The snza of the
window space. a % b, as shown in Fig. 9a, is 13" X 1§” and the
former may_be suppuscd to oe made of OnE-chh!h material. card
or paxolil is will reduce thé available space in threc directions.
leaving the depth of the window onc inch and tbe leoglp one and
ﬁvlc-e;ghl(llls inches. The spacc laken by each winding must now be
calculate

The Primary
S.W.G. 26 cnam. and sincle silk winds 48 wrns to tbe inch.
50 that the lormes will take 43 x 1§ wrns per layer, or 78 lurns.

1.0
The number of layers will be % or 14 layers and the height will
therefore be 3.
The H.T. Secondary
SW.G. 34 enam. wirc winds 100 turos per inch so that cach
layer will contain 100 % 1} or 162 tums. The number of Jayers witl

be or 19 layers, and these vall be one-fifth inch high.
2

Heater Secondaries
S.W.G. 18 enam. wirc winds 19.7 luros per inch so that ooe
layer will conram 19.7 X 14 or 32 wras so that each heates winding

b1
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will fit into a layer com(omhly and the whole wire height of the
two windings together wilt be under §~.

The total height of the wire alone, then, is § + USth + ot
4 inch, leaving } inch space for insulation.

When the former is made, shellaced and perfectly bard the
cheeks may be drilled {ar the Ieads using the figures above as guides
or the holes may be made as the work progresses providing there is
no chance whatever of damnghng the wire insulation in any way
The primary is wound first. the wirc being cleaned properly with
xplru not by scraping, and having a flexible lcad soldered to it

The soldered joint must be perfectly smooth with no_sharp points
or projecting wire cnds, and it is then covered with insulating
sleeving which carries the flex lead through Ihc cheek. The wire is
lhen wound cither by hand or by 1 simple winder. which is much 10

refesred. All that is needed is a spindtc fuming in end plates
or rings. # handle at one end. Two adjustable cheeks are then
mounied on the spindle to grip the former lghtly, the spindle
(which might well be a long screw threaded 1od) passing through
the centre hole of the former. The former is then rotated with the
right hand. Ihe wirc being fed ol[ its reel and lensioned evenly
with the left. The turns should be laid chnl{ side by side und
counted as they are pus on. in the absence, as is likely. of a mechanical
counler it is convenicnt 1o mark every twenty turns on a sheet of
papsr.

The primary winding is not interleaved so that when lhe cnd
of are layer is reached the wire is wound straigt back on itself and
tension must not be ovec tight for each corner of the former presents
a sharp right angle bend 0 the wire whilst the lower turns have to
sustzin the considerable strain of all thosc windings above them.

It is necessary to understand the effect of one short<ircuiting
tura in any winding. 1t would consist of a very low resislance loop
tn which, therefore. 2 very high current would be induced. this
causing hcating and consequent burning of the ipsulation on ad-
joining turns of wire, whilst the extra load reflected into the primary
might cause that winding to bc overloaded to the fusing point
It must be realised that the current flowing in the primary depends
cntirely on the load being drawn from the secondaries: with the

secondaries disconnceted the only current flowing in the primary is
the small core magnetizing current and the winding acts as a choke.

The taps for the various primary volt: be taken out in
the same manner as the baps on coils. by drawing oul 2 loop of wire
and relurning the wire to the next turn without any breaks or joins.
o n flex lead may be saldered to the winding at the correct turn and
we) insulaled. Whenever possible taps should be arramged to fall
at the end of a fayer 5o that they may be passed straight through the
former check. If. however, they have to pass over several turns the
insolation must be perfect and on no account must unevebness of
winding be allowed in the next kayers. Any bump in the centre of
the coil witl be magnificd in the later layers with a corresponding
strain 6o wire and ingulation.
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When the primary is finished, and a flex lead soldercd 1o the
{ast 1, the windimg must be msuhmi {rom thc following coils.
The best mawm\lhm Empire Cloth mwl;v‘:v:n . with glasy fibres and

Suc)

poaeary
being carned up snugly to ¢he former

Many rapsformers have an u:zrosmuc screen wound over the
prinvary to prevent interference {rom the mains being induced into
the secondaries. t consists simply of one hyes of ﬂne insulaied
wire—S.W.G. 34 enam, iar example, one end of the wire
anchored internally and the other brought out through insulating
sleeving. The end brought ow u certhed o the reoeiver or other
apparatus worked from the dransformer. Nsnuauy just 8g much
Monmuslbem)dmdwlmhﬁmufrbemnasufauy
other winding; no toad is taken from ua.sonlynueendlma
connechon but sboruns uxms would give rise 8o the same heavy
overloads mentioped al

U the screen is mclud:d anotber layer of Empnc Clolh is wound
over il. giving a smooth, even base for the i Agein a
flex Jead is soldered 1o the siert of the coil and msuln(ed ut in this
winding a sheet of thin paper is interleaved between cach laver of
wire. Excellent paper for this purposc can be oblained by strippine
down an old paper the type. any
parts of the paper heing dmydad On cach wire layer one tvm of
paper is wound, filting tight up the cheeks, and the wire is sound
back over it to form the next layer.

At the centre mr a flex lead is soldesed to the wxre and aochored
firmly in the coil, the flex being taken through the check and the
joint. az before, being perfectly smooth and msula(cd ‘When the
H.T. winding is " finished another layer of Bmpire Cloth or Glassite
is faid over it and the valve beater winding made, the commencing
lead through onc cheek and the finishing lead through the other.
A layer of Empire Cloth or Glassite scparates it from the last
Mndms, that for the rectifier heater which is put on M the same

S(udy of any po'wer gck will show that the full HT voltage is
cstablished betw rectifier hcﬂ!cr windi na d the
insulation bctwer_n man peffw ny breakdown
immediately rvin both mnsformcr and mﬁcx valves,

When the former is wound it ie given a last covering of cloth ami
the laminations are_inserted into the centre aperiure in order
already cxplained. The slamsgg\g must he inserted carefully for
it may be possible to run a edge or comer into and throu
she former material, z or scraping the pricary w1

Thclnmmmnsm clamped into 3 5ol uaumawnhw

tal clamps which mnﬂsobed.nlledwprwae ﬁxmghclﬁ(or
bolun;, the tvansformer 1o its chassis.

Testing
The first tests to be given the tramsformer are ocoutdnuity and
indluations ched(s _these being performed with a neoa temp worked
from the A.C. . One mains lead is taken to the metal oofe of
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the transformer and the other, through the neon lamp. 10 cach lead
from the windings in lurn. Any lighting of the lamp indicates a
short circuil from a winding (0 the core which must be rectfied,
The next tesl is 1o check the insulation belween the windings:
wansfer the lead from the core to the common pnmary wize and
test the screcn and secondary leads in turn with the neon lamp.
transferring the mains Ic:‘d from the primary to ‘each secondary 1o
lurn as the test progresses,

Again, any lighting of the lamp jndicates a short circuit, but
aclually asy sbort circuits so dlscovcred would be due to very
carcless workmanship and are unlik

Fimally the conupuity of cach wmdmg is checked with the ncon
larap. connecting it xcross each nl in turn, not forgetting Ihe
(appings, when the Jamp should L

i a small megger is Av.nlﬂhe rcﬂlly valuable insulation tests
can be made but care must be used to choose a voliage below any
bm;kdown voltage calculated for the insulation used. However, as

the peak vollage across the H.T. secod of the Iiransformer
described would be almost 1,000 volts the transformer should certainly
show a cesistance of many megohms a1 2.000 volls between windings.
en the transformer bas beea checked for insulation and
conlinuity, its yoltage ratios can be checked. The primary is connected
through the suitable tapping (0 the A.C. mains, with al) the sccondary
leads well separaled so thal no two can short-circuit together.

Never check sccondaries by touching the leads together to
produce a spark — results are spectacular but impose an unnatural
strain on the primary and should the transformce have been wound
to close limits the high currents flowing witl probably fuse a winding.

Switch on wilh the primary only in circuit. After a slight thump
or click there should be very litle hum from the core, and a
appreciable noise indicates Joose laminations which must be \1ghlznc\I
Let the primary run alone far ten minutes and check for warming
up. Any temperature rise indicates either a lalally incorreet winding
size nr shorting 1ums in any one of the windings.

In cither case connect an A.C. voltmeter across cach secondary
in turn, and note the voltages obinined from cach. If rhey are all
low, and the transformer is heating up. it is likely thet there are
<horfing turns in the primary. If one voltage is low there are
probably shorting turns in that secondary aloné. Ao winding with
shorting turns musL be rewound but if the work Kas been done
prop:rly and good wire used Ihere is very litle reason for this fault
10 oce

Chcck the voltage on the H.T. sccondary from the cenire tap
10 ¢ither end of the winding—there should be no difference in the
readings, or at mast one of only ome of two volts. The heater
aanding voltages will be a littlc high but when the 10ad is applied
they will fall to their correct valne,

i the vonagm arc corrcn the transformer may be Apished and
coupled up, but a power test is advisable. For this, non-inductive
resislors of adequate waus ratngs must be used in the following
manner

The H.T. sccondary supplies 350 Vﬁ)ls al 120 mA's or.
disregardiog the cenlre tap, 700 volis &t 60 mA's, This is a watlage
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700 X 1,000

of 42, the resislance necded being R ot 11,666 ohms
which might well be made up of lamps whilst the L.T. windings
can be tested on load using a resistor of 20 watts ratiog, 2.1 obms
for the valve heaters winding and one of 10 watts, 2.5 ol ms for lhc
rectifier winding, or, of course, the actual valve heatess 0 be \u

The test should run for an hoar al lcast and the risc of b
perature of the transformer tested—in commercial practice it mlghl
rise by 40° centigrade, but this should be bettered.

When the tesling is completed the transformer can be finished.
If the core is clamped salisfactorily and the transformer is (0 be
permanently insialled nothiog more need be dooe but if the trans-
former is 1o be used (or experimentsl work the leads should not be
used for direct connections but should be taken 1o terminals, mounted
on paxolin in the form of a strip sccored by tvo of the clumping
bolts.

If the transformer can be mounted in an iron casc or cap, any
stray fields which might give rise to hum can be suppressed. The
old ‘casc of a choke or transformer could be used or even a heavy
tin. In this case the leads should be brought out through insulating
bughings or the terminal strip should be well insulated. Tlu, case
or can should not be allowed to touch the windiog at })o
both to assist in insulation and also to allow air to Cm:ulalc L'ely
for the purposes af ventilatio

in some cases the most ure:ome and painstaking work, that of
winding the H.T. secondary coil, can be avoided. The Lmnsformcr
can be made on a proportionately smaller core with primary and
secondary windings 10 feed the valve and rectifier heaters, the H.T.
being draws straight’ from the mains by using the rectifier as a
hall dr;wcc (Fig. 10b). This system is used extensively in
television des

The opcuuan of the power pack as a whole may here
vonsidered, with reference 19 Fig, m. where lh= transformer just
described is shown in its circuit, H.T. secondary his been
wound to_give 2 R.M.S. voltage of 350 which mean> that the peak
voltage will be 350 X 1.414 (peak value of a sibusoidal wave).

Thus the rectifier anodes will have peak voltages of 495 volts,
Ihe whole winding having a peak voltage across it of 990 volis and
even ufter the vollage drop duc to the rectifier is allowed for the
cpacitor. A, has a vollage across it well in cxcess of 350 volts —
probably 45D voits. Tlus cxplains why the voltage rating for this
capacitor is neeessarily high: a 350 vo{ working component would
soon f2il in this position.

The actwal value of the condenser in microfarads js morc or
fess of a compromisc for the final output vaitage of the power pack
depends to a great extent on the size of the reservoir. 1t il were to
be omitled the output vollage would be very low and as it rises in
capacily so the output voltage rises towards the peak value. Before
the peak voltage is reached, however, the condenser is cxcessively
large (and expensive), but morcover, it would be drawing very heavy
currents from the rectificr valve on each surgc or peak of the cycle
and the valve wonld soon losc ils cmission.
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®

FIQ.10 Rectlrier  Clreults.

Valuable protection to tho rectifier and transformer can be
given by inserling simple fuses in the circuit as shown in Fig. 10.
They can be of the flash Jamp bu)b type, with a curreqt rating 10
suit 1be load to be taken from the power pack with extra provision
for any surges that might occur as the condenser charges up.

High Voltage Trunaformers

It is uplikely that the amatcur will attempt the task of winding
a High Voltage Transformer such aa would be used to supply &
large aalhod: ray tube, but a few points of High Voltage practice
might be muchc upon.

Firstly, the peak inverse voltage across a typical television
ransformer rmghz reach as high as 10,000 volts, so that great care is
esseotial during testing to s¢e that no risk of touching any live
circuit is taken.

Secondly, the positive side of such a power pack is usually
earthed, so thai stmin is placed on insulation in many ways. For
example the primary of the transformer might easily be u cd vin
the mains; in such a casc the end of the secondary pearest the
primary would be the earthed end, thus preventing a I.uge pcluu.la!
differcnce directly across the insulation separating the windinga.

Thirdly air insulation ls often relled upon. At high volmgc a

trace of moisture wpon an insulating surface might xve rise 0
sparking or arcing which, whilc slight at first would rap dl become
something approaching a short circuit. For this e Iayen

of the secondary are not carvied (o the end cheeks n[ lhz former and
as the winding gmwx outward (rom the centre the layers are made
shorter, giving a pyramniu:al or u(eglped effect. In way. as the
potential above earth ri winding so docs the distance
between any carthed ob ject and lhe winding increasa.

P . tho pclemnl difference between the rectifier heater
winding and the H.T. windipg makes it necessary to have perfect
insulation between the vrmdmss. A separale heater transformer helping
in this respect. Metal rectifiers give very good results for catbode
ray tube power supplics.
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CHAPTER §

Low Frequency Clokes

The Low Frequency Chaka is vsed in the power pack to lter
out hum from the current supply, for intarvalve coupling and in
various forms of input and output ciscuits. Slightly different methods
of construciion are vsed dependent upcl:l whether the choke is to
carry direct current in the windin, as AC; mﬁurmver pack
for example, D.C. is flowiog wuls( m 2 pamllel intervalve
zoupling D.C. would be cxcluded by a blocking condense:

The effect of D.C. in the wmdm’( is 10 decrease the mcrcmznhl
ractice a laminated core is
used as in the trapsformer—so that the iron saturates more rapidly
zwd the inductanee of the choke s [owered, This inductance loss

only be partially countered by arranging 1o have a small air gap
buw:cn the sets of laminations in the assembled core.

For chokes carrying A.C. alope, therefore, the laminations are
mlcrlmvtd i are thosc in a transformer, but for a choke carrying
D.C. A.C. the laminations are asscmbled with the two sets of
slampmas one n each side—that is all the E's on one side and all
the Us opposite (or all T's together apg:mu all U's, whichever
type of stamping is used), and it will seen that mn the core
assembled in this maoner there wil) ba three air gaps, one at the end
of each limb (Flg i1). So far as the magnetic circait is concerned
even 2 tightly clamped butt joint acls as a small air gap, and for
Can’CapOﬂdl"“ly lzrger air gaps a ‘pim of thin tissuc paper may be
wserted between the end of cach fimb and the opposite laminations.
The caleulation of the cortect 4ir gap for any single case is rather
involved, however, and it i§ recommended that for mixed A.C. and
D.C. operation the gap should be dectded upon by experiment. As

Fig. Il Core for LE  Choke.
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a rough guide it may be said that the close bull joint will do far
currents of 5 or even 10 milliamps bul for higher enryents the gap
must be widened oy inserling a .G005” sheet of tissue o mare.

Chokes for Alternating Current Only
These are chokes 4s used for intervalve coupling, (one control,
bass boosiing. resomant circuits and audio oscillaters. wherever 1B
current feed 1o the valve is “shuned™. The induclance of the choke
is piven by:—

I % 100.000.000
where 1. is the inductance in henrys, N is the number of turns of
the incremental A.C. p\.rmcﬂblhly of the iron core material,
cross sectional arex of the winding limb in square inches
the length of the magnetic path in inches.

A safe figure o vse for , is 1,000 unless grealer information
aboul Ihe core material is avalhbk and 1 is measvred directly from
the laminations. A well-shaped core has the two outer legs only hall
the width of the inner or winding leg so that the magnetic path is
split cqually into two. and the Iength, 1, 1o be measured is the centre
tine of ONE of these two paths as shown by the dotted line in Fig. 1.

Example 1.

A choke to_possess an inductance of 100 henrys is to be wound
on the core of Fiz. 11, the dimensions being as shown.

Calculate the number of tirns and the size of wire.

| is_measured on the cofc along the pa\h shov.n and is 6.2
inches. The arez of the winding limb is .3” or @ square
inches. and as the ptrl\\t ability has boen taken as "a ]AW fgure there
is no real nced for the allowance 1o compensate for the hick-
ness of the lamination mm ation. The formula becomes, then,

32 % N2 w1000 X 8

6.2 % 100.050.000
or N2 = 24218750
and N = 4920 turns nearly, say 5,000 turns.
The winding space is .6~ > 1.3” and allowing .17 each way lol
2 former with end checks this reduces to an arca of .57 % 1.0"

100 =

1
.35 square inches. so wirc must be used which will wind — % 5,000
S5

s per square inch or 9090 turns per sq inch. Reference to
the wire tables shows that S.W.G. 34 enam. winds 10,000 turns per
square inch which gives a little room (or unevenness in winding.
The choke is finished in the same way as a taansformer. wilh
ntly clamped core and a tape or cloth binding to protect the wire.
Provision has here heen made for intericaving the windings
paper ac it is ualikely that any really dangerous voltage would
tup in such a choLc
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Chokes for Mixed Currents

Where the choke is 10 carry D.C. as well as AC. it wil
cely be possible 1o wind such 2 high inductance (shoutd it be
n:bdcd) on such a smalt core unless the D.C. component is practically
nt,gugublc In the first place the wire would nced to be of a heavier
Rauge (o carry the curent as well as to reduce the D.C. resistance
10 as low a figuse as possible. For example, it may be necessary to
nse 2 choke as the anode load for a valve for the reason that a
surtable resistance load reduces the anode voltage 1o too low a figure.
The choke will stitl present 8 high impedance to the A.C. signal
bul the D.C. resistance must be low or otheswisc the whole purpose
of the choke will be defeated. This means a thicker gauge of wire
and therefore a Jarger core. for Lhe number of turns must still be
high to_maintain the inductance and therefore the impedance to the
signal. The simplest way out of the difficulty is 1o measure the
winding space of the core 1o be used and choose a _gauge of wire
which when wound 1o fill the space \vnll give a D.C. mnsunoe
suitable for the permiticd voliage drop. This may be de
taking the length of an average tum on the winding limb. mn]hp!ymg
the number of turns given by the wire table by this length to find
the whole length of wire in the wlndlng. and then 10 check the
resistance of this length in the wire tables.

The length of the average turm is, o{ course, the average of the
tength of the first and Jast 1ms op the winding and may be measured
on the check of Ihe core supposing the average turn to be geomet-
rically situated at half the vanding depth.

Smoothing chokes also may be wound in this way. Choosc a
stilable core with a crass sectional area of at least 1 square inch aod
a window space of at least 2 squase inches and decide from the wire
1ables tbe gauge of wire which will carry the maximum current
safely, using a current density of 1,500 or 2,000 amp:res per oquan
inch. Enamelled wire is suitable for the winding and again
layers should not nced 1o be interleaved, the space whlch would be
used by the paper being of greater value if filled with

The gap can be rdjusied cxperimentally by auuwmg the choke
1o supply filtered D.C. 10 a sensitive receiver or amplifier. The core
clamping bolts arc loosened just sufficiently to allow the sets or
laminations to be maoved and the space between them is gradually
opened until the hum in the loudspeaker, with no signals and tne
gain control right ovt. is al a minimum. The gap can then be set
with a paper or very thin fibre packing and the core reclamped.

The lesting of insulation and general performance of the choke
can be modelled on the lines described in Chaoter 4.
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SECTION 11

CHAPTER 1
Chokes Carrying Direct Curreat

ductance

Chokes of this type arc_generally required for one of two
purposcs (1) Smoothing, and (2) Coupling In either case, the induc-

rma.ry is bascd on the impedance which it wilt bave ai a

is Wat of the
npplc 10 be ebmmaled in_smoothing, and for couphng chokes it 18
the lowest frequency required lo be reproduced,

The reactance of an inductance is given by the formula:—

XL = 2fL.
where « is 3.14, f is the frequency and L the inductance io Henries.
For a smoothing circuit, the condenser reactance must also be
known. and this is given by the formuta:i—
1,000,000

2AC

Xe=

where C is Lhe capacily in Microfarads.

U a smoothing circuit is required to reduce the ripple voltage to
1/40th of thal across the reservoir condenscr, then the required ratio
of reactauce of smoothing choke and condenser will be given by

Xe 1
Xe a0
Assuming an 8 mifd. electrolytic condenscr is 10 be used. then its
reaclance 1o a ripple voltage of ] yl:lcs (the predominant frequency
from a 50 cycle full wave rectifier) will be
1,000,000

—————————— = 200 ohms approx.
2% 304 % 100x 8

Therefore, the reactance of the choke must be 40 x 200 or 8,000
ohms. From the forroula. 8,000 = 2,100, therefore

8.000
= ————— = nearly 13 Henries.
2% 3.14 X 100

In the same way, the inductance can be calevlated for any given
dcgrn of smoo!hln

ling circuil. the inductance must have a given reactance

al lhc lowcsl rzqucney 10 be roduced (usvally taken as S0 cyeles

for_good reproduction, although other values may sometimes be

desired, see Chapters 2 and 5). This reactance is Usually 1aken as
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Bobbia Secuion
Giving windins
space §x L.
Atowing & far
Insutation over
winetng

Areas £ x5 0273 sqin|

equal (0 the valve's anode load impedance.

2 valve has an optimum load impedance of 10,000 ohms.
and js qurcd 10 handie down to SO cycles, the value of ipductance
required in a coupling choke will be

10,000

= ——————— =32 Henries approx.
2% 314 % 50

These values of inductance must pot be regarded as ohlzlnzble
10 great ncc.uracy, as the actual value for any given applied A.C.
voltage is dependent on the D.C. current flowing at the time. and
on the amplitude of the A.C. voltage. Because of this fact, it is
always good to allow a little in hand, so that performance will oot
vary (0o _rouch if operating should change, due to changes in maing
voliage. It would be well to design the cbokes in the above examples
© have inductacces of, say. 15 and 40 Henries respectively.

Current and Volt Drop

The direet current 10 be carried by the choke will be fixed by
other considerations. Ip the case of the smoothing choke, by the
fotal current to be taken by the set, and in the case of the mupl::s
choke by the anode current of the valve. As well as being requi
to give the required inductance at this eurrent, there will usually be
an additional requirement that the choke shall nol drop more than 2
ccnam vullag: .C. across it, due to its resistan

c now have three factors, which rovghly dcl:rmme bow large

the chok: must be physically. These three factors and the size do
not have some simple relation, such as that the size of the choke
in. say. cubic inches, is equal fo the inductance X current X volt
drop. For this reason, Tables 1-5 have been prepared (o give 3 quick
means of finding a suitable design.

Cholee of Stampings

cre are available, from different manufactrers, hundreds of
different shapes and sizes of laminations which could be used for
chakes. Somc are definitely wasteful 1o use. as they would require
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a heavier or more bulky design to mcet cerfsin requirements. The
shapes shown in Figs. 2, 3 and 4 arc good sbapes (o use from the
viewpoint of oblaining any required values of inductance, current
and_volt drop in the smallest or lightest possible design. The shape
at Fig. S is that known. as the “waste-{ree” (for further details, sce
Chapter ). This is alto & good shape, especially in the larger sizes,
and has the additional advantage that it is often cheaper than other
sbapes. In the smaller sizes, the dindvama‘ﬁ is thar much of the
winding space is taken up by the bobbin. duc to the shape of tbe
“window™.

There is anolher factor which may influence the choice of
taminations. If there is to be a large A.C. voltage across the choke
(such as there is in a choke for use between the rectifier and reservoir
condeoser). then with some designs there will be a loss of inductance
due (0 the fact that the iron core will be saturated with A.C.. over
and above the effect dus to the D.C. A good design for such a case
employs a shape such as that at Fig. 2 or S, and preferably a fairly
large stack, or thickness, of laminations (i.e., if there should be 3

oice belween, say, a 17 stack of one size, or a larger stack of 2
smaller size, then Lhe latter would give best results).

.

2
/
/

Use of Tables -5
The first table gives a range of 36 different designs. all of which
wound using a 14" slack of laminations as shown at Fig. }.
allowing for a bobbin made of material 1/16th” thick. There are six
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differem values of induciance given for each of six diffesent values
of dircct curmem fowing. These necessitate a number of diffesent
wiadings. of which 1he turns and resistance are shown in the table.
The D.C. Vol Drop is also tabulated for convenience.

If the valve sﬁ(\uld he ouiside the range covered by the 36
given. then it may be_obtained with the wd of the fﬂclun at the
boitom of the table. Two cxamples will best illusirale the vse of
these factors:—

Example 1.

An nductance of 200 Hennes ar 5 milliamps is required. In
tbe table is shown a value of 20 Henfies at S0 milliamps. The hclor&
at the botiom show that if the inductance is multplied by
(bullom line). then the resistance 1nd voll drop will cach be muluphed
J the (ucns required by Thus, an inductance of 2
cnncs at 50 milliamps will lmvc x (cilslﬂnoc of 250 x 32 uhms‘
or 8.000 chms. giving a volt drop of 12.5 X 32, or 400 volts, and
requinng 1,600 X 5.6. or 20000 wrns. approx ow, from the
previous line. it is shown that if the current is divided by )0, then
the resistance is divided by 10, an the volt drop by 100, the tums
mquucd being divided by 3.2. $o the inductance originally rcquueu
of 200 H at s milliamps. will hnv: 2 u-sAsmncc of 8.
or 800 ahms. giving a voll drop of 4l 100, or 4 \-ul|s. and
requiting 20,000 < 3.2, or about 6.300 lums

'_T

Example 2.
To design an inductance of 1 Henry a1 1 amp. on this core size:

In the 1able an inductance of 100 Henrics al 10 milliamps is given
as having a resistance of $50 ohms and requiring 5,300 tros. | amp.
is 1.000 ‘milliamps. or 100 ¥ 10 mA. From the factor given. if the
current is multiplied by 10, then the resistance will be 10 times, using
3.2 times the turns. So, if the current is multiplied by 100, then the
resistance will be 100 times. and the turns will need 10 be 3.2 x 3.2
or 10 limes. As the inductance is to be divided by 100, the resistance
due 1o this change will ke divided by 32 X 32, or 1.000, and the
turns. r:qvnrtd will be divided by 5.6 X 5.6, or 32. Thus, the values
iven in the able for 100 Henries at 10 milliamps ean be converied
into thosc for § Henry at 1 amp. s follows:

Resislance = $50 % 55 ohms.
1000
10.000
Vol Drop = 5.5 x - = 55 volts.
1.000
10
Turns = 5300 X — = 1650,
32

Thus. it js seen that the table can be nsed 1o find the necessary
value of resistance and turns 10 give any inductance and direet current
on this core size. 1f the resistance and voll drop are of a suitable
value. then this size conld be vsed, if laminations are available, and
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when the coil is wound, k is necessary to find the air gap requircd
from the tables in Chapler 4.

1f he resistance or von drop obtained in this way is either (1)

unncws.mly low, or (2) too high, then un appropfiatc core size
may now be chosen dlrcclly {rom rc[r.n.-ucc to one of Tables 2-5,
which list a variety of shapes, si and slacks, together wn ]

factor showing the relation bnmn resistance and turps for a
on this size as compared to hat having the same inductance a| 1
same D.C. on the size shown in Fig. 1, and tabulated in Table 1.

It will be realized that it is unimportant whether the laminations
1ake the form of E's and Ts, or of T's and U's. so loog as they fit

together 1o make approximaicly the shape shown. If a stamping is
availuble which does not fit “all the gdimensions shown, the best
method is to see which shape it most pearly rescmbles. This can

readily be found by holding a )ammahun in one hand and this book
in tbe other, and by holding them at different distances from the
eye so that the outline of the lamination and the figure in the book
appear the same size. Tt will then be casy 10 see which of the
four shapes given most closcly correspond to the actual stamping.
To find the stack required, use the resistance factor column to
find what stack of the given shape whose dimensions B and C most
closely correspond with the actual stack which is required.  Then, to
find the torns faclor, use the size whose dimension A is the same
as the actuzl stamping, and of the same stack as ncarly as possible.
Generally it will be scen that when the shape which is nearest to
the actual is fovnd, the size as judged by the neasest correspondency
of dimensions B and C will also give the right value for dimension A

Example 3.
Continuing the casc of the 200 Henry S mullmmr inductance of
Example 1, suppose_that a 4 volt drop is unnecessarily low. Assume
that a drop of 20-25 volis ean be allowed. This means that the
resistance and_volt drop cun bc 5 or 6 times that of the design
given on the size of Fig. 1. From Table 2 we find that a lamination
of this shape, having overall dimensions 1“ x 137, will give a design
having & volt drop of 5.5 X 4, or 22 vohs, using a 1” smck Or a
larger one of the same shape. I\avmg dimensions 14 % 2 3/16th",
and §” smnk gives volt drop of 4.8 x 4, or nearly 20 volts. Using
the shape of Fig. 3, from Table 3 we find a size having overall
dimensions 2 X 13" and stack 4", which gives the same drop. This
would obviously be the most compact size lor ms pamcular Jesign.
There is another alternative in Table 5, u: 3 §” stack of a
g outside dil ions 1 9/16111 x 14", and giving
a volt drop of nearlf 20. 1o cach case the number of turns cequired
is calculatcd by multiplying the factor \n xhc Turns Factar column
by the number obtained from Table I,

Example 4.
Conlinuing the case of the | Henry | amp. choke of Example 2,
suppo:c that 55 volts much too great, and that a limit of $ valts
has been set. Then a_s ust be chosen which gives a division
faclor of 35/ or 11. The |urgm size on Tablc 2 gives 14; there are
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TABLE NO. 1.
Valuas of Currant and Jaductanca for
Chokn 10 Dimannions of Fiura !
P lnductance | Resistance | vatis Turn,
anel finins drosped
30 1o ' 2800
50 200 2 3200
1o 70 350 a5 4100
100 350 5.5 5300
150 1900 10 7300
200 1600 16 @000
0 30 0.5 1200
ts a0 0,75 1600
15 20 75 [ 2000
v 140 2 2700
50 300 as 1960
70 500 7.5 3000
© 35 0.7
Is 65 [
20 20 100 H
30 180 16
50 400 a
70 550 0
10 FeY r?
is 120 3
30 z0 150 4.5
30 270 8.
0 500 18
70 1000 30
10 2 a5
15 160
60 20 280 128
30 450 23
80 1000 50
70 1600 "o
i a5 5
k] 73 s
70 10 120 'K
is 230 16
20 350 24
30 650 5
x -
+10 - +10 +100 +8.2
fio 1z 132 f50
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TAB 4
Veluas of Hesigtance ana Tutns compered to
Inone in Tahie No. 1 for corew siapes as
3 migure 2.
Dimonsions Winding Cora T Resiwtanca
te Figure 2|  Ares Stack Factar
A 6005 _[ s
e A i, A4
x i
F+y o 4 i
A ca. in. 2
1}
Ao - s B
[} e L
o e i .
At .55 "~
B T I BT
c - 2 L N
At 0.92 1=
[T s
€ - 24" 24
rENTR e
375
B | wnA] e
coy " 3
TARLE WO 3.
o Resistanca and Tuens comparsd (o
‘hase 10 Table No. 1 fac cores anaped o
st Elgure 3.

Oimennions Winding Resimtance
to Figuce 3 aciar
A x 4.8

5 0.33 =4
c sa.in. SN
x I
s x 1.4
L) + 1.1
Aot x i
B an 17
cai- S

A 1e

§ide 10

S« e i

A

B

- ai-

Ao 3.

B - za.in. 20
C o= Ay 0
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TABLE X0, 4.

Values of Reslstance and Torns comparsd
o those i Tabla €. 1. (4r Gores
shaped a3 aL Figura 4,

Bimansinnn | Winding Core Turno Rosiatance
o Figure 4 can Suack Enctor
A ) i
8 - 21" ag. dn. 4
c -2 I
-
RS 1,65 <
B - 327167 aq.in. -
c - zi- e
Vi
A - s v
B - 4it 2.4 N
c -8 ea. in. N
ai-
A I
6 - 5t a4 1
c - sc.in. e
i
r 1
6.6 ] 1"
wa.in. 24
L 34e
ADLE RO,

Vsluaa of Reslutances and Turns co
thote fn Tablo Ko. I fap Ceres ahapad as
it Riguro 5.

Dimencions | winding Cors

Lo Vigure 8 Ares Stacx

A 4

2 1=

< -

A

© -

c

A

B

c iy

» IN

B - 13-

c ar

A

B

<

A 1in > ot + 7
o ats + 1 “n
c 3= * 2.3 15




COM. DESIGN AND CONSTHUCTION MANUAL

two_in Table 3 that give L}, onc in Table 4 tbar gives 32, aod one
in Table 5 that gives 11—a choice of five sizes. As this is a large-size
choke, the Lest shap: is_the “waste-free”, giving a 24" stack of
laminations 34 % 44”. The twros required will be §.650 + 1.9, or

ut 500,
ch Fur |he_ methed of finding wire gauge in these examples, sce
apter
As w:ll as the varjation of jnductance mentioned already ax
due 10 varialion of current and A.C. voltage. the D.C. resistance
annot be cxpected to conform tu close limits eitber, Lecause of
slight variations ip wize gauge (rom the standard.

CUAPTER 2
Joter-Vaive Teansfonners Carrylng Direct Current

Priovary Inductance and Resistance.

Tables 1-5 may be used to find 1he induclance of any given
number of turns on the sizes given, but the resistaoce calcalated from
these tables will be increased, and with it the volt drop.

Suppose that the primary camxsu of 3.600 turns on the fourth
oize lvsled |n lablc L i€, a £ stack of laminations with dimensions
A " C ll~" (sce Flg 3), and that the primary currant
is 10 ml” II\P\ Frem Table 3 we sec that 3,000 tumns is Zfa times
a5 many us would be required on the size given in Table | to have
the same inductanice at the same current. This means that 3,600 + 2.4,
or 1250 turns wouid be required on this larger size. Now, referring
to Table ), at 10 milliamps |erc is o number of 1wsns as low ac
1250, bul the factor at the bottom for multiplying or dividing the
inductanice by 10 is 5.6, Muluply, 1.250 hy 5.6 gives 7.000 turns,
which does a1l within m-. ange given by the rable. 5,300 1uras give

inducrance of 100 Henrice ai 10 mA.. snd 7300 wms give an
ductance of 150 Hrvv 1 10 mA.. so 7.000 ¢
induciance of about 140 Hu\nu 1 10 mA Now. dividing by 5.6
this means that 1.250 turas on Ims size, or 3,000 turns on the aclua]
size, will give 14 Henries at 10 m

As a chr)kl,. the 7U~pﬂ-lur|\ wnuhng would have a rc:lxla!\::
of about 500 chms (sec Table 1. between 550 and 1,000, for S.300
and 7,300 turns respectively). By th achvr at the bottom of T
the revistance of the 1.250 torns wil! 32 = 28 oh
From the resistance factor in Table 3 for the actual s

¢ an

6 ohms. Bui. in this case. the primary will only occupy

If or ;uh"ps ‘one-third of 3

that resisiance will be increased 6 or threc fimes. to 112

ar 168 ohms. This. then. allows the rcn' ning one-haif 1o 1wo-thirds

ol (hc space for the secondary. If a very high slep-up is used. needing.
ry large number of turns on Ihe secondary. then even fess than

ane-third of the space may have 1o da for the primary.

ize.

vizas siown in the 1biss, the onc alccady mantioned is
the best for an inter-valve (ransforiney {or direct coupling. It gives
the greatest possible step-up in any given inlsr-valve grcuit, consistent
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with a balanced (requcncy responsé. U a xmall:r size is used, then
cilher step-up roust be sacrif ﬁmd or the frequency band will be
higher up the scale, giving a “thin" qualit rtproduclwn M a larger
size is used, then again step-up must be re utcd or clsc the frequency
band will be moved down the scalc, giving a “woofy” reproduction.
Cholce of Ratio and Torna.

The response curves shown in Figs, 6 and 7 show various shapes
of the frequency response obtained with the ratios and tums given
in Table 6. For all these curves, Lhe design is taken as being for a
transformer 10 work with a valve baving an anode current of 10
milliamps, and an anode impedance (not the optimum anode losd)
of 7,000 ohms. This would be 2 (;;piml medium slope triode.

In Fig. 6, the samc ratio js achteved with three different numbers
of wrns. Curve AA is Lbe result of using 4.000/12,000 wms; curve
BB with 3,000/9.000; and curve CC with 2,000/6,000.

In Fig. 7, different lums rnuos are used. having the same number
of secondiry torns, 12,000. Curve AAA is obtained as in Fig. 6, for
2 3/1 using 4,000/12,000; curve B 5 for rato of 41 using 3,000/12.000
furns: curve C for a ratio of 5/1. using 2,400/12.000 turns; and
curve D for a ratio of 6/1, using 2,000/12,000 turns. In this case, it

| ] Lol |
r e <]
a8 =
|| A
o] -
e e m 55308 o HGs 158 T oncs
Prequaner. epe
kg 7
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will bc seen that increasing the ralio narrows the frequency band,
but that il is kept balanced about a mid-frequency of aboul 600 of
700 cycles. For reproduction of music this is 2 good ideal,

To enable (e information given in these curves to be applicd
o other cases when olher lypes of valve may oe used, the column
“referred impecance” is given. This is simply the anode impedance
of the valve multiplied by the square of Ihe lurns ratio. Any other
transformer will have the same shape cut-off a1 the high lrequency
end of its response if it bas the samc number of secondary turns.
and the same referred impedance as thal given in the lable. The
shape of the cul-off at the low (requency end of Ihe response depends
upon the primry induetance and he inode impedance of ibe Valve.

ated in Chapter |

Example $.

ro estimale the best ratio and turns for use with a valve havigy
aq”uodc impedance of 2,500 ohms and an anode current of 20
milliamps.

The widest frequency range is obtained wilh the use of 12,000
turns on Ihe secondary, and wilh a referred impedance of 63.000
ohms gives A response cul-off at the top ond as shown in curves A
(Figs. 6 and 7). To make 2,500 ohms refer as 63,000, the square of

63,000
the wros ratio must be —— ot aboul 25/1. This gives a turns
2,500,

wtio of 5/1. Then the primary tums will need to be 2,400, Usin

Tables 1 and 3, as_before, this winding will have an inductance

about 6 Henries with 20 mA. flowing. This makes the cut-oft Ircquenc)

at the low end that at which 6 Henrics bas a reactance of 2

ohms, XL »5- fL, e, 2,500 = 2 X 314 X 6 X f. ll\:rcforc
2.

—— = 65 cycles, approx. This means that the poimt
2xX314¥6
where the response is 3 dB down from level is at 65 cycles. Curve A
siows this as 50 cyeles.
is case, usmg a 5/t of 2,400/12,000 wiH give an L.F.

response Dot q\me 5o good as that in curves A, while the H.I.
re: panv will be identical. Using the same turns on the nexl size
ack of the next larger laminations listed) will have the effect
of bringing the whole response down by a ratio of aboul 5/6. This
will 2bout balance the frequency respone.

TABLE NO. 6,
Conditiona raguirad tor ronponie oarvar

sn_Plaurno 6 4 2.

Ratio Primanry | Sacondscy | Roapunes | Refurrad
Turna Tuens Curve Impadancs
an 4000 12000 a3000
3000 q000 s3000
2000 6000
3600 12000
12000
12000
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Example 6.
To W arrangement lo use Wwith a walve having
10,000 ohims, and o anods carrent of 5 mA
reference fmpodance, the square of the retio
: s oives o ms ratio of about

\e pramary wrns would be 4,800,

To work out the primary inductance, zs before; 4,800 tums on
the best size s already stated have the same induciance for the
same currenl as 4,800 - 2.4, or 2,000 wrns on the size of Fm 1
There s no seotion of Table 1 for 5 mA., but there is for S0 mA.,

and the factor ai the hotlom shows that multiplying or dividing
current by 10, mulliplies or divides tums by 3 the same induc-
ance with 50 mA. instead of § mA. would need 2000 « 3.2, or
6A0G s, This closely correspands with the figure IO' 50 Henries,
and the error introduced by assuming that 4,500 tume on our aclual
aze will prodice an indu of 50 Hearjes aL § mA i q\nle srnau
To find the 3 dB frequency: 2:fL: 10000 = X f %
10,000

or § = ——————— = 32 cycles. This is rater better than

3

2 X 304 % §

necessary. und it vill e found lha( an inductance of Jz H will
bring the 3 4B point 1o 50 cycles. W back, we find this needs
less than 4.000 trns on the aclual pnmm/ 144,000 tum
the miio is 31, and the referred impedance will be 9
90.000 obms. This wiil give a FLF. cu

e
Titte
balancy

Method of Winding and Conpection.

With any_inter-valve transformer it is important to kcq) the
winding capacitics to the lowest possible figure, as these introduce
further 1oss of high frequencies. The secondary, being the windmg
at the hightest )mpcd:m;c is the most important in this respect. For
this reason the following method should be adopted:

The secondary should be wound on first, so as (0 bave the
smalles! diameter. and the inside, or start, of the winding should be
the end which is eventually conmected to the grid of the next vaive.
This means that the outside, or fimish. will be connested dither to
the erid bias or carth.

After insulztion has been placzd hetween windings, the plvmar-/
will be wound on. This may be of the same or ir
from the secondary (see anpm |l)) The imside, or start, shou be
connected to H.T. supply or decoupling, while the outside, or fin
of this winding should be connected to anode.

This practice eill a\w’\v\ e found to give the best resulls.
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CHAPTER 3
Ontput Transformer For Single Valve

Turos and Lmpedance Ratio.

The purpose of this lypc ur transformer is lo malch the impe-
dance of a . or group of o _the optimum
toad of |hn valve. That s, (h: transformer has the cﬂ'ea of trans-
forming the impedance of the speaker so that the impedance which
@ presents in the pnmary winding is oqual to the optimum load of
the output valve,

[t is well known that the impedance ratio of a transformer is
equal to the square of the tums ratio. To assist in calculating onc
ratio from the other, a table giving numbers and their squares in
reasonable <teps is included in Chapter 10,

Impedance)Turns Relationship

This depends nn the D.C. current flowing in the pnmary. on the
size and shape, and on the lowest frequency required. To make
caleulation easier, if the aciual D.C. current flowing in (he pnmiry
is referred 10 @ theoretical 1,000 ohms winding, then the ms for
such a winding can readily be found, and from that the turns in the
actual windings determined. Using this reference. the current in this
winding will bear a relationship 10 the maximum output power which
w-)ldva(y very little. altbough widely differem lypes of valve may be
use,

Table 7 gives o series of reference fignres. For each value of
current referred 10 1,060 ohm winding. is given twa ﬁguns for the
turns in a 1.0C0 ohm winding: one for general use. giving a low

equeqcy cut-olf of SO cycles; and the other for special usc when
a cireuit'is used for speech only, giving a low frequency cut-off of
200 cycles. For cach value of current is given an approximate ﬁuure
of maximum output. This may be found useful if some of the
data is not obrainable (c.g., the optimum load). For cach value of
current and cul-off is given the approximate percentage loss duc (0
winding resistance.

Chalee of Size.
The figures in Table 7 are for the same core dimensions as those
shown in Fig. 1. In practice, for an ou(put Iransformer it will be

betier from the constructional viewpoint if the stack is less than
wwice the A dimension, preferably equal to it The chief factor in
determining size is the amount of power that can be allowed as loss
in the transformer. The appropriate loss hctuu for other sizes may

he found from the figures given by multiplying or dividing by
lhe Resistance Factor given in Tables 2-5 for the appropriate shapc
and s

Having choten a suitable size, the number of turns for a 1.000
obm winding can be found by use of the Turns Factor in the same
uble, pplied th the value given in Table 7.
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Example 7.
Caleulate the wrns required to matck a 15 ohm speaker to a
valve having an optimum load of 4,560 ohins, und an anode current
of 48 mlllmmp‘ lnr general use on music and specch. 1t should be at
least 90% effici
i 48 mnllmmps are flowing in a winding of impedance 4500
ohms, then the equivalent in a 1.0 ohms  winding  wil
/4,500
48 « / —— = 100 mA. approx. From this valuec in Table 7 it is

seen that on_the size shown in Fig. 1, for a 50 cycle cut-off, 1,300

turns for 1,000 winding mvu’ a loss of

[o have zl least 90% efficiency, the loss must_be at most
90 = This means that a sizc must be chosen with a

n;, RcSlS(ﬂ‘lC\. "Factor of at least 1.3. The following sizes satisfy

Tasio Staex Turna,
No Factor
2 N 2- N vz
3 n-| s 2| 1 x4
“ it sonetiage| e x 2 <
5 = | 3° b e v .2 +1

1 will be noticed that there is lile difference in size, and
therelore there is not much to choose as 10 which is the best to
use. Assumc that a size snmllar lc Ihc one [rom Table 3 is av;
then  the Ius. Il be %

100 — 7.6 = 47%.. The lums fnr a IOOO ohin winding wlll h:
l4 7 1,300 = 1800 approx. Then the turns for a 4,500 ohm

o J =%
winding will be 1800 # m = 3,200. The tums for the 1S ohm

15
winding will be 1,800 % J — = 220.
1.000

Thus the wansformer will require a primary of 3800 twrms and
a secondary of 220 turns.

Exaraple 8.

The only de ils known about an output valve are that with
450 volts H.T. il should give about 12 waus output, taking an anode
curcent of 120 milliamps. [t is required to match a hesn type speaker
for use on speech only. wnh an efficiency of abour $0%. The speech
coil impedance is 4.5 ohm:

From Table 7 it Is sc:n that 12 wails co:r:sponds to a cursent
referred 10 a 1,000 ohms winding of 200 Th;: aclual corrent

is 120 mA, so the optimum load must be 1,000 X e = 2,500 ohms.
I

Also_the loss for a 200 cycle cut-off 1ype on ihis size is only

4%. As the cfficiency is only required to be 90%,. the lass can be up

to 10%. This means a smaller size can be used. ‘Which may facililate
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fitting the transformer jnto the horn housing. Thus the resistance
Egln be multiplied by 2.5 (but not morc). It will be seen that a
37 stack of the same Jamination will give a resistance factor of
X 23. An aliernative is found in Table 5. using a 1” stack of &
similar size. In eithe i 1
of turns in this casc will be the same whicbever is chosen.

~From Table 7 the turas for 4 1,000 windiog, are 650. So for this
size the turns will be 1.7 % 650 = 1.100. The turns for 2 2,800 ohms
00

winding will be 1.100 x v = 1.850. The turns for Ihe 4.5 ohm

1,000
. . /45
winding will be 1850 x = 74. The ratio in this case is
2.800
1.850
— =251
4
TADLE NO

7.
auhip ter Couro of
1.

Impadance/ Turne Kalatlo
Sive wnown in Flzuts
Tarnz tor | Serien |[Turns Iup( Seriaw
100U anmul _toas {1000 onmsl tows Mrx,
bomer
wms. 3 oycle o 200 cycle cut-ott
50 00 7% 210 (5 Bonm W
70 1o 5 380 1.3 1w
100 1304 13% 450 % Tw
150 1600 20 550 3% ™
400 1900 28t 650 4% 12w

pecial Precautlon for 200 Cycle Cut-off.

Whaen an amplifier is to be used under conditions reyuired 10
operate a loudspeaker having a 200 cycle cut-off (ie., a homn type).
there are two precaulions necessary: (1) To see that no signal ot
any considerabl amplitude teaches the speaker. This is to prevent
damage to the speaker itself, or the introduction of distortion by it.
due to receiving frequencics which it is not designed to handle (21 To
see that no signal of a lower Trequency which may be present in the
amplifier causes distortion ta (requencics which do reach the Joud-
s
This sccond requirement means cither that the outpot of the
amplifier must be correctly malched at these frequeneics although
arrangement is made so that they do not reach the speaker. or
that arrangement must bc made to ¢nsure Lhat these frequuncies do
not reach the output stage of the amplifier.

Chapter S shows a way in which maiching can be maintainzd
wilb a push-pull stage olllﬁul by meuns of a series condenter. but
this is not applicable to the cases considered in this section. it is
therefore necessary, when using a 200 cycle cut-off type, to take steps
(o ensure Wbt there is a similar cut-off in the amplifier. somcwhere
before the oulput stage. This should take the form of a cou'phng
condenser whose impedance at 200 cycles is ¢qual o that of the
2rid teak following it

18



CHAPTER 4
Air Gap Deternisation

Wilh cach of the types of companent considered jn Chapters
1-3 there is D.C. flowing in one of the windings which has a tendency
to saturate the iran corc. For this reason an air gap is cmployed.
insicad of Jaminating the translormers in the manner required for
types cansidered in Chapiers 5-7.

or any given case. loo small an air gap will sesukt in the
magnetic flux due o the D.C. component producing saturation, while
100 large a gap will cause loss of inductance because of 1he magnetiz-
ing current necessary to drive the A.C. component of flux across the
air gap.

“The chief factor which determines the best air gap for uny given
example is Lhe total effective D.C. magnetizing force, which may
expressed in ampere-turns—ihat is to say. the current in amperes
multiplied by the turns in (he winding.” The type of transformer
iron used. and the length of iron path (sce Fig. 8). both have a sight

Iron Path
Length. )

7

Fig. 8.

eficct upon the best gap. and on the resulting inductance, As the
ot of ifferent ron e so slight, the use of more expensive irons
it not considered worth the cxtra cost in general, so the only iron
considered here is ordinary grade transformer iron (usual lamination
thickness akout 0.0167).

All the figures i Chapters 1-3 for Curren: and Inductance assurme
that the air gap is adjusted to thc best size. Table 8 gives the
approximate gap lengths for dilferent valucs of ampere tums. Only
two values of length of iron path are shown, as this has so little
effect. and so practical values will fall between those showm, wihich

b
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are respectively smaller and greater than all the sizes of lamination
listed in Tables 2-5. The length of air gaﬁ given is hAI[ the total
required air gap, because generally, with either T and U, or E s0d [

type laminations, there will be two gaps in the iron circuit. If &
1ypc is used which only wtilises oncuf.ap in lht: iron circuit, then
\wice the figure given in Table 8 sho

o gaps listed include very smal) valur.s. w)n:h can in practice

only be obtained by squeezing the two sections of laminations
together without any gap spacing material. For larger gaps, pieces
of insulating materjal of the required thickness may be inserted in
the g,aps 1o maintain uniform spacmg of the whole cross section of
the cor

lf Aqulpmenl is nvan)ablu 10 test the component for inductance
under operating value of D.C. current (as ontlined in Chapter 9).
then the values given in Table 8 will give a good starting point,
which will usually be found within a close percenlage of the actual
optimum. Dcvmxons will generally be due lo practical vaniations
on account of difficuities in clamping up. If such equipment is not
available, llu.n carc should he laken to produce as near to the
specificd gap as is Eomh)c making slight altowances if the edges
of the Jaminations should have been s lxg,hll{’ buried in stamping.

To give examples of the use of this table, and to complete the

cnmnles given in previous seclions, those num are listed
opposite. with a repetition of current flowing und lum
CHAPTER §
Push-Pul) Output and Loudspenker Transforners

Choice of Skee.

For_this purpose the best shape is lbm known as the “Waste-
frec”. The dimensions arc sv.( ~out in Fig. 9, referred to the width
of the centre limb. The smy m shows the way the Inminations
are stamped from the sh::( $0 0 waste portion. [t wil

seen thal this method of cuumg can only be employed to make
aminations of the E and | type. However. from the point of view
of efficiency. frequency band. etc., it is obvious that a core of the
same shape construcied from laminations of the T and U type will
be cquﬂl) goodl.

Table § pives data for a series of casily obtainable sizes. in
different stacks. It shows the tums for a 1,600 winding which give
a transformer of maximum cfficiency at a {requency of 400-1.000
cycles. The section headed “Maoximum power. Watts”, shows the
maximum power that can be handled by the transformer under this
condition at two frequencies, SO ¢ and 200 c. without inttoducing
serous distortion. The figures in the SO ¢ column in brackets are
5o shown because they cannol be applied at that frcqucncy under
maximum mid-band  cfficiency condition, because lhey are below
cut-off. and hence the inductive toad on the output valve would
aroduce distortion by mismatching. Howewer, if appropriate faclors
rrom Table 10 are used 10 reduce cut-off to 50 cycles or below,
the corresponding factors from Ihe same table may be used to
obtain the mmmum oulput at 50 cycles in conjunction wm the
figures in brackets.
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TABLE NO. 8
Alr Gupa for Componants Cannying B.C.

AIR GAR

ausatizing
Ampore-cusng iren Path Langth | fran Patn Leagth
2 inche. 26 incha

n 9,60033~

e 10 shows how increased power and a lower cut -off ryc
quenc: y be obtained when the impedance/turns relationship is
|ncrc2§cd dhd\ﬂ_ the figure given for apy size in Table 9. together
with the increases in losses, from which may be deduced the efficiency
obtainabic
The factors al the bottom of Table 10 sbow how the figures
@ be improved by the use of Radiometal taminations mitud of
standard transformer iron
de signs, of both Class A Push-Puil Output and ).oudspeaker
matching transformers. the total winding space occupied by the
primary wmdms should be approximalely cqunl to that occupied by
the secondar,
F()r ‘my |ypc of Q.P.P. oulpul stage, the most efficient disposition
spice is when cach half of the primary occupics about
0% of the apace. nd the wcmndary occupies 40%. Under this con-
Iinn the figures given by Tables & and 10 have 1o be modificd
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Alternate

itaie so that

| [rewts et
| Contect between
JE %1 portions
i | 40 not colacide
!

in adjocent
pairs.

slightly. For maximum cﬂ'cmncy at mid band, the turns for 1,000
obms should be divided by 1.1, the maximum power in walls ﬁf\“
reduced by 1.2, and the mid band losses increased by 1.2. The
cut-off frequency will also be multiplicd by 1.2.

Fig o

200 Cycle Cut-off Malchin,

With push-| Full ype uulpuLs the author does not recommend the
incorporation of 200 cycles cut-off in the output (ransformer. If it
shovld be regarded as essential to_do so in order o save space,
then the precaution mentioned in Section 3 must be observed.
preferable method is to incorporate the bass cut betwesn the output
transtormer and the mau:hmg transformer by means of a series
condenser, which should be chosen so that itz reactance at the cut
oft frequency is equal to the load impedance referred to that point.

Anoge. HY centre
e g
celisg = Sciondar
vop ;7 Secondary ¥ s
< .., ‘Ancde 11z Primary A
p o Primery i IS A
nose LY, V4 Primar
@ Anoge 7 I3
&
Fig 10
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Methods of Winding 20d Connection.

For the smallee size push-pull outpui wransformers. the best
method of winding o prescrve a good balance at the higher fre
quencies is (0 wind oge half of the primary beforc. and lhe othet
half after. the secondary. The two zmﬁ of these two windings whicn
are adjacent 1o_tbc sccondary arc then connected together 1o form
the centre tap. This method is shown diagramatically au Fig. 10a.

For larger sizes., and cspeciatly those intended for Q.I.P. type
output circuirs. closer coupling of the windings may be considered
necessary. The method of winding and connection shown at Fig. 1db
has been proved to give very accurale balance indecd at the high

TAn R NA,

Torpenanes/Tiens e lntionanin, Maxfmum
Fowor and L.F. Gut-0fl for Maximum
Viticiency st Mid-Haud Candition
Turawlon] N aximom Pewar |Nde |1,
Aumenminn 4 Goca |00 watis PR R
ieure 9. [Steck] one onrea
B s ohs T eimild 1o,
= 76 24 10,62 o
1- e | sbo s6 | = a
1= | s00 a1 a3 i
‘ 270 C2) "o wh
N - 870 izl ton o
a 500 “r a7

1]
Turns Maximum [ Mid-tend N
Pawar lossen | wut-oft
x x x -
125 1.8
Factors 15 L
far tuens 173 3
Petsrrod 2 N
2.3 025
s a
3.8 2
4 I

Foctor tor
changa to
Ractumaal -3 xz.3 .7 squal
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frequencies. Some authoritics d

using a divided bobbin, $0 as o maifiin gaometnnl Symmotry,
The arrangement here shown maiotams fust as good c.ludncal
synuretry, with a far simpler winding wanecmcm. and gives a
wider frequency response band far a given size and complexity of
design. The sccondarics are shown as two windings connected in
parallel. This arrangement preserves n\e best balance, especially if
secondary has a fairly high I the y
is_quite low compared to the primary, then a scm.s arrangwmm
will serve cquully well, when tbe junclion can be vsed as

12p, ,md cmh

tching . a simple
with lhc primacy and sccandary h in only one section) is adequate.
It is not important in this casc which winding is nearest to the
corc, so the order of winding may be determined by wnv:nm\ct
from the point of view of the panticulas wire gauges 10 be use

Example 9.

A push-pull amplifier giving an outpul of 10 waus, with an
anode to anode load of 4,000 ohms, requires an output transformer
with an_efficiency of about 90% 1o match it 10 a 10 ohm speaker
for music and s

A 17 stack of 17 was larainali operating at
mid-| hmd cfficiency has 8.5% losses and 2 cut-off of 65 Lyclci 11
lhe lum\ arc mulhp)\gd ? "1.25, then the mid-band losses become

X 8.5 (or an efficiency of %0.5%). and the cut-off becomes
65 15 = 4] :)r.ics Thus tbe maximum output at 30 cycles cun
now bz 1.5 watts. winding for 4.000 ohms will require
/ 4.000

a totl of v ——— X 960 or 1920. The wrns for a 1,000 winding

000
will need 10 be 1.25 %720 = 960. A turns. and a winding for 10

!
ohms will reauire v —— X 0G0 = 96 inrps. Thus the winding
1.000

will be:
1. Half Pmmrv. 960 1ums.
2. Secondary. 6 lurns
3. Hali an.ry 960 wrns.
Example 10.

A large amplificr, baving an output of 40 waits, has an anode
1 anode load figure of 8,000 ohms, and requires to be matched to
250 ohms for speaker distribnlion. Give appropriate designs m
stundard tmanslormer jron and in Radiometal, for use on music and
speech. efficiency 10 be

Using standard lr.lns[onn:r iron: Cither a 24" stack of 147
waste-frec, or a 14” stack of 14" waste-frec will satisfy the roquired
conditions without modification. Each gives an efficiency of 95.24%.

Using Radiometal: A 17 stack of 1" wasie-free gives 2 mid-
band loss of RS 1.7 = $%. Under this condilion the cut-off
frequency is 65 cycle maximum output without distortion
would only be 7 x . A 1Y stack of 17 waste-free
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Bives, under maximum mid-band efficiency, a loss of 7.4 + (7 =
us%,. a cutoff of 60 cycles, and 2 maximem output of
12 X 2.3 = 27.6 walts, Increating the tums by 1.25, \he ruuum
power is jncreased to 1.5 X 27.6 = 4) watis. the mid-band
become 4.35 X || = 48%., and the L.F. cu(oﬂ will
0 + 1S = 40 cyel

Thas it is seen lbal a 147 stack of 17 waste-frec Radiometal
will give almost identical performance with thet of cither a 2} stack
of 137, or a 14 stack of 1} in siandard ransformer iron. This
;c:.ul(s in & reduction of outside dimensions from 347 X 44" to

losses
be

complete the design on Radiometal: The turns fof a 1000
atim' Vinding Wil be 700 13 135 L GO pprex Thus the

primary will require & (otal of 640 x -/m = 1,800 turns and the

/ 250
secondary turns will be 640 X  ——— = 320. Thus, following the

winding arrangements of Fig. lOb. the reqmrcd sections are: 1,
uarter Pricoery, 450 turns; 2. Secondary, 320 tur Half Primary.
turns; 4, Sccondury, 320 turos; 5, Quarter anu—y 450 tumns.

Exampie 1).

A cabinet type spezker with a speech ooil impedance of 1S ohms
is requircd to take one-cighth of the power (rom Example 10.
Efficiency to be not less than 80%.

One-cighth of Ibe powcr lS 40/8 = S walts. The prirary unpe
dance must be 8 x = 2000 ohms. Using a 4" stack of 1"
waste-free, with 175 nmes the turms from Table 9 the maximum
power is 3 % ).75 = $.25, the mid-band losses are 1.7 % 1.5 =
19.5%. and a L.F. cut-off of 90 3 = 30 oycles. Thix satisfies the
conditions. Then the turns required are:—

124
1. Primary 750 % 17§ x v —— = } 850 turns.
1,000

ARY]
2. Secondary 750 % 175 X ' ——— = 160 turns.
1.000

Example 12.

A hom type speaker. speech coil impedanee S ohms. is required
10 take one-quarter of the power from the same 1mphﬁer with a
200 cycle bass-cul. What condenses is required. and what will be the
efficiency, using the same size transformer as Example 11?7

Using maximum mid-band efficiency. this size can handle 28
watts at 200 cycles, with losses of 11.5%. giving an cfficiency of
$8.5%. The primary impedance will be 4 X 250 or 1000 obms.
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‘rmlu the condenter must have an impedance of 1,000 ohms at 200
cycles:

1,000,000

zxnaxzoomooo
imary, 750 turos

= 0.8 MF. Tums required as follows:—

/ 3
2. Sccondary, 750 X —— = 53 turps,
1,000

CHAPTER 6
laput and Ioter-Vatve Transformers (Pareiiet Fed)
Core Material.

It is esscntial for good reproduction of the low frequencics at
tow levels to have a materia) (or the core which wili maintain the
inductance at very small values of A.C. magnetization. Ordinary
mansformer iron bas a low unua] permeability. Mumel is the best
materinl at present produced from this viewpoint. It has a higher
permeabilily than other materiale. but saturation occurs at a lower
value, :mn :ncc it is not suitable where power is r\aqh ired.

best sba{x for this type of trensformer is shown in Fig. 11,
mguhcr with full dimensions. Another type. having much lnrgn
winding window. has bad considerable {avour, but it will be realised
that increasing the cross section of iron will reduce the lms neces-
sary for any given impedance. For this reason the shape shown gives
not only a wider frequency band. but slso gives 2 more level response
within that range. by reducing tendencics 1o L.F. 20d M.F. resonances.
The core stack should be 7/T61h™, so thay the su:llon i« square.

|

L s

|- -

N

Sy
[ —

Ma 20 Loalatlon
Fig 10

Toros and Ratio.

§f e valve into which the uransformer operates is a triode, a
MHT wmpomd a!d.ooo turms of 44 SW.G. enomelled coppor
wire will wgive # Sep-up condition as any smaller saost
But if the v.-lvc (cllnwlm the transformer is a tetrode or
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‘| ' |

e T e T
Frequency  can
Fig. i2.

IR

the input_capacity will be much smalles. 5nd so further advantage
w@n be gained by reducing the wire gauge, so that the mondary may
consist of 6,000 turns of 36 S.W.G. enamclled copper wise.

Fig. 12 shows the form of (wqucncy response when lhc pnm.m
m\pcd:nm referred (o the sccondary is 65,000 obms in the casc o
the 4,000 wrn wmdmg or 150,000 of ms in the case of the 6,000 turn
winding. (These curves allow for a valve input upacuy. mclum
strays, but nm that of the transformer winding. 00-120 MM
in the first case, and 30-50 MMF in the second case) Al the Iow
trequency end. curve A is for input transformers, or inter-valve
transformers. where the coupling capacity is considerably greater than
the value given for curve B. Curve B is for an inter- valve transformer
in which the coupling capacily js N2 X 0.16 MF, where N is the
wansformer step-up ratio. If the value of coupling condenser is
smaller than this, there will be a tendency to produce an L.F.
resonance in the region of cut-off, which will nced 10 be damped
oy the method shown later in this section. unless for some reason
the resonance should be desical

The siep-up may be mcmscd by reducing the primary twms.
which will incrcase the impedance referred (o the secondary in
proportion to the :&arc of the increase in turns ratio. This wikt
resull in narrowing the frequency band from both cads. The whole
high frequency cut-off curve will be reduced in frequency by the
square of the increase in twras ratio. In the cases where curve A
applics for the low frequency end. the whole cut-off curve will be
raised in frequency by approximalely the cube of the increase in
turns ratio. o the case where curve B applics, the value of coupling
condenser to give the same shaped cut-off will be reduced in pro-
portion 1o the cube of the increase in turas ratio. when the whale
curve will be raised in frequency by the same ratio. These staterments
are only approximate. Mumetal has the peculiarity that the induc-
tance of any given number of turns usiog 2 Mumetal core is reason-
ably constent below S0 cycles, but above that frequency gradually
tends 10 vary inversely proportional to frequency, $o that above
3bout 600 cycles the law is such that the mducmnee has a constant
reactance. Thus if the ratio is increased 80 that the cut-off begins
above 600 cycles, then the cffect will chznse from that of increasing
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the cut-off, to one of imroducing further loss over the endre fre
quency. Otherwise sialed further increase i steprup ratio will nat
result in further increased true sieprup.

Pmnry unped-m .

case of input the primar:
szmply nhzl of 1he device for which the input is mlchcd—rmuephom
pick-up, cic. Lo the casc of an inter-valve transformer, the priman
impedance may be taken as the equivalent paralle] resistance of e
preceding valve anode impedance and its anode coupling resistance.

Res

onances.
1t is possible for a peak in the frequency response to appear du
10 resonance in the region of either the low frcquency cut-off. the
high frequency cut-off, or both. If the size recommended Is used, the
possibility of ‘an H.F. resonance is greatly reduced, but use of &
small valve of coupling condenser may introduce an L.F. resonance
With the older shaped core, necessitaling many more urns for (ke
same .mpedmm both types of resonance were more likely 10
appea

nh both types of resonance, the peak may be reduced cither
by increasing the primary impedunce or by introducing a secondary
shunt resistance in (be form of a gnd lcik. The primat lmpcdanx
can usually be increased enough merely by raising the value of anode
resistance. 1f this cannot produce sufficient dnren‘rmg without_going
1o too high a value, a resistance may be inses ries with the
coupling candenser, of the value of grid leak adjusted to bring about
the desired responsc. With each of thesc methods, response at both
ends of the scale will be reduced, so that they may be applied if
there are two resonanees, one at each end. If there is only a resonanct
at one end. and the other end docs bot require reduction, then
differem methods must be applied.

If there is v low frequency resonance but the high frequency
cut-off docs not necd reduction, then a resisiance connected acros
the primary of the transformer (after the coupling condenser. not
from anode to varth), will reduce the resonance at the low frequency
end. and al the same time have the effect of improving the high
frequency se.

1f there is a mh frequency peak. bul the low frequency response
has nonc. then a resistance connected in scries the grid will
reduce the high Frequency peak without introducing greater loss at
the low frequency cnd.

Example 13.

n input transformer is required to give the maximum step-up
for speech only {200 cycle cut-oft} to wark into a pentode grid. Find
the step-up that can be used from 2 microphone of 600 ohms impe-
dance.

From the A curve, the 3 dB point is scen 10 be just above 30
cycles This means that the cut-cfl can be mulliplied by adoul 6.4
to bring il to 200 cycles. From the tables the cube root of 6.4 is
found to be about 1.8S. znd the square of 1.85 is about 3.4. Then
Ihe referred impedance can be about 3.4 X 150.000 ohms. or 500.000
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) 500,000
ohms. The impedance stepup can be ———, or nearly 900/1. This

ives a wrns ratio of V300, or 30/). S0 the windings oo the Uans
ormer will be:
1. Secondary, 6,000 usns
2. Prmary. 200 urns.

Bxampte 1

A modc haying an anode impodance of 2,500 obuns is used with
an anode coupling resistance of 10,000 uhms What step-up can be
used to give the response of Fig. 12 with a secondary of 4,000 tumns
of 44E, and wbat coupling condenser should be us

The primary Ampcd&nwzls the eff)eg\ox'w)fc lmpedanue of 2.500 and

X1
10000 obims in paralll or =0 2,000 ahms. This s 10 be
referred to the sccondary as 65,000 obms, so lhe impedance ralio

of the transformer is -, or just over 30/1. This gives a turns
mio of just over 5.5/1. The sccondary tarns are 4,000, so an
ropriate primary will be about 700 turns. To give the respanse
of curve B in Fig. 12, the coupling condenser should be 30 X 0.16.
or 5 MF. Probuhly a 4 MF. being a standard value, will be adcqualc
However, this valuc may_be 100 large to be pracllcal in which case
a smaller one, say 0.5 MF. may be used. A resistance of about 20000
ohms across the primary will demp the resonance, and the cul-off
will now be at about 50 cycles.

CHAPTER 7
Push-Puil Inter-Valve Traasformers

When an inter-valve transformer has to provide signal for the
grids of two valves in push-pull, it is essential that cach valve should
receive its signal identical in amplitude and in opposite phase to the
other. For the Jower and middle frequencies. accurate division of
wurns will secure this condition. but for the upper fxequen:w_s further
precaulion must be taken to maintzin this balanc:

A sirople method enabling an ordimary inler- valv: with only one
secondary to be used. is that of connecting (Wo equal resistances 2cross
the secondary in series and taking the centre tap of these resistances
1o earth or grid bius. Then cach end of the secondary is connected
to one grid. This method suffers from the disadvamage that (he
capacily between cach end of the sccondary winding and earth is
001 cgual, and so Ihese two equal high resistances may be regarded
as being shunted by unequal capacilics, which, of course. upsets the
balance at the bigh frequency end.

better method is to wind two separate secondaries to hat
they are equally well coupled to the primary, and have s near as
possible the same capacity from their “live” end to carth. On the
cize detailed in the previous section. this may be achjeved by winding
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e secondary of 3,000 wras before the primary, and then the other
sccondnry af 3, om turns mu he fnmnvy The difference in winding
capacity will no| bt. reat, and will in practice be much smaner [
the input capa (gthn valves, which will thus help 1o the
effoctive mequul.uy The two ends of the secondaries adjacent to the

7 should be conneciod togethes to form the contre tap, Whik
B)c exnme 20ds go to the grids.
esch grid is now only across one hulf as many turns. and
the Iumx arc rather better coupled to m: primary, the input capacity
per grid may be rather more than twice the figure given in Chapler 6
to obtain the same high ﬁcq\lent{ chamc(cnsne—n.. about 70-120
MMF. Thus, the ratio may be calculated by meaking lmped-noe
ratio from primary to the whole seconda. suoh le the primary
:mpodanno is sicpped vp o nboul 150,000 ol
push-pull feed back is being used or y:paralL grid returns for
bius p rposes, the two "m.ddc" ends of the secondary may be brought
out scmmlely for the purj
gning push-pul) transformers on this size, it is necessary
o rnakr_ sme Ill'\l 2 cortabn voltage Bmit is not exceed
distortion will be quickly introduced. A safe figure may be taken
a5 80 turns per volt at S0 cycles. This means that the total vo!rage
across 6,000 turns should not exceed 75, If negative feedback 5
used, do not forgoet 1o add the foedback voltage to the grid w Bri
Fnlngc as uns w-l| be the total voltage required 2cross the trens-

. I this volmgc hmll is ?

is necessary. [amination size stmilar in shaar. o that

of Fig. 11, bu( h(gcr should be chosen, and all the details muktiplied

up propordon«sclv The safe turns per volt will decrease as the cross

sectional area of the core increases. Thus. if & 3 stack of nmu

having a centre limp width of is used, the orea i i

ms(uxd of 7/I6lh“ X 7/16th” or xbout douhl: 'T'huv(on: lhr \afc
tums per volt is reduced to about half, or 40. ¥ 6.000 tums

stll used for the sccondary, the safe vorage at 50 cycles would be

6000/40 = 150—twice the previous figure. At present the author

oing (o be exceoded, then a larger sm

u
So higher voltage can cnly acoormmodated by increasing the tums,
Multiplication bv 1.4. 108,500, and usmz the same reforred lmD¢
. with & di wdud secondary, give approximately the sam:
resolts as lhov; sh, own n F‘g 12 This gives a sufe gnd-togrid
vbllaga at 50 cycles of 105. If step-up is increased beyond this point
y simply increasing the socondaiy turns (4 increasing the ratio),
the cat-off at the top end of the scale will fall in the same way as
shown for a corresponding incrzase in ratio in Chapter 6. but the
L.F. cut-off will remain unchanged w uw safo volage s increased
by increasing primary and scaondary prvpomonmlv (theroby
maintaining the same ratio), then the low frequency will be
reduced 1o a lower frequency. and the high frcquem’.y cut: oﬂ' will be
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Fig. 13,

reduced by a Jess amount, but il will progressively begin 1o show
signs of peaking. This peak can be reduced by the metbods outlined
in Chapter 6.

CHAPIER 8
Constryction Detaily

pariog & Bobbin.
Unlns a bobbin of the correet siz: is available ready-made, it
wnll be necessary 1o fabricate one. Details are g:ven here of two
ypea that are simple to construct without special tools.
an. 14 illustrates the method with the first type, which is suited
for the smaller sizes. as it gives adequate sucnglh to support a smal}
wmmng whilst taking up little of the available winding space. It
should be comstructed fr o SUff cartridge paper, or similsr matezial.
Five pieccs should be aut, ancording 0 the final rcqu dimceasions.
one as at (a), and two mch as a1 (b) and (c). A centre block, as Wl
(d). will be mqmma 0 sapport the Dobbin while winding, and may
also be making up the bobbin. Great care should be taken
in tho oonsuuwm of this oanire block, to cnsusc that oll its faces
are “square”, and to the correct dimensions (very slightly larger
thao the core cross=ection, and a little shbn« !)mn the window
length, & ‘ ). , 1o see that the hole drilled through i (s
absolutely parallet 1o its sides. The methcd of bmdmg cach of the
parts is clearly shown in sketches (¢), (f) and (g) of Fig. 14. At each
stage the parts of tie bobbin should be cerfuI!y Rlued sn that ihe
wbol bm is uzrwd oy glue bt is not stuck to the centre block,
a5 this removed afler winding. After the glu; l'm L,
smal} holtx nm bc drifled or punched in the ¢hetks of the bobbin,
so that the winding leads muy be brought out and properly anchored,
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®

Flg.14.

Finally, cod aipport plates will be nwdcd dunnz winding. These
should ‘be raade of metal or wood, an in position by lhe
cetre spiadle as chown at (b). The hal':s dﬂl.led in both the cen!
block and the end support tes should be only just the mq\nred
clearanco hole for the size of centre spindle to be used—say, 2 B.A.
Nuts on the centre spindle are used to secure the whole uwnMy.
mdms:ﬁula be right cnough to secure that the spindle will oot urn
:haws method of construction for larger bobblm
!rheu: |he fztmaled boblsm wnuld ot be strong coough o suppo:
the winding. It is made of bakelized snper or cloth sheet, Qhol.ll
;l6 thick. It has the uMnuge that all the from
—00 (ube 8 required—and that the “tegs™ on two of the centre-
Pm prevent the cheeks from raumi off during or after winding.
arc roquired as sketched at (a), (b) and (c). Neces-
sary holcs in the cheeks for lead-outs and aochoring may be made
before the bobbin is asserabled. The method of assembly i clearly

end support plates must be different, being only simple ru:mngnhr
picoes with a hole in the middle. of such dimensions that they fit
convenicntly between the end “tags™ of the centre-pieces. A spindle
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Fig 15,

will again be required, but for the larger sizes should not be relied
Ppoo 10 turn the bobbin during winding. It is suggested that one
or two additional small holes be madc in the end plates and centre
block, through which steel pins should he inserted to provide means
of oblaining a positive drive ta the bobbin.

Improvising 8 Winding Machine.

Two tundamental arrangements ure necessary for siccessful
winding: a means of rotating the bobbin. and some provision for
bolding the reel of wire. A lathe makes a very succsssful winding
machine. For the smaller sizes a standard three os four jaw chuck
can be used to grip the centre spindle. For larger sizes. the pins
already inserted into the centre block may be arranged to lake 2
drive by bearing against the jaws of the chuck.

I a lathe is not available. an ordinary whee)-brace mounted in
4 vice s0 tbat the chuck rotates in a horizontal position. will serve
as a good substitute. It will be found rather laborious, operating by
band. if a great many turns are required.

A spindle should be set up in a horizontal ition a litile
distance awnay to hold the reel of wire so that it is free ta rotafe as
wire is required. The wire should be passed berween the thumb and
first_finger of onc hand to swady it and to apply tb¢ necessary
tension.

It is a great convenience 1o provide some means of counting
wms. If a proper rns counter is not available, a cyclomeler can
be used as a good substitute. The turns counter should be coupled
1o the machine so tbat it numbers apwards in the direction of rota-
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tion when winding. The winding direction should be such that the
wire yoes on to the upper side of the bobbin. If an improvised turns
counter is used, it may not mglsler coincident with turns—i.c., it
may take S turns to register each 1. Thix should be checked up before
it is used, apd the required readings at start and finish worked out
in advance so that all attention cen be devoted to winding.

Methods of Wiading.

Wire gauges of, say. 24 and larger may be brought out of (he
bobbin direct. and a Icnglh wound around either the centre spindle
or some copvegient peg to keep it out of the way while winding,
until it can be terminated after winding is complete.

Wire gauges, of say, 26 and smaller should be carefully joined
by soldering to a pjece of silk-covered flax, taking care that a neal.
fat joiat is made that will not take up too much room. and will not
cut through and cause short-circuited turns. 1t should be insulated
at the joint by means of u small piers of insulating material, The
silk flex should come out through he hole in the bobbin, and should
make about two turns round the bobbin befarc the proper wire
guauge “takes over”. The silk Mex should be anchored conkucmly
1 awnit proper tetmination aftes winding.

All windings shovld be wound so that one turn Jays as close as
nossible to ils neighbour, until a layer is ful). when another layer
shavld be commeneed in the return direction. On larger size coils,
a layer of paper insulation will be inserted evcry layer. or pechaps
every few layers, to prevent a turn from a high laver from slipping
down into contact with lower Jayers. On smaller coils, and particularly
with the sery small, gauges (heyond, say 36), i oo possible 10
insulate the lavers in this way, and 2 method known as “random™
winding is émployed. The tums stil go on approximately in layers.
but it is not possible to guarantee that no space is lost belween
adjacent turns of the same Jayer, and so later tumns may fill spaces
left nrtvmule In wioding by this method carc should be taken that
the winding builds up level along the whole width of the bobbin.
otherwise useful winding space will be wasted. For this reason it is
QDC:I)I"K important. too. that the bobbin shall rotate “true™, This
meane that when the centee is spun before winding s commenced.
the four sides of the centre must turn parallel with tae spindle.
and nol skow any sign of a skew wobble, and further the cheeks
must not show any sign of wabble from side to side.

AU the finish of e winding, the end should be brought out in
the same way as the beginning was, according to the guage being uscd.

Tnsalation.
Between windings, as well as between the layers on larger sizes,
Il layer or two of insulation must be provided. Two or three Jayers
very thin material are better than one layer of thicker material.
Th:s should be cut 1o the txact width between the bobbin cheeks.
and wound on carefully and tightly over the winding. The insulation
may be of thin high-quality paper. or may be of one of the acctate
substilutes. Before pr rocecding with a further winding, the insulation
should be firmly secured in position by the use of @ little adhesive.
For paper, some Chatterion's compound. or. as an alternative, some
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high-quality wax, may bc used 1o fix the last wrm o the paper to
the preceding ooe by applying quickly after heating momentarily on
the butt of a soldering iron. If one of the acetate films is used. a
litlle act1ate may be quickly applicd 1a weld the film, bul care must
be taken 10 scr that no acclale comes inlo contact with the wire
if it is enamel insulated. as the acctale may dissolve or soften the
¢namel and couse twms to short.

Terminatlng the Windings.

After winding is complete, a layers of insulation should be wound
on to cover the indings and insulalc them from possible contact
with _the outside limb of the laminations. Then 2all the cods of
windings should be properly terminaled. The ends should cach be
threaded through the pairs of holes in one of Ihe cerncrs of the
bobbin several times, Beforc so threading, the whole tengih that
wilt go theough tbe holes should be stripped of insulation. The
tbreading should allow the porton of lead from ihe hole where it
comes out of the bobbin 1o the corner where it is threaded to lic
slack. 17 it is tight, it may break later. especially if the bobbin cheek
is slightly flexible and may bend. After threading in this way, the
¢end should be quickly tinned with a soldesing iron. which will secure
it. and slso provide a form of tag to which the exiermal leads can
be soidered.

Laminating aod Finishing

re must te taken when inscrting the laminations thal they do
not damage the winding. For a choke, or a transformer in which
there is D.C. flowing, al} the E-shaped picces. or T-shaped pieces.
shobld he ioserted first from the same side, unlil the ceatre of the
bobbin is full of laminations. An cqual stack of T1- or U-=haped
pieces should then be taken, and brought into contact with the Es
of T's with the appropriate gap spacing. Some form of clamps witl
be necessary to bold the whole core together and keep the pap tight
Up 1o the spacing used. These can easily be improvised, using an
appropriate width of strip mclal which can be drilled for clamping
bolls either side of the laminations, and possibly ¢he end of the
clamps can be rorued over to form mounting feet for e completed
companent

Far transformers with no D.C. the laminations of different shapes

should be insertod from opposite sides of the bobbin in pairs. A
convenient way of doing this quickly is 10 arrange a small stack of
each shape on cach side of the bobbin. Then. by working with beth
hands. rlternate paits may be picked up and inserted quite quickly.
When laminating is complete. similar clamping arrangements 16 those
suggested for the choke may be employed.
. Ordinary trsasformer iron is very subject to attack by rusi. so
it is a good plan. when the component is complete, to paint the
exposed cdges of the core with a good quality paint as a profection
against Tust.

The clamps may be bent at one end 1o provide feet for mounting.
and at the other end to take a bakelized sheet panel on which
soldering tags or terminals are mounted to make a fnished terminal
board for the transformer or choke.
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CHAPTER §

Methods of Testing
Tums Rado.

This i comparatively simple Lo cbeck, if there is available
A.C. maigs, two AC voltmcless, and a vanety o( odd rwstana&.
At least one of the vol shoul:
instrument. The other may be aoy indicating mslrumm( that will (uw
a consistent indication when the sxmc volts are apphtd la this case.
readings on the poorer
the two mswme.ms in paraliel on Lbc same voltage. zdyusnnb \h:
voltage to varicus values by means of differcnt arrangements of
ret.xsmnca.
is importam when checking turps ratio that a3n A.C. vollage
0o mwr than thal for which any given winding is dts.,,nea sha)l
be vsed. Havipg cheeked on this by calculation, readin;
taken of the voliage across the 1wo windings. rst by (cedmz :
voltage into Ihe primary aod messuring the voltage op both primary
lnd secondary sunullancoule with \hc d of both voitmeters, then

y feeding n” voltage into the The ratios of these two
sels of readings can then be :al:ulmd and if there is any discrepancy

tween Lhem, the mean value mzy be (aken as the correct one.

Frequency Respons

This requires muu apparalus than the previous test. An audio
oscillator is necded, together with some voltmeters whose performance
at various frequencies besides 50 cycles is scliable. Also. the conditions
under which the component is to Operate must be simulated. That is.
the primary must have the signal applied to it from an impedance
equal to the ote which it will have in practice, and the secondarv
must work into the same impedance as Iha( for which il is intended.

1f it is designed to operate with D.C. flowing in one winding. then
this condition, 160, must be rcpraduocd m lesting s response.
with no D.C. C

Fig. 16 shows a way in wh|ch components of the types de:ailed
in Section V may be tested. The resistance beiween the primary
voltmeter and the actual pnmary s equal to the equivalenl tonrce
impedance. In the case of a push-pull output transformer (class A)
it will be (wice the anode impedance of cach valve. The resistance
across the secondary is equal 1o the n.qu‘rcd tosd impedance a1 the
secondary. 1t should bz noted that the primary source impedance
i nol (he tame as the optimum load at the primary side. It may be
Mhore (a3 in the case of LrANS(ormer 0 work wiih tetrodes or peniodes)
or less (as in the case of transformer to wark with tri

A frequency response may be taken by setting [hc voltage a1
the primary voltmeler 16 the tame reading. and then natine the
reading on the secondary voltmeter. Jf the readings on the secondary
volimeler are plotted againsi frequency on graph paper, a frequency
response will be oblained

i e case
should be that of the output valve, as it will he rcfcrrcd 16 the
primary of this transformer.
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Exxmpl: 15.

An amplifier has output valves having an anode |mpcdanu of
2.500 ahm; cach, and an opfimum laad of 8000 ohms snode ta
anode. This is matched to 250 ohms. From this it is dumhmed o
several speakers. One of these is intended to take one-eighth of (he
output.

8,000
The outpul transformes has a step-down of

or 32/l impedance

sl Thus, the source impedance at the secondary will be
2,
1_ = 78 ohms. The share of this applicable 10 2 speaker taking

one-zighth of the power will be 8 % 78, or 625 obms, while the
oad impedance referred 10 this primary, due to its own speaker
load on the sccondary, will be 8 x 250. or 2,000 ohms.
Parallel Fed Inter-Valve ‘(ransforms

The primary source mpedancc for these may be simutated in
(he same way. but the secondary must also be arranged to have the
same loading as in practice. This may be only at the grid or grids
of the next stage. In this case, Ihe mem itself would impose a load
which would falsify the reading. So the secondary must be connected
10 valve grid, or grids, in the same way as it will be in practice, and
the signal voltage in the anode circuit can be read by resistance
capacity coupling to a vahmeter
Transformers with D.C. Flow

Toe simplest method of mlmg the frequency response is to ser
up the actual operating conditions. A voltmeter measuring the volts
applied 10 the grid of the valve into whose anode the primary of the
Iransformer js connected is set 10 the same reading at different fre-
quencies. The secondary reading is taken in the same way as before,
accerding to whether it is an output or inter-valve transformer.

|

Audio
Fraquency
©ucinator

Brimary

Prinacy Vol Secondary Veliaetser,
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Alr Gop Adj of Chokex aod carvying D.C.

A simple method of doing this ig (0 set up a full-wave rectifier
circuit with no smoothing. Across this, connect the component to be
tested in series with a resistance to limit the D.C. to its rated value.
If. ob measuring the A.C. component across the choke, this is more
than required in practice. & suilable reservoir condenser should b
applied across the supply 1o reduce it to a practical value. Cheek
that the D.C. flowing is corrcet, as altering the reservair condenser
mm the output of a rectifier, Having ascertained that D.C. flowing

. across are correct. connect the A.C. voltmeler in ceries
Wllh a D.C. blocking condemcr across the resistance in series with
the choke, and adjust the The bighest inducrance will be when
the voltmeler across the uancc shows the lowest reading.

Winding Insulation.

The insulation between windings and between cach winding 304
carth should be tested with a suitable “flash test” device. This is
simply a fairly high voltage (higher 1an that which the insulation
must stand in pracnice), either A.C. or D.C. in series with the supply
on onc side is a high resistance, suffident to limit a short-circuil
current to about 5 mA., and a neon bulb. The other side is connested
10 ap carth plate on which the component can be placed for test
To the high poiential side is connected an insulated (est prod, The
usun] procedure for a transformer would be as follows: Earth

wcondary with a lead and apply test prod 1o primary; earth primary
wilh lead and apply lest prod to secondary. The neon should not
light in either case. Finally. to check the tester conneclion, the prod
may touch the earth plate, when the neon stould light.

n Ihe case of a choke, of course, the component is nmpl?« placed
on m= carth plate and the prod applied 1o the winding termiin:

Shorted Turny Tester.

A useful adjunct to the regular winder is some device to detect
the existence of shorted turns before the component is cored up,
fhus saving time if the nomponznl should prove faulty.

A simple method of constructing such an instrument is to make
:&a sxmge triode feed-! bm:k oscillator of any type (1o give, say,

using for the coil an inductance, wound on an iron core
of similar or slightly cross-section to the componenta to be lested.
Instead of making this inductance in the usual way of an iron-cored
inductance, it is so arranged that the core is opan and can have the
coil 10 be tested placed uver 1he core adjacent to the inde
coil of the oscillator, whi rrenged so that it can be adjusted
by means of a variable bias conlml so that it only just operates
Under thix condition, if the coll ay plled for la( har any shorted
turns, then the oscillation will euhe stop, or be greatly reduced in
amplitude. On the other hand. self-capacity in the coil npphed il
only altes the trequency slightly.




CHAPTER 10
Calculstion OF Wire Gauge

The table in this section enables the corTect wire gauge to be
chosen lo get a given number of turns into a given winding space.
For cach wire gauge, with ils covering lherc appears two figures: the
figure (or uens per inch should be used for cages of layer wmdms,

and the figuse for turns per square inch for random winding.
illusirate the use of these tables, the wire gaugcs for each cxampl:
given in the previous sections is worked ovt below.

Example 1.

The winding area in this case (see Fig. 1) is 0.275 sq. ip.
It is required to get 6,300 turos into lhxs space. This is equivalest to
fyeri 23,000 tums per sq. in. 38 S.W.G. cnamelled anly gives
.27
21,000 turas per 8q. in., s0 1he next even gauge will be 40 SW.G.
Example 2

This is on the same size, baxt as the 1ms are airly low, it should
be pomhlz lo layer-wind u Using 32 SW.G. enamelled gives 82

tuens per inch, or just over S0 in a ¢ layer. This requires —— = 33

l}aycrs. Al 83 turns per inch 33 layers will occupy a depth of
3
0.39% 1f the paper used is 0.003” thick, 33 layers will take up

31
0.17, total 049, This allows enougb for lop insutation o make up §*.

Bxample 3
Unns he figure from Table 3, |h= winding space will be_about
47 x 1", or 033 sq. ln. The turns witl be 6,300 x 32 = 20,000,

This requires = 60,000 per sq. in. 44 SW.G. enamelled gives

65,000 per sq. in.

Exan;go

turms will again be layer- woul\d Usmg 22 SW.G. enameiled
gives 33 turns per inch, or 70 per 21" layer. 900 turns at 70
fayer requires 13 layers, say 14. as \her: will be very little clesrance

14 layers at 33 turns per inch will take up — = 0.43". Allowing for
luyer insulation will bring this to about 0.48". This leaves a good
clearance. bul it will probably be needed with a fairly heavy wire
gauge and a long-shaped bobbin

Bxample §.
In this case there are two windings. one of 2.460 and one of
12.000. 1o be wound in a tpace of 0.86 £q. i. 40 S.W.G. enamelied
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gives 31,500 ums per sq. in. Thus, 12,000 takes about 04 sq. in
Fo: the primary, 38 SW.O. enamelled gives 9,400 turng per sq. in.,

= 0.266". Total area, 0.666". This

50 2,400 tums takes up 9400
aliows good margin for insulation.
Examplc 6.

this case the two windings bave to occupy 0.56 sq. in.
12000 turos, as before, lake 04 sq. jn. in 40 SWG :mmelled.
Uzsms 42 S$.W.G. enamelled, 43,000 wuros per sq. in., 12,000 turos take
12

= 028 sg. in. 4.000 turns of 40 SW.G. emamelled take

43,000
0.135 sq. in., towal 0.415 sq. in.
Example 7.
Here, again, layer-winding will be used. For the 3800 turns.
using 36 SW.G. enamelled, 31)6 turss per inch gives about 156 per

layes (14, This requires 1_56 = 25 layeru. 2$ layers will rake

= 0216" for wire, and at 0.003" per layer insulation, 0.075%

6
lolal 0.291". For the 220 turns. usiog 20 S.W.G. enamelled. 26 turns
per inch gives 3S per layer. This will require 7 layers, 1aking up

= 0.27" for wire, and 0.021” for insulation, total 0.291”, Total
depth of both windings 0.582", which leaves room for |nsu|uuon
between windings and on top in a bobbin of depth 3 or 0.625

Exlnl\flc 8.
s'lrg the size from Table 2. Lnyrr lenglh i" deplh 4. Using
6 S . cnasnelled for 1,850 wms: . sy, 70 turns

per layer, gives = 27 layers. Wire T = 0.2337, insulation

0.0817, 101al 0.314”. Using 22 S.W.G. cnamelied for 74 wms, 33 X {”
4

or 20 rng per layer, gives 4 layers. Wire — = 0.122”, insulation

0.012", total 0.134", Tolal winding depth 0.44R” which allows room
for insulation between and on 1op of the windings.

L‘.xamplc 9.

wasle-frec will allow a layer Jength of 117, and a tota)
dcp!h of 736" Using 34 SW.G. coamelied for primary windings:
Turns per layer. 137 % 97—say, 130. Each half primary takes —.
or 8 layers (always 1ake next whole number). Depth for wire

30
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= 0.083", for insulation 0.024", total per half 01077, for whole

primary 0.214”, Using 20 S.W.G. ebamelled far secondary, giving 35
turns per fayer, requires 3 layers, Laking 0.1167 for wire. 0.009 (or
ineulaon, vosl 01255 Toun| depth far windings 0.336" Using §
layers of 0.003" each between windings and 0o \ap. sives 0,027
total 0.366", which allows about 1/16” elearance op iop

Exampte 10.

Each quarter primary will use 4 layess of 34 SW.G. enamelled.
(aking 0.054" (including nsutation), The half primary 8 I:yen llkm_g
0107 toral for primary 0.215%. Using 30 S.W.G. secon:
4 Jayers aking 0.068”, total secondary space 0)36’ lolzl
wmdnnl; depth 0.351”. Inter-winding insulation. as before, 0.045%,
10121 0.396".

Example 11.

A 3" woste-free will allow a layer lengtb of 1%, and a depth
of $lle” Using 38 SW.G. enamelled, 13 layers. ith insulation
01307 And for sccondary. using 22 SW.G. enamelicd, 5 layers.
with insulalion 0.167”. Total, 0.297".

Example 12.

For the primary, using 32 S.W.G. cnamelled requires 10 layers.
waking, with insulation, 050", For_the secondary, 2 layers of 20
SW.G. cnamelled will just it in. This will lake, with insulation.
0083 or, if anotber layer is required for the last few fums, 0.125"
Total, 0.275".

Bxample 13.
Here the winding space may be taken as 9/16” X 3/167, or 0.105
000

5q. in. 6.000 tusns of 46 S.W.G. cnamclled will occupy =
110,000

0.05S sq. in. Allowing nnl only abowut 70% of such a small space
can be ulilised—i.e., 0.7 0.105 = 0.073 sq. in.—this leaves 0.018
sq. in. for the primary. lf 200 wrns are to go in 0.018 sq. in.. there

would he

o = MO0 per sa. in. 36 SW.G. enamelled gives
01
13,400 per sq. in.

Example 14.

4.000
4.000 wrmns of 44 S.W.G. enamelled will cccupy or 0.057

5. in. This leaves =bout 0.016 for the primary 1f 106 ot o i
0.016 5q. in.. there would be —— = 4400 per sq. in. 30 SW.G.
cnamelled gives 5.300 per sq. in. ¢
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COPPER WIRE COMPARISON TABLES

This table presents the nominal diameter and restatance (1n four mig-
alficant tigures) of bare copper wire In variow es. The
auges used are the Brown and Sharpe Gauge (B & S, a0k known 15 the
American Wire Gauge, AWG), Uie Imperial Standard Wire Gavge (SWG}
and the Metric Gauge
The data are given in both Erglish and metric units, the Jatte beig
Included for the benefit of oversmg readers and Buropeant
=ho are not familtar with the cther unitg. The diameter m the English
il I8 expros mil being 1/1000 1a
e diameters and restalancex gyven in (e 1able re subjoct 10 norma)
manulreturing tolorances. A typleal figure for the tolerance of the dia-
meter I8 plus or minus ) per cent or 0. ) mil (0025 mim in metric units)
@hich aver s the larger. The resistance would be within plug or minus
per cent at 20 degroes C but vartes with temperature. The revistance
charges approximately 0.4 per cenl for each duwree C change i tem-
perature, fncreased temparature glving Increased resistance.
In the B & § gawe, the ralio of (e diameter of wny gavge number (o
that of the nex larger gasge mmbar ¢ constant and le 11220, The
corrasponding ratio of cross sectional are: 1226 aquared, or about
1.2610.
Thig meana that for sach Increane in gauge number. the resistance per
unit length increanes by approximately 26 per cent. 1014 tound that 3n
fncrease n gauge number by 3 gives approximately double the resisi-
ance per unit length.
In the SWG the diameters of the gauge do not (ollow 2 slmple rule but
rather form a series of short arilhmetrical jrogresnions. From 183WG
10 23 SWG, for exumple, the diameter decreanes by 4 mila per number
whereas Irom 23 SWG (0 26 SWG 1 decreanos by 2 mils per number
In the Matric gauge the gauge number I8 ten 1imen 1he diamater of the
wire exprassed in milltetres. The normalty avallable Biselema
fmilar series 1o that of the SWG. Half mizes n the B & § and SWG
gaiges (and intermediate aizes n the Metric Euugs) are asariable (o o9~
cial order If required.
These dala are presentad In such 3 form s 15 2llo 0asy comparlaon of
the different piandarde, permilting 3 near equivalent Lo be aelected I(
coll winding data (for axampie) epecifies 3 gauge =hich |5 fol reacily
available, &S were specifiod for i be seen that
Cither 42 WG or 1 Motric han approvimately’ ks G chamearss and
could therafore b suhstituted.

Nomias| dianseter and resistance measured at 20°C (68°F.)

QAUGE ENGLISH UNITS METRIC UNTTS

a1 EWG Matce % hyoc o P
— — 4 0.3304 45 1634
—_ 7 - 0.3348 4.470 1.0%8
6 - 0.3951 4116 1296
- — 04051 4.064 1329
- — 4 0.4182 40 1an
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09184
09119
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08124
0.8120
07231

07112
07



QAUGE
Be3 WG tevk
1 — -
- —
—_— 6
2 —
— 24
— — 55
4 — —
— 25 —
—_ -5
26 —
2 - =
—_ — 4
—n -
6 — —
— — 4
— o —
27 ~ —
—_ — s
— 29 -
2% — —
— 30 —
— - 3
—_ 3 -
2% — —
- — 28
— 32 —
—_ - 26
0 — —
— 33—
— — 24
— 34 —
= -
— — 22
— 35
32 - -
—_ — 20
— 36 —
—_ — )8
kX —_
—_ 3 —
34 -
—— 16
— 3 —
33— —
— — 14

EBNGLISH UNITS
o

o
2538
4

23.62
2257
22

2165
20.10
20

19.69
18

17.90
17.72

164

87

1614

1793

2614

2881
1290
3144

N

METRIC UNITS

B
3295
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12118

BNGLISH UNITS

o
52
3.000
48
4724
4453

a4
4331

AR
3835
4148

450.1
4646
2
5387
5530

648.2
659.6
669.1
8002
8222

8318
1013
1045
1049
1323

133
1365
1669
1800
1839

2104
212
2593
2634
2676

88

METRIC UNITS
Dl o
£t B
0.132) 1258
0.1270 136%
0.121% 1477
o2 152¢
0.1134 1716
01118 1287
o1l 1814
0.1016 2127
0.1007 2164
01 2195
09144 2625
0 2698
08971 n2
08128 pxri)
04 3430
K M2
07118 4341
0712 4340
07 4480
08316 3476
5056 5907
06 6098
05643 6903
083 7287
05080 8506
05025 8707
08 8781



METRIC COPPER WIKE TADLES

Cotuma
' Diameter of Wire 1n s
2 Atea Wire b Sqeare oim
3 Resistance Onms per 100 Metces
3 Welght Grams per Metre Lecgth
s s
‘ Letaith Metces per Chin Resistance
7
[ WG
o
[
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LBEHERS

U.5.A COPPER WIRE TABLES

Cotomn
) Wire size AWG or B &S
z Dincaeter 1n Mils « 1 /1000
3 Circular Aroa Jn Milg
4 s per inch Inear
5 Fuet per 1b bard
s Gnms per 1000 1t
(2) 3y (4
289.3 83690 -
257.6 #6370 -
220.4 2640 -
204.3 0140 -
16).9 300 -
162.0 26250 -
144.3 20820 -
128.5 16510 7.4
1144 090 'R
10).9 10380 5.6
90.7 824 10.1
80.8 553 2.0
2.0 3178 185
643 4107 15.0
57.1 3257 164
50.8 2563 189
45.3 2048 21.2
w0 1624 23.6
3.9 1285 26.4
32.0 1022 9.
35 816 39
2.3 642 37,0
2.8 510 4
2.3 404 40.3
17 320 5.7
159 254 5.0
142 202 I
12.6 160 2.1
0.3 127 B1.6
10.0 301 9.5
B9 80 10
5.0 63 ITE]
7y 27
6.3 4 143
5.6 32 155
5.0 2 175
4.5 20 1
5.0 1 204
3.5 iz 246
il 10 %2

BEESouonw ~
2 <
£33% -
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AVAILABLE NOW

SECOND DOOK OF TRANSISTOR EQUIVALENTS
ND SUBSTITUTES
by B. B, BADANL
HIGH GRAD
BQUARE BACK
DBINDEN

Avatlable fn the very pear fulure, This handbook has been spectally
prepareuby the subior becuse mwany thousanda of new types of trans=
istorshavenowbeen raleased o Lo the world markets sinc the pi-
Ucatlon tn February 1971 of the First Book of Transislor Equivalents
and Substitutes.

The First Book of Transfslor Equivalents has had to be reprinted six.
ttmes, reachlng world sales oxceeding a half militon coples. The
Second Book whl be produced In the same style as the Fiest Book, but
witl In no way duphcate any of the data presented In thin boo!
Secand Book will contaln only entirely new material and the (w0 books
will complement sach olhier and mie avatlable (he maat complete and

The

extensivelnformalion In(hls field. The original unique features have
ccrs and

been retained making (or very vasy use by amateurs, o
incustrial users. The hangeabllity data covers

manufactured in Gt. Britain, U.S.A., Gemmnany, Frasce, Poland,
Italy, Czechoslovakia, Japan, Ausirelia, Scandinavia, Swilzerland,
East Germany, Belgiluws, Ausiria, Neiherlands and many other cou-

niries, Immediale equivalentaare shown and possible substilutes

are algo tncluded.
For the firat ttme, 29 I the First Doak, all the Talest CV listings for
ail types of teantators have been Included.

BABAKI PRESS BOCK NO. DP14 PRICE &1



FIRST NOOK OF TRA
STITUTES

ISTOR BQUIVALENT AND SUD-

G GRADE 80 PAGES
SQUAKE BACK 3
BINDING B. B. BABANU

Since Ws publicatlon, The First Book of Transistor Equi+
valents has had 1o be reprinted 10 times, reaching world
sales exceeding 1,000,000 coples. The Flrst Book Is p

Flrst Bock contalag dilferent data and the two books com-
plement each other and make avaflable the mwost complete
and extensive laformation m this lield, The unique featurcy
have been used fa both books mzking for very easy use by
amateurs, engineers and (ndustrial users, The fnterchange-
ability data covers semiconduetors manufactured n GU,
Britaln, U.S.A., Germany, France, Prlard, Mtaly,
oslovakla, Japan, Aualmll , Scandinavia, -Switzerland, E:
Germany, Belzlum, Austria, Netherlands and maoy other
coumelos,  Immediaie squivalents are shown and possible
substitutes are also Incleded.

a

We have shown, 22 In the Second Boak, all the CV Mstings
alloted to every type of transistor,

BABANIT PRESS BOOK NO. BPI PRICE 40p
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