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SECTION I 

CHAP'IER J 

RHlo Freqaeaey Coil Typa and~ 

Whatever tbe final function of the apparatus there is no radio 
and almost no electronic device which does not rely to a areat extent 
on coils. lo broadc:a$t receiver design the radio frequent)'. coil with 
its associated condenser forms the heart of the circu1t and the 
whole excellence of the final output depends upon its work.in& 
whilst such aear as audio amplifiers, cathode ray oscillo~, relay 
operators, sound heads and photo-electric devices all de on coib 
m the shape of transfonnen for power SUPJ>IY and couo · g, smooth
ing chokes and audio or radio resonant CU'Cllits. 

Whether the coil is deaianed for hiah ~cy working and is 
a simple helix supported in air or whether it lS for power transfor· 
mation at a low audio frequency, consisting of thouaands Of twas 
of wire on an iron core, its basic operation is the same. 

All coils exhibit the same qualities, the most important beina:-
11) lodllduce 

The inductance of a coil (coils are often known as inductors) i1 
the measure of its electrical inertia.. To aenerate a current in a wire 
and thus develop a voltaac ac:roas the wire's ends it ia merely 
necessary to move the wire through a maanetic field so that it cuts 
the lines of force, when the current will depend on the rate of 
cutting and the number of lines cut, tJUs beina the well-known prin' 
:iple of the generator. Moreover, mov:i.Da the wire one way tbrouah 
the field and then reversing its direction of travel will cauae the cur· 
rent to reverse its ·direotion of ftow-it will commence at zero and 
grow to a maximum, fall back to zero as the movement slows and 
>tops and on the return of the wire throuab the field will arow t<' a 
maximum aaain but in the oppoa!te direc:tfon of ftow. 

This current, of coune, 1s AC. or Alternating Current, whil81 
current which always maintains one direction of flow is D.C. or 
Direct Current. 

Current may also be pnerat'Jd in the wire, however, by 
£rranaina it in a fixed poaition and allowina the maanetic ftcld to vary 
aroUDd it, the lines of force arowina and collapsina and eo cuttina 
the wire as before. Obvioualy any current ao obtained muat be A.C. 
and the frequency will depend on the rate at which the maanetic 
field arows anl collapses, or in the ea.me way, on the rate at which 
the wire in the earlier examples revenea its direction of travel One 
complete alternation from zero to maximum in one direction, back 
to :zero and oi:a to muimum in the other direction and finally back 
to zero is known aa one "CYCLE" (the number of cydea per second 
beina known as the frequency) and correaponda with one complete 
revolution of the rotor Of a limple alteroatina generator. Thus we 
can say that such a cycle takes place over 360 degrees, and it it ii 
desired to inspect only a part of a cycle we can meuure any part of a 
whole cycle along the zero line and give it an angular measurement 
Clf, say, 90 dearees or ooe quarter of the cycle, whilst if we desired to 
~mparo two altematiYe voltaaa of the same frequency where one 
lfeW to its muimum OH quarte1 of a eycle after the other we would 
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Fil~. I. 111 u1tratlnQ Phate Shift. 

say that there was a "PHASB DIPFBRBNCR" of 90 doareoe between 
them or that they were "90 degrees out of phase." 

In Fia. 1 the continuous line shows one cycle of voltage, the 
time of the cycle beina measured alona the zero line in degrees 
while the broken line shows a similar cycle of the same fre<J.uency 90 
dearces out of phase. Moreover the crcat or maximum pomt of the 
brOken line is after that of the continuous line cycle, so that it 
"t LAGS" behind the continuous line by 90 dearees or the continuoua 
line cycle is "LEADING" by 90 <Searees. 

It may be aaid here that uaual frequency of tho A.C. mains 
in this country ii ~ cyclea per second (c.p.1.) while audio wavea 
extend from rou&hly 20 to 20,000 c.p.s. and radio waves are arbitrarily 
divided into bands between rouably 100.000 to 300,000,000 c.p.s. 
1,000 cycles are known as a KILOCYCLE (kc.) and 1,000,000 are a 
MBGACYa.B (Mc.). 

A coil or inductance, then. may be fed with any of these 
frequenciea depending on the task it i.a to perform, but to understand 
what bappem auppoae a simple coil, a solenoid of a few turns of 
wire on a simple former, ia connected to a battory throuab a switch. 
When current flowa throuah a con it cauaea a mqnetic field to form, 
tho am of the fttld beiq down the ocntre of tbe coil, ao that if the 
switch of the above circuit is closed current will flow through the 
coil and tbe magnetic field will suddenly grow. As it growa, however, 
the lines of force, extendina outwards, cut the wires of the coil whicb 
is the necesaary condition for generating a current in thoae wi.1w 
lbe arowina tleld of a coil alwaya generates this current in oppoeitioo 
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to the current from the supply and so it 1s plain that the full battery 
voltage will not at first appear across the coil for it will be reduced 
by the voltaae due to the current generated in. th•. coil itself. 
Obviously this will affect the battery curre~t. ma.kin& lt a smalli:r 
ftow than it would otherwise be, and not tdl the whole system 11 
in equilibrium will the current ~e to its maximum value. When 
the ciTcuit is broken the magnetic field collapses and once more 
the lines of force cut the wires inducing a voltage which this time 
end.:avours to assist the falling voltage and thus endeavours a_lso ~ 
bolster up the falling current, these effects, of course, occurnna Ul 
the fraction of a second. These voltages, generated to oppose any 
change of condition of the coil, are sometimes known as .. BACK 
E.M.f.s" and may be quite high, depending on the inductance of 
the coil. ln an electric bell, for instance, it is the self·induced voltaae 
which gives the spark at the contacts and experiment will show that 
the Back E.M.F. is sufficient to give a smart shock. 

This then is the effect of the coil's inductance, and obviously 
it will bC of great importance when the coil is fed with ~.C. lbe 
current is always rising and falling in value so that there will always 
be a voltage induced by the,coil's own field and affecting tbe curr~nt 
11ow in the coil. In a pure inductance the current would lag behind 
the voltage by 90 degrees, thus in Fig. 1 the continuous line curve 
could now represent the A.C. voltage across a coil with the broken 
curve representing the lagging current, so that at full voltage the 
current is only just beginning to flow. 

The unit of inertia. or inductance, is the HENRY and as it is 
proportional to the rate of change of the current a <:Oil is said to have 
an inductance of I henry when the current, chan&lDI at the rate of 
1 ampere per second, causes a pressure of 1 volt to be induced across 
the coil. . 

The henry is too large a unit for use with radio frequency 
coils and they are measured in millihenrys (mb.) or in microbenry• 
(uh.). The symbol for inductance is L 

(2) Reac:tanee 
A coil bas its own ordinary. resistance to a steady c~rrent, 

measured as usual in ohms, but as 1t opposes the sudden chanamg of 
currents and voltages it obviously has a secondary dlect on .A.C. 
Altematin& currents will have to overcome not only the ordinary 
resistance but also tbis "Reactance" and the opposition to A.C. 
of the coil is aiven by the formula:-

XL = i.n. 
where XL is the reactance of the coil in ohms, f is the frequency of 
the A.C. applied. L is the inductance of the coil in henrys and 
,, equals 3.14. 

R.F. coils are usually coupled with condensers, and t~e capacity 
has an effect on A.C. euctly opposite to that of the inductance. 
ft causes the current to lead the voltage, and so the effect of placina 
inJuctance and condenser together in a circuit is largely to cancel 
out their reactanc:d. For a condenser:-
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1 
Xe= ---

2~fC 

where Xe is 1he reactance in ohms and C is the capacity in farads. 
It must be noted that the result is expressed as a negative quantity. 
Reactances may be added together. 

(3) lm,eda.uce 
Impedance is denoted by the term Z and when Ohm"s Law is 

applied to A.C. Z takes the place of R, the term for D.C. resistance. 
When a circui't contains resistance and reactance although both 
terms arc in ohms they cannot simply be added. The formula:-

Z = JR:? + x2 ohms 

must be applied, and where a circuit contains a resistance R ohms. 
an induc1ancc L hcnrys and a capacity of C farads in series, the 
impedance will be:-

I l 
L.. = JR2 + (2.:fL - -)2 

2r.fC 

An inductance and capacity together have 
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(4) Rte0aance 
that is the.Y. respond to a resonant frequency with their lowest 
impedance 1f they are in the aeries or with their highest impedance 
if the inductance and capacity are in parallel. Thus inductance and 
capacity in parallel and tuned to their resonant (Nquency develop 
their highest voltages in phase opposition at that frequency and arc 
the most usual form of tuning circuit as shown in F~. 2. 

The formula for the resonant frequency for either series or 
parallel circuits is:-

f = x 1()6 
2,. JLC 

and it must be noted that here the values have been reduced to 
working practical values; f is in kilocycles. L is in microhenrys, and 
C is in picofarads or micro-microfarads. 

(~ pioofarads = .0005 microfarads, a common aiu for tunin& 
capacitors). 
(5) Dynamic Resistance. Ro. 

As a coil and capacitor in parallel present a high impedance to 
'heir resonant frequency. as is generally desirable so that they may 
develop a good voltage, the ratio L/C is important and the impedance 
of such a circuit at resonance may be given as L/CR, this often 
being known as the Dynamic Resistance. It is plain, therefore, that 
R. the coil's H.F. resistance, has a large bearing on the dynamic 
r~istance Ro and affect& the efficiency of the whole circuit. Thia 
efficiency is known as the 
(6) "Q" 
of the circuit and may be shOWTI as 

2.fL 
Q=-

R 

where f Is in c.p.s., L is in henrys and R is in ohms. For example, a 
coil of 100 microhcnrys inductance with a resistance at 800 kilocyclC1 
of 8 ohms would have a "Q" of 

t 
2 x 3.14 x 800,000 x 1® x ---

1.000.000 
Q = ------------= 62.8 

8 

It must be realised that the coll resistance R grows hiaher with 
a rise in frequency due to losses and the skin effects of the wire, and 
cannot be taken as the resistance to D.C. Also a coil can never 
displace current and voltage by the full phase shift of 90 dearees 
because a pure inductance is impoesibl~the turns of wire have 
resistance and a seff·capacity one to 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 also known as the 
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magnification factor of the coil. Clearly if the coil and condense1 
system bas a resonant frequency a charae induced in such a system 
will not die away rapidly. The condenser will become charged, will 
discharae throu&h the coil and so reverse its charae. the coil 
endeavourina to maintain the current ftow, will discharae again and 
so produce a train of wavea each of slightly less amplitude until the) 
finallY. disappear. The circuit i.<i heavily damped and has a loll 
"Q" 1f these oscillations die away rapidly and vice versa. 

The desirable features of a coil may now be summed up. 
It should be as "pure" an inductance as possible-that is, itt 

self-capacity due to bumped turns of wire, heavy former and tbt 
desisn aenerally must be small, the resistance to high frequencief 
must be kept low. it must be rigid and of strong construction, for 
obviously any misplaced or disturbed turns of wire will change tht 
inductance, it must not be susceptible to humidity changes in lb< 
atmosphere-dampness miaht cause leakages from turn to tum
and as the coil bas a varying magnetic field it must not be brought 
100 close to any mass of IDltal for eddy currents would be induced 
by the field and the efficiency of the coil reduced. For that reason 
screening cans must be of a correct siz.e which. as shown later, ma) 
be calculated. 
(7) Mutual laductanee 

The coll has a varyina magnetic field in and around it and thi~ 
will induce a voltaae across any other coil in the vicinity if the line~ 
of force are able to cut the wires of the second coil, the wave-form of 
the induced voltage being a pattern of that on the original coil 
This linking of two coils by the maanetic fields around them i! 
known as mutual inductance, and its symbol is M. 

Mutual inductance may be either desirable or not, dependine 
on the circuit. For example. in Fig. 2 the second valve, a detecto1 
triode, bas a reaction coil connected to its anode whose function is tc 
feed back energy into the grid coil. Here mutual inductance is ver) 
necessary, but the whole coil set of the detector valve must lM 
screened completely from the coils of the first valve or energy will 
be fed back into the first stage with consequent uncontrollabl< 
instability. 

Aaain, in Fig. 3. the I.F. Transformers have their winding~ 
coupled by mutual inductance. but each transformer is carefulll 
screened from all other coils. 

The types of R.F. coils used in receivers vary according to the 
circuits, but Figs. 2 and 3 give some idea of what is needed. Fig. 2 
is of a basic circuit for a "straight" receiver, the first being a high 
frequency amplifier followed by the second stage, a triode detector 
Obviously it will be very desirable to make C, and c. a ganged 
two-section condenser but before this can be done the two sets of 
coils must be similar in all respects so far as the actual tunins 
windings are concerned. The other wiodings will put varying loa~ 
on the5e tuning coils in each case. causing damping to some degree 
but these effects can be balanced in practice. Jn the first stage the 
aerial wlll imPosc its load on the grid coil via the aerial coil. and in 
the detector stage the anode coil will be coupled to the grid coil at 
well ns the inter·stage coupling, but if the two grid coils are made 
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identically similar these loads will be balanced by keeping couplinas 
low and. finally, by trimming out stray capacities with the trimmina 
sections of the ganged condenser. 

It will be seen that the grid coil is in two parts in eacb coil set, 
one winding being sbort;circuited. ~Y a switch. Thi~ winding is. the 
long-wave coil. the wuw1tched cod m both cases be1og the med1um
wave coil. and these switches must also be ganged. 1f further wave
bands are required their coils may be wound on the same fo~mf'.r 
with extra switching, but .foi: good results . on short wav~ 1t. JS 
advisable to isolate each winding and make It a separate coil with 
grid and aerial and grid and anode windings as desired. These coils 
are then mounted round a rotary wafer switch so designed (with 
an earthin& ring) that all coils not in use are short-circuited and 
earthed to prevent pick·up and other losses, and each set of coils is 
screened in its own boll built round the switch. 

For a superhet (Fig. 3) the coil systems are rather more complex. 
The first stage is a mixina circuit where incoming sianals are tuned 
by L1 and C1 and fed to a triode-hexode. The triode Portion of the 
valve is an oscillator with its own set of coils arranaed to tune to a 
fl"cquency wrucb, no matter what the position of the ganged 
condenser, is always a constant number of lcilocycles different from 
the incomina signal. This diffetence i' known as the Intennediate 
Frequency and the oscillator is usually tuned above, rather than 
below. the frequency beina received. These two frequencies are 
mixed in the valve and the result is a modulated signal composed of 
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the Intermediate Frequency and the sound signals from the trans 
mitter. 

The primary winding in the anode circuit of VI is tuned by a 
small condenser to this frequency ao that a modulated b.iih frequeoC) 
voltage is set up across this coil and a similar voltage is induced into 
the secondary winding also tuned, the two coils t.ogcther forming an 
Intermediate Frequency Transformer. The induced voltage is fed 
to the grid of V2 and again passes through an I.F. Transforme1 
before reaching the detector, V3. 

The aerial and oscillator coils arc similar to those as used in a 
straight receiver, but the I.F. Transformers tune to a lower frequenc) 
(about 465 kcs) and thus need more turns of wire and a greater 
inductance. An I.F. Transformer is. in effect, a Band Pass Ftlter and 
as explained in Chapter 2 this greatly assists selectivity in tuning. 

There are several methods of improving the selectivity of a 
receiver. In 'the straight set reaction can be used in the detector 
stage to give greater selectivity and volume with a slight drop in 
tonal quality or several tuned stages may be employed, each consist· 
iDg of a grid coil and tuning condenser coupled through an H.F 
amplifying valve to the next stage. It is plain, however, that instability 
y<(!uld soon be caused by the multiplication of _valves, and generally 
it 1s better to reduce the number of stages by using Band Pass Filters 
instead of single coils. Each Filter requires two tuning condensers 
instead of one so that a ~anged condenser for more than one stage 
becomes an unwieldy affair. but with a straight receiver good results 
are obtained by using a Band Pass Filter with the H.F. stage coupled 
to a single coil in the detector grid circuit. 

Band Pass Filters of different types are shown in Fig. 4 and 
their action may briefly be explained as follows. Where two coils 
have identical resonant frequencies these frequencies are slightly 
changed by coupling the coils, one moving higher and one lower. 
Thus two coils coupled to the correct degree spread a single tuming 
point over a band althougn the limits of this band are far more 
sharply defined than the limits of a tuning point on a single coil 
Not only is the selectivity increased, but a station on the band of 
frequencies has a more even response accorded to its sidebands with 
a consequent improvement in quality. 

CHAPTER 2 

Tbe Desten and Construcdon of Radio Frequency Coils 

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 no really satisfactory method for the construction of coils using 
p0wdered iron cores. 

The steps to be described arc:-
1. Design of the coil and determination of inductance. 
2. Choice of former and type of wire. 
3. Construction. 
4. Testing. 

, .... 
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Fig • . Sand-Pou Circuit s. 

(1) Dtslp 
Obviously the whole design of the ~oil will depe~d UP<?" the 

work it is expected, to perform. ~ medau!D wave tu~mg cod w.111 
consist of a single layer solcnoi~ with. or w1th~ut reactao~ and aerial 
couphng coils, multi-range coils will C<?ntam. both smgle lay~r 
solenoids and bank wound coils for the higher mducta.oc.cs, 1.F.T. s 
will. generally speaking, be bank wound coils made to fit on a 
dowel former and so on. 

For tuning coils it is first necessary to co~sider the wave range 
the coil is to cover with due regard to the variable condenser to be 
used. and here it is advisable to use the formula 

A= 1885 ./LC 

where >.. is the wavelength. L is the inductance in microhen~ys llf!d 
C is the capacity in microfarads. Wavelength has a fixed relationship 
to frequency, the product of 1he two being 300,000.000 

i.e .. >.. x f = 3 X 108 'l.~;'1\.1.=1 

E. H. Chapman has described one method . for evaluatioa 
tt..e required inductance from the above formula. Variable condensen 
have a minimum and a maximum capacity, the stated value beilia 
lhe maximum. The minimum depends on good design and the amount 
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of insulating material used in the construction, and there is a further 
stz:ay capacity in a tuning cir~u~t due to ~e wiring of the coil, 
shields, etc. If, however, the mm1mum ca,eaaty of the condenser is 
assumed to be zero then the stray capacities of the tuning circuit 
can be called S. and the formula written:-

A = 1885 v'L(C + S) 

This is the value for maximum capacity· obviously the wave-
length for minimum capacity is:- ' 

Al = 1885 v'LS 

Square both equations:-

t J..'l. = 18852 L(C + S) = 18852 LC+ 18852 LS. 
• 1.12 = 18852 LS. 

and by subtracting • from t 
>.2 - >.12 = 18852 LC. 

_In this for"'! ~he formula is very useful for it enables 
maximum and m1n1mum wavelength to be referred to the coil :::~ 
capacitor and by transposition L is easily found. 

Example I . 
. Jt is req~red to tune from 200 to 500 metres using a 0003 

vanable capacitor. Then:- · 

5()()2 - 2()()2 = 18852 x .0003 x L. 
and 210,000 = l.o66L 

210,000 
L=--

1,()66 
= 197 microbenrys. 

It should be borne in mind that a tuning system is more efficient 
so far as range . average . is concerned the higher the L/C ratio can 
!>e made. that IS by usmg a low capacity condenser with a high 
inductance, but clearly this is limited in the higher wave-ranges. At 
!ow wa.velcngths t.he band covered reduces, and adequate cover.igc 
1s obtained by usmg several coils with the conden&er to cover the 
bands. As the waveleng~ f~ls so ~U the capacity of the condenser 
as may be seen by cons1denng a high frequency tuning system with 
a range of 5 to 8 metres. 

Example 2. 
A sui~ble condenser would be of .00005 mfd. capacity (gcn::rally 

styled SO picofarad (pP.) ). 
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Then 52 - 52 = 18852 x .OOOOS x L. 
or 39 = 177.7L. 

L = .22 microhenrys. 

The stray capacities in such a circuit wottld obviously have to be 
reduced to the smallest degree and the coil would be self-supporting. 
no former would be used. As the inductance is so low the connecting 
wires to the condenser must be as short as possible-usually the coil 
is mounted directly on the condenser terminals-for any loops of 
wire would add seriously to the inductance. perhaps even doubling 
its value. 

This, then, demonstrates the differences between various types 
of coils, so far as stroctural methods are concerned, and a series of 
general suggestions may be given here. 

Televlslon Coils 
Coils for television receivers differ considerably from other 

types since the requirements are different High "Q" is not required, 
in fact it is a serious disadvantage and to avoid it the wire used in 
their construction is much finer than would be found in an ordinary 
receiver covering the same band of frequencies. It is virtually im
possible for the amateur constructor to work out from a given 
formula the precise number of turns required to cover a given 
channel since so much depends on the nature of the core material. 
and the stray capacities in the chosen circuit. For intending television 
constructors full winding data will be found in Appendix 11, page 83. 
The information given covers all the existing 8.B.C. channels and 
gives details of R.F. coils. R.F. transformers and chokes. With the 
exception of the chokes, calculations are based on the Aladdin 
former and dust coil type F804. 

Ultra Short Wan Coils. 4 to JO metres 
These may be wound on formers or be self-supporllng. lf the 

main desired waveband is about 5 metres self-supporting coils are 
advisable although if the coil is one of several, as in a superhet, 
where ganging is necessary a former must be used for the sake of 
rigidity. 

Formers may be of ceramic materials such as are advertised, 
these formers often being chased with a very shallow spiral so that 
1he wire is more firmly held. It is sometimes stated that copper or 
silvered copper tubing should be used for Ultra Short Wave work, 
but this is unnecessary C\leD in small transmitters. let alone receivers. 
No. 16 or 18 S.W.G. copper wire is perfectly suitable and this may 
or may not be silvered. The spacing between toms 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 tU:ing two lengths 
of the wire to be used and winding them side by side on the fonner, 
the apacina wire being stripped away after varnishing (if done) 10 
leave the &dual winding apaced out by the wi!'e's diameter. Spacings 
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of smaller size may be made in ehe same way using various sizes 
of wire alongside the turns of the coil. 

.The leads of Ultra Short Wave coils should be made by merely 
l~v1ng. sufficient of the winding wire for connecting up at each end. 
this bemg cut down to the smallest length possible when the coil 
can be tried out in position. 

Short Wave Colla. 10 to 180 metres 
"Diesc coils may be ~ade on the formers already suggested, on 

paxohn formers ?r on ribbed ebon1te tubes, the wire sizes being
grad~d do~ in diameter as the wavelength rises. Above JOO metres 
spacing will probably be dispensed with, the turns being wound to 
touch and here insulated wire will be needed. For all general pur
poses ~namelled wire is suita~le, the insulation being thin yet strong; 
the wire must be handled with care, however, for the enamel can 
be crack.cd or s~ratched especially if the wire be allowed to kink. 
Keep co!ls of y.rire wrapped and boxed so that sharp edges cannot 
rub the insulation. 

One~ a.gain .connections should be made by leaving sufficient 
of the winding wire at each end of the coil for that purpose. 

Medium Wave Colla. 200 to 600 metres 
~ese coil~ are usually .single layer solenoids wound with the 

tu~s side by side and touching. They are made on paxolin formers 
~tni; enamel, cotton. or s~lk insulated wire, and the ends of the 
wi~dmgs should terminate tn soldering tags so that connections may 
easily be made with no risk of poor joints. 

Long Wave Coll& 900 to %,000 metres (And LF.T.'1) 
These coils are. most often bank wound. that is they are made of 

sever~! layers af wire one layer on top of the other. Small paxolin 
bo~brn~ may be made f~r the purpose or paxolin checks fitted over a 
cy!mdncal f~rrner, particularly where both Medium and Long wave 
~oils are bcmg wound together. Cardboard or ~xolin cheeks miabt 
be fitte? ov.er +H do~cl rod and the turns laid between them the 
cheeks •!' this case bcmg removed when the winding has been impreg
nated with paraffin wa:<. 

Examination of commercially made coils will aive ideas and 
examples. 

11te Calculation of bductutt 
Wbc.n .the desired inductance has been found by the wavelenath 

formula 1t .1s necessary to work out the size of former and number of 
turns of wire to use to make such an inductance. The writer compared 
se~eral formulae and tables and found surprisinaly wide discrepancies 
e'1s1~d between S<?me of them so that finally only two formulae 
for srng!c layer coils were c~osen. Both formulae are adapted from 
Wheelers. F?rmula, but whilst the first form wes the total leP1gth 
o~ t~e ~n~'"'· the .secO!Jd uses the number of turns per inch (the 
wmdrng pitch ). this being far more convenient for spaced coils. 

Wheeler's Formula, adaptation 1. 

Iii 
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r2 x NI 
L=---

9r + 101 

where L is the inductance in microhenrys. r is the outside radius of 
the coil in inches and 1 the length of the winding in inches. N ia the 
number of turns. 

Example 3. 
The medium wave coil of Example 1, of 197 microhenrys is to 

be wound on a paxolin former two inches in diameter and three 
inches long, so that allowing a i" overlap at each end I may be 
taken as 2!". As it refers to the outside radius r should include the 
wire diameter but only a small error will result if it is made 1" for 
calculation. 

1a x NI NI 
Then 197= =-

9 x 1 + 10 x 2.S 34 
N2 = 197 x 34 = 6698 

and N = 81 turns. 
81 

This means a pitch of -- = 32.4 turns per inch and from the 
2.S 

Wire Tables in Appendix I it is seen that S.W.G. 22 Double Silk 
covered wire wound with turns touching has almost exactly thie 
pitch. 

Formula 2. (Wheeler's Formula adapted by Hayman.) 

N = Lx [ I + )1 + -
9
- ] 

aLX2 

where N is the number of turns, L is the inductance, a is the outside 
20 

radius of the coil and X is --, n being the number of turns per 
ndl 

inch and d the diameter of the coil. 

Example 4. 
II is required 10 wind a coil with an inductance of 2SO micro· 

henrys on a two inch diameter former using 20 turns per inch. 

lbenN = 2SOX [ I + v~ + 9 
] 

1x250 x x2 
20 20 

andX=--=-= .2s. 
20 x 4 80 

So N == 2SO x .2S [ 1 + Ji + 
9 

] 
l x 250 x .0625 

17 
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= 62.5 [ 1 +Ji +·-
9

- ] 
156.3 

= 62.5 x 2.253 
140 

::: 140 turns and the winding length will be -- or 7". 
20 

An efficient shape for a coil is ooe where the diameter is two 
~r three. times the winding length but this would be bulky and 
ll'!co.nven1ent for mo~t purposes and the diameter is reduced. 
Sunilarly, formulae ewt for calculating the optimum gauge of wire 
~o us~ on a particular coil but this calculation is so intricate that it 
is orrutted. In any case modem valves are so efficient and have such 
large amplification factors that the efficiency of coils is sometimes 
reduced to prevent feedback and instability so that the gain iri 
efficiency due to the use of such formulae can be dispensed with 

Bult Wound Coils 
Where coils are to have such high inductances that they are 

bank wound a formula given by R. B. Blakey in Radio and Tel• 
communleatioo Eaatne.,• Dtlian Manul (Pitman) may be used 
For a coil such as is shown in Fig. S where a is the mean diameter 
~ is the winding. length and c is the radial depth of the winding all ui 
in~hes, and N 1s the number of turns and L is the inductance in 
m1crohenrys:-

.2a2N2 
L=-----

3a + 9b + JOc 

Bxample S. 
A coil of J .000 microben'rys inductance is to be bank wound on 

a t" paxolin tube, c and b both measuring r. 
Then a will measure t" + t" + t" or t •. 

.2 X b2 x N2 
Thus l.000=----------

(3 X I) + (9 x .S) + (10 x .5) 
.2N2 2N2 

=--=--
12.S 125 

So 1,000 x 125 = 2N2 
clOd N2 = 62.SOO and N = 2SO turns. 

The cross sec1ion area of the coil is c x I square inches or t 
square Inch so that wire must be chosen that will wind 250 tuma to 
~ t square inch or 1.000 turAs per square inch. Reference to the 
Wire Table shows that S.W.G. 24 D.C.C. is sufficiently close to this 
value. 

II 
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--1----------
c 
L 

F19. 5. Bonk Wound Coil Oi•en•ion•. 

~ 
Mean Oia11etcr. 

~ 
Winding Len9th. 

~ 
Radial Depth of 

lhe Winding. 

When more than one coil 1s to be wound on a former-for 
example as in the case of the usual medium and long wave coil-it 
must be remembered that the two windings are connected In series 
with all the turns in the same direction of rotation so that when the 
ahortina switch is opened (Fig. 2) the inductances are in series aod 
will be added together. The Jong wave winding of such a coil, 
therefore, should have its aalculated inductance reduced by the 
inductance of the medium wav~ coil so that the sum of the two 
inductances toaether equals the required long wave inductance. 

Olcillator Coils 
It is the writer's opinion that oscillator coila for auperhets are 

too difficult to design where the tuning arranaements are to be 
aanaed as in the commercial receiver. The complexity of the various 
calculations may be seen by reference to vanoua deaignera' hand· 
books. and even then it is often stated that experimental work on the 
proposed circuit is necessary to discover the adaptions and chanaes 
needed. 

The difficulty lies in the tunma arrangemeots. If the main 
tuning circuit is to cover, say, from 200 to SOO met:ret-a ranae of 
t.SOO to 600 kc:s. the oscillator coil for an intermediate frequency of 
460 kcs. will be working between the points 1,960 to 1,060 kcs. 
It will be seen that the ratios of maximum to minimum frequenciee 
are different. belna 1 to 2.S for the tuning coil and 1 to 1.84 for the 
oscillator coil. The steady difference of 460 kcs. will not be main· 
tained by 1traiaht ganaing, therefore, and to correct this a system of 
paddina and tracking condemera is arranged in the oscillator circuit. 

In amateur short-wave receivers, it is becoming usual to tune 
the osciOator quite independently of the aerial or H.F. circuits with 
a separate variable condenser, and thia is probably the best way out 
of the difftculty for t.rackina can then be made 100% accurate over 
the whole dial. Usina this method the o!!Cillator coils can be calculated 
in the ordinary way. 

19 
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Aerial Coupliqs 
The sianals from the aerial may be fed into the first tuned 

circuit in a variety of ways which can be reduced to three mam 
methods. 

1. Aperiodic Coil Coupling. 
2. Condenser Couplina. 
3. Tap Couplin&. 

Almost an. tunina coµs are connecied with one end earthed and the 
other feedin& the and of the valve and for convenience these are 
termed the .. earthy" and "H.F." ends respectively. 

For aperio~c coil couplin& a. small a~rial ~il is wound on the 
same former which holds the tunma or gnd coil, the winding betni 
near the earthy end of the grid coil. The number of turns depends 
on local conditions but 30 turns in either a sinale layer or bank wound 
should be satisfactory for medium and !Olli wave coils. or one 
quarter of th~ iri~·t\lms for other coi.ls. ~e end of the windina 
nearest the i?ld coil lS earthed. the aenal bema taken either to the 
other end of the aerial coil or to taps which could be included at the 
tenth and twentieth. turn.s. The aerial coil shoul? be f' from the 
H.F. end of the and cod (Faa. 7e) and both gnd and aerial coils 
are wound in tlle same dlreetlon. 

,Sianals wil~ be stronaer althouah some selectivity will be 
~cr1ftced by using condenser couplina. In this method the aerial 
as connected to the H.F. end of the &rid coil via a very small 
con.denaer-a ceramic trimmer type is suitable-and the capacity is 
vaned for the best results. 

Coil and condenser couplinas can be combined to aive a filter 
effect, a condenser in ser~es wi.tb the earth lead from the coil beina 
ar~naed to tune the aena1 cod to the frequency of any interferina 
station. 

On abort and ~ltra short waves, condenser coupling can be 
~ ,but the. capacity muat be ye~ small indeed to minimise the 
ae11al • da~PU!I effect on the Cll'Clllts with consequent dead spots. 
Cod coupli.nl 11 ~tter, .• 3 or S tum coil ~ina mounted near the 
~.P .. end of the i?ld coll ~r between the and and anode coils of a 
circwt such as the Franklin self oscillator. Whether the coils are 
former wound or self supporting the apacini between the arid and 
aerial coils should be varied t~ obtain the optimum position. 

. On these wav~bands special aerials arc often used toaether with 
twin feeders and in these cases the aerial coil is not connected to 
earth but has one feeder connected to each end 

Tap feed!na .will cause d;amPiaa of the coil and will probably 
P.Ut ~anaed c1rcu1ta out of ahanment. It may be used on a simple 
arcu1t, how~ver,. and m~ely consists of various tappiep taken 
f~om the an~ coil to which the aerial may be connected. Alterna· 
t1yely the aerial .may be taken to a variable capacitor of up to 300 
picofarads c&paaty, the other terminal of the capacitor beinl' taken 
to the tap: The nearer the tap is to the earthy end of the arid coil 
the 1esc ~ be the dampfn.c lmpoted on the c:kcuit and the areater 
~ selectiVJty. Unfortunately sensitivity falls with Increased solec-
11.v1ty. A tap at. every tenth tum up to the centre of the coll &hould 
lll¥t enoup ad1ustment for any aerial. 
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Reaction Windinas 
Where reaction windings are to be used it is difficult to give 

hard and fast rules. The type of circuit, the valve. the anode voltage 
:ind the waveband covered all have their own effects on the oscillato!) 
cbar:icteristics of the system. IL may be said, howe~er, that .fo1 
controlled reaction as in Fig. 2 the best form for the coil to take is.a 
small closely coupled winding rather than a large loose couple~ co1.I. 
This 1s so in short wave work particularly. where smooth reaction 1s 
essential, and in this case the reaction winding is made with wire of a 
g:iuge finer than that used for the .grid coil, and sometimes even 
with resistance wire such as Manganm. 

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

Ulll'a Short Waves 
Here the anode coil often becomes a part of the tuned circuit 

as in the Franklin oscillator or with Colpitt's circuits. and is of the 
same wi're. shape and winding size as the grid coil, being indeed a 
con11nuation of the grid coil. Fig. 6a shows a very efficient ultra 
short wave receiving circuit where g~id and anode coils .are exa~lly 
similar, and regeneration depends on mter·elect.rode capacity coupling 
inside the valve. Super-regeneration is included and the two larger 
coils for the feed leads superimpose an oscillation of much lower 
frequency (20 to 30 kcs.) on the ultra bjgh frequency oscillation, thus 
bringing the circuit to the threshold condition .where it is most 
sensitive and least selective. The net result is a hiss over the whole 
tuning range which reduces to silence o.r nearly so "".hen a signal !s 
received. Naturally the system cannot give good quahty but for this 
type of work that is the least consideration. The super regeneration 
coils are tuned with condensers of about .006 mfd. capacity so that 
the inductance for bank wound coils to give the frequencies men
tioned above can be calculated. 

For an ultra short wave superhet the oscillator section might 
well he of the Electron-coupled type as shown in fig. lid although 
the circuits of Fig. 2 or Fig. 6b arc often used. 

Retween 10 and 180 metres the range is covered in bands as ot 
10-25. 18-60, and 50-180 metres or corresponding overlapping 
bands and reaction is usually applied by the throttle control circuit 
of Fig. 6b. For mains valves, however. the circuit of Fig. 6c has 
much to recommend it for reaction is controlled by the potential on 
the screen of a tetrode and by feedback in the cathode coil which 
'!lay conveniently be a .short. wave choke. "fhere is of course no 
coupling between !he gnd coil .and catho~e md';lct~nce so that the 
11rid and aerial coils may be simple, efficient wmdings on a small 
~~ . . 

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

Tt is suggested that anode reaction c~ils are given one third the 
number of turns of the grid coil. the grid coil being tuned by a 100 
picofarad capacitor and the throttle control a 300 picofarad capacitor. 
although as already mentioned individual circuits may need an 
'tda pt ion to these fl~ures. ,, 
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F19, 6. Oaclllotor Clrculta. 

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

Medlmn and Long Wa'fe CoUs 
In the majority of cases these will be wound on the same former 

in pairs as in Fi~. 7e. The reaction winding bas to serve for both 
wavebands and 1s wound between the arid coils preferably as a 
multilayer winding to save space. The best circuit to use is the 
throttle control system of Fig. 6b, usual values being 500 picofarad 
tuning capacitor, a 500 picofarad solid or air dielectric reaction 
condenser. 100-300 picofarad grid capacitor and a grid resistor which 
with modem practice bas reduced its value from 5 megohms to l 
meaohm or even Jess. 

As a general rule the reaction winding can have a quarter to a 
third of the total number of turns on the medium and long wave 
grid coils. 

Fig. 7f shows a medium and long wave coil such as may be usec1 
for a midget or Portable tet. All the windings are multilayer on ~,. 
paxolin tubing. 

Reaction coils must always be connected in their correct phase 
H a circuit fails to ~llate reversing the reaction coil leads generall) 
~ects the fault 

BaiPlll!IUalts 
Where two identic:aJ tunina circuits are couoled to1Zeth.cr tbe 
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• ' REACTION 

(i
. REACTION 

E) (F) 

H.f CHOKE FORMER METHOD OF TAPPING 

(c) (H) 
fig. 7. Coll Scctlon5. 

t fre ueocy of each circuit changes ~~ghtly, one to either 
~f:0~ the ~riainal frequency, .and if the ongmal frequency was f 
thrn the new resonant frequencies are:-

f f 
f1 == and f2 = ---

VJ - K Vl + K 



COIL DBSION AND CONSTRUCTION MANUAL 

rerd Kf i~ the coupli_na factor !bus a band of frequencies between 
1 an • is passed, signah w1th1n the band being received stro l 

anthd those outaide. the band being cut off more sharply than !1t£ 
o er forms of turung. 
f .~good band·~idth for normal conditions is 10 ooo cycles and 
i~~ in ~F:_ ~city Coupling," the most simple system to arrange 

vc;Cs 
K=

C. 

rod band·width ii given by Bn"" fK. 

Bxample 6. 
Two matched coih are tuned by a 2 x o ooos mfd. · 

to 600 me~ (S00,000 cycles) wben the sections are full ca~ 
The band width at this point is to be J 0,000 cycles, thlretore as 

Bn = fK, 
I 0,000 = S00.000 K 

and K = .02 

B 
vCl.C2 

ut K=--
C3 

J.ooos x .0005 
so .02 = -----

C3 I 

.0005 
=-

ce 
.ooos 

and CS = - = .025 microfarads .02 . 

d Supposing, bow~ver, that when the value of the capacito · 
f~.oOOce_&,Jocy~~ 1~crofarad the circuit now tunes to 300 m~ 

10,~~6000.000 K or K is now only .01 and 

K =--becomes 
Cl 
.0001 

.01=-
cs 

aod Cl = .01 microfarad 

. The band-width, . therefore. will change over the • 
with consequent va~ selectivity. Jn commereial p-~n°" range 
range from .01 to .5 microfarad ·~co ""' may 
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The coils used for a Band Pass Unit must be similar in all 
respects so that perfect ganging is obtained. and should be in 
separate screening cans so that no magnetic coupling is possible 
between them, when capacity coupling is to be used. 

LF. Traasfonners 
It will be seen that the LF. Transformer is no more than a 

Band Pass Unit so arraoaod that the lnt.ermediate Frequency is at 
the centre of the band. ln this case, however, the coils are coupled 
generally by mutual inductance although there is also a capacity 
coupling due to the capacity between the bank wound coils. R. E.. 
Blakey (Radio ud Telec:omnmoleadoa F.nghteers' Dtldi{n Mairual) 
points out that commercial practice makes the magnetic coupling 
oppose the capacity coupling by winding both coils tn the same 
direction and connecting either the two starting or two finishing leads 
to anode and arid of the respective valves. 

Particular attention should be paid to making I.F. coils 
efficient with a high "Q". low loss tuning condensers being used 
with adequately sized cwcular screening cans. The main trouble 
in the construction of I.F. Transformers lies in the adjustment of 
the coupling between the coils which controls the bandwidth and 
thus the selectivity, and as these calculations depend on tbe value 
of the mutual inductance whieb is difficult to arrive at it is suggested 
that experimental methods will give quicker results. 

Example 7. 
An I.F. Transformer for 465 kcs. is required, both primary and 

secondary being tuned and identical. 
FiTst consider the tuning. The coil will have a self-capacity 

adding its effect to the capacity of the small tuning condenser so 
that if 100 picofarad is considered a satisfactory condenser to use 
the calculations for resonant frequency should be based on almost 
the maximum value of this condenser, say, 75 picofarad or .000075 
microfarad. Then the capacity of coil and condenser will come well 
above this in practice, giving room for trimming adjustment either 
way. The condensers ideally would be of the ceramic mounted 
air-dielectric rotating type for these are more simple to build in 
and adjust than the screw operated trimmers, which have an 
additional drawback in the liability of the screw threads to slip. 

Tbe inductance required is discovered from:-

1,000,000 
f=---

2 .. vJ.£ 
where f is the frequency in cycles ... is 3.14. L is the inductance in 
microbenrys and C is the capacity in microfarads. 

For 465 kcs., ~. 

1,000,000 
465,000 = -----

6.28 J.rnxY'/SL 
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l,000,000 
and ./.00007SL = ----

-465,000 x 6.28 
and .00007SL = .342! 

.342 x .342 
or L = = 1,560 microhenrys . 

. 000075 

This inductance may be made as already describcll in the 
ex&!1Jple of a bank wound inductance, and mounted on t• paxolin 
tub1q. The transformer will require two such iaductanc:es. 

Variable Selectivity 
As ~eady explained the ba~d width passed by the I .F. Trans

~ormer will depend on th~ coupling ~actor-in this case the mutual 
mductanoe between the coils-and Fig. Sa shows the coils mounted 
on a wooden d~wel. with a p~h fit so. that the coupling between 
thel!l can ~ vaned .till the. optimum position is found and then left. 
an in.crease m c!>upling (coils closer together) causing the band width 
to widen and vice versa. 

. For c~nstan~y yariable selectivity, however, either a movina 
0011 or tei:t1ary winding can be employed. Fig. 8b shows one trans· 
former coil arranged to rotate about a central axis about I" from 
the other,. the spindle being pivoted in the waU of the screening 
or o.n an internal framework. By using this method it is of course 
poss1 b~c to g~ng. a number of transformers by mounting them wi!b 
the spindles in line and connected together by insulating tubing or 
rods. 

~ig. 8c _shows bow the coupling and selectivity can be varied by 
a. th1r~ cod mounted ~etween the secondary and primary and 
po~ess1~g about on~ third of the number of turns on one of the 
ma!n c.oils. Control 1s effect~d by 3: vari~ble resistor of S,000 ohms 
which is C?Ooecte~ across this wmdrng with its moving arm earthed. 
As the resistance 1s reduced so coupling is reduced and the selectivity 
becomes greater. 

When u.sinK. these methods it is advised that one coil of the 
trans~o~mer 1s.stil~ mounted on a dowel with a push fit. The variable 
sctecuv1ty device. 1s then arraoged and clamped to give half of the 
to~I elfect ~oss1ble an.d t.hc transformer response brought to its 
op~mum. setting .bY adJUStrng the coiJ on the dowel. The variablo 
device will then give good co~trol on either side of the mean position. 

The cC'ndensers shown m the figures must be insulated from 
t~e screen or any O!her support, and have any earth leads returned 
directly to the cbass1S. 

Coil Construction 
Vt'hen t~e inductance. method of winding and details of 

associated coils and condensers have been calculated and decided 
upon the type .of former as already discussed is chosen and the coil 
wound upon 11. Where bank ~ouod coils are Lo be made it is 
sunested that a. few. comme~ctal types should be inspected, they 
often have the wtre laid on spirally in a wave winding which malces 
a verv 11tTooe, self supporting coil and reduces the self capacity, 
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-1t 
(A) (11) 

Fl• I. Lf. Coupll~ 

This is machine wound.. however, and for hand wind.in& it will 
probably be found suftlciently diffcult to keep each layer even, tightly 
packed without lumping or crossovers and with no break in the 
insulation. If a coil is to be tapped and is band wound on no 
account bare the wire and solder the tapping lead so that the joint 
comes in the centre of the layers. Instead draw out six inches or eo 
of wire, fold the length into a long loop which is taken out through 
the cheek of the former, if used, and carry the wire bact to continue 
the winding, anchoring the loop in place with the continuing turns. 
Fig. 7b. Tbc wire can then be bared and connected outside the coil 
with no risk of a breakdown in the insulation. 

Only where wires are completely substantial, as in Ultra Short 
wave coils should they be used as the coil leads. Tb.inner wires 
should be taken to soldering tags and the simplest method of 
making and flxina these paxolin formers is to drill two small holes 
at the des.ired point !,. apart. and to run a double loop of 18 S.W.G 
tinned copper wire througb them. The winding wire is then soldered 
to tht. loop inside the former and carried to the starnng point o! tne 
winding by the most direct route1• being brought to the surface of 
the former through a third driu bole. This will give adequate 
anchorage and prevent slipping turns of wire .• 

When baring the ends of wire for soldering, silk and cotton 
coverings should be stripped off. not scraped, and enamelled wire 
should be cleaned by dipping its end into methylated s_Pirit aod 
wiping with a rag. For solderiDg use cored solder, avoiding killed 
acid ftuxes which will cause corrosion; there should be no chance 
of a dry or poor soldered joint at any place for bad joints make 
fault finding doubly dilllcult. 

When the coils arc wound it is very d~irable to t>TOtect them 
from the effects of humidity and a method which will give them 
further strength and rigidity is to varnish or wu them. There wiU 



COil. Dl!SION AND CONSTRUCTION MANUAL 

be a 3light rise in self-capacity but this should not be troublesome 
The best varnish is polystyrene. which may be made from 

dissolvin& old or broken polystyrene formers in benzole. Either 
immerse the coil in the varnish and allow it to drain very thoroughly 
or brush the v.amish on with a soft brush. working it well into 
the layen of a bank wound coil. When the varnish is dry spacing 
turns can be s1lrippcd oft and bobbin cheeks removed u desired. 
Com wound betwcco pudin washers, as in F.ig. 7e. may be left 
unt1'06ted or ~ iby a layer of odllopbane tape. 

If the cods are given a protecting layer of wax instead of varnish 
it is more simple to be assured of thorough impregnation especially 
in the case of bank wound coils. Beeswax is melted down and then 
boiled, to make sure that any water contained in it is expelled 
and then the coil is dipped in the molten wax and allowed to remain 
until all the air bubbles are driven off and cease to rise. 

Woodeo formers « '1:lle dowels sogge&ted for ttie I.F. Tmns
fOJmtrfl should bo bolled in the wax bcf«e ·use. once again remaining 
until air ~bbl.es cease tio rise. 

When the wax has set the coi will be very firm but all surplus 
wax m'IJ.!t be dramed .-.y. 

Scnealns 
Enclosing a coil in a screening can always result in some drop 

in efficiency together with a drop in inductance. these losSC6 being 
very senoua if the can is not of an adequate size. It is possible, 
however. to calculate the inductance drop dire to a can so that when 
the coil is designed this loss can be allowed for by adding it to the 
correct inductance value of the coil. 

A rough rule for keeping the "Q" of the coil high is to make 
the diameter of the can at least twice that of the coil; greater spacing 
would be beneficial but would make the apparatus bulky in mos1 
cases. 

A. G. Bogle (Joum. LE.E. Vol. 87) gives that for a coil 
mounted coaxially in a can of reasonably thick non-magnetic metal. 
where coil and can are cylindrical and the gap between the ends of 
the winding and the ends of the can is equal to or greater than Ilk 
gap between the sides of the coil and the sides of the can. 

L,, = L [ 1 - l/g x b2 ] 
l/g +I.SS a2 

where L2 is the inductance screened. L is the inductance unscreened, 
J is the length of the coil winding. g is the gap between the side of 
the coil and the side of the can (equal alt round), a is the diamete1 
of the can and b is the diameter "f the coil. all measurements in 
inche9, and the formula to bold for frequencies of or over 100 Ices. 

&ample 8. 
The coil of examples 1 and 3 is to be screened. L = 197 

microhenry1, 1 = 2S', ' b = 2" and if the can is 4"' in diameter 
g = I"' and a = 4". 
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Then 

[ 

2

·

5 

221 L0 = 197 I - x -
., 5 4!! 

I+ 1.55 -

= 197 [- ..:.615] 
4.05 = 197 x .846 

= 166.66 microberrrys, the new inductance. 

Thus is the screened inductance is still required to be 19"1 
microhenrys the percentage difference doe to the screening ~ffecl 
1nust be added to the original inductance of the coil. 

Testfn& Coils 
Coils when wound may have several tests applied to them bu1 

for home construction it will be sufficient to make a simple continuit~ 
<.heck with a battery and lamp or instrument and to measure induc 
ranee if a bridge is available or can be made. Where coils are to ot 
matched, however. it is necessary to use a signal generator and 
valve voltmeter (as described in Radio Test Equipment Manual 
Bernards No . .73) although the method is easy and gives good results. 
Each coil is connected in turn across a small condenser and the 
output from the signal generator fed into the Juned circuit th~ 
iormed by connecting its leads across the coil. The voltage across 
rhe coil is measured by the valve voltmeter and when the sianal 
aenerator is tuned through the resonant frequency the voltage risei. 
sharply through a peak. Each coil is tested in this way and if the 
peak voltages occur at different settings of the generator that coil 
wjth the highest frequency setting bas the lowest indu~la.f?ce and the 
other coils must be reduced to the same value. This 1s done b} 
;emoving from them one tum of wire at a time until the resonant 
paint of each coil falls on the same setting of the signal aenerator 

Naturally this method of adjustment should not be carried 
nevond narrow limits and two or three turns should be the maximum 
number removed. If a greater discrepancy between the coils tht 
low inductance coil should be inspected for faulty winding or 
shorting turns. 

CHAPTER 3 

H.F. Qokes 

In the ordinary receiver the H.F. Choke can never be bettet 
than a compromise - even for one waveband a properly desi111td 
.-:hoke can have its maximum efficiency at only one frequene}' 
although the dr<>p in response is gradual enough for working alt 
over the band and one choke will suffice for the medium and Iona 
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wavebands-and the cause of this is easily seen when the theo The only test n~ccssary for the choke ia a simple continuity 
of the choke is understood. ~ check.. 

The purpose of the H.F. clioke is to allow low frequency · In all circuits the c.boke should not be allowed to approach 
to pass ~n to fu~er circuits after separation from their H.F other wiring in the same valve circuit, particularly if it is an anode 
carrier whilst blockrng the H.F. and by-passing it to earth (as in the. choke as is usually the case. The bypass condenser lead should go 
case of the ordinary triode detector); to prevent H.F. from entuinr directly to earth by the shortest route, and in Ultra Short Wave 
the high tension supply; to pass H.F. from radio frequenc) equipment it is beneficial to run all bypass leads to one main 
ar.nplitiers to follo.wma circuits with as linle loss as possible. as it connecting point on the chassis. 
Fig_. 2, togel;her with other less frequently ~sed .apppcations. ~ bi~ Medium and long. wave ch~kes ~ be screened if desired if the 
res1Stan~ w_ill oppose. a ftow of H.F. ~ 1s sometimes used m tbt precautions observed ID screenmg coils are noted. 
anode crrcwts of nd10 frequency amplifiers and detectors but an: 
H.F. ch~e will perform t~e same function without the hiah voltaie1 CHAPTBR 4 
drop which must of necessity appear across such a resistance. Power Transformers 

The action of the choke depends upon the fact that if a radi Transfotmef'S may be reaanlcd efilM:r as impedance or voltage 
frequency signal is applied ~ a long ~re whose. electrical lenath is ma.tohing dcMces, and when oeeilJUni power tranSformer\Cl it is more 
i of the wavele~gth of _the s1grial applied a s~ding voltage wave is convenient to coD&ider the 'YOl.taae mdos. 
set up .on t~c wire or, m other words, the wtre behaves as if it bad Transformers for power supplies consist of two coils, or sets of 
very high impedance at one end and very low impedance at the coils, wound on an iron core to assist the coupling betwce:D them 
other. If one end of the wire is earthed (via a condenser) therefore. and thus improve their mutual induc:tance. Power from the A.C. 
the other end of tile wire opposca the passage of H.F. currenta of the mains is supplied to one coil or set of coils and the magnetic flux set 
resonant trcquency. up in the iron core and around the coil inducea currents in the 

Thus all. that is required is to wrap the length of wire into a second set of coils, the voltaaes across theac coils being either b.iab.er 
more c~nvenient form, and it will be realised that a high number of (atep up) or lower Estep down) than the voltage supplied. 
turns will be necessary for the lower frequencies. The characteristics The ooiil illo ~ch pawer is fed iis known as the lllrimat'Y, thoae 
of the choke arc not greatly changed by coiling the wire. from whi~ is taken 8n'J known as secondaries~ and ID ~o 

For the medium and long wavebands it is not economical to f ............ ---' - A~ wiDdi a• 
construct H.F. chokes but should it be desired to do so a convenient ~ tra ormen are 0 """"' step up '*Al .. ....., uvwxi n_. 
method 1s to slot an ebonite rod I H in diameter with six equally The size of each winding bears a very definite relationship to 
spaced rings each i"' deep and t" wide. winding 500 turns of No. 34 the power supplied to or drawn from it. the number of twna 
S.W.G. enamelled .copper wire In each slot (Fig. 78). The windinp, controllina the volta~ and the resistance. expreaed as the diameter 
~f course. are canr1e~ fr~m slot to slot and are all in the same direc- of thf' wire, controllmg the current. 
tron of rotation. This gives 3,000 turns of wire, the two ends beina The number of turns varies inversely aa the size of the core. 
anchored to soldering tags or terminals threaded into the ebonitc The core is built up of thin sheets of iron In the form known u 
former. a laminated core, and this is a method used in practically all A.C. 

When a set is to receive medium, long and short waves a sbon apparatus. Clearly the rapidly. varying. m~gnctic flux. will ~duce 
wave choke should be wired into circuit before each medium and currents in the core as well as ID the wmdinga around it and if the 
lo~g ~vc c.hoke-that is neeccr the valve in queation-the cbokea core were one mass of metal with a very low resiatance the current 
be111g m senes. Short wave chokes arc simple to calculate by usinp so induced would be exceedingly high. It is necessary therefore to 
the i wavelength ruling; for example a choke for wavelengths around increase the electrical resiatance of the core which can only be done 
SO metres wou)d have 12.S metres (41 feet) of No. 34 s.W.G. as described. by splitting it into thin sheets and insulatina each 
enamell~d or silk covered wire wound on to a narrow paxolin aheet from the next. Eddy currents will still ftow but the total loss 
former m three or ~our small banks, the banks being spaced to cut of power so caused will be far less than it would otherwise have 
down the sclf-capac1ty. For Ultra Short Wave work the wire becomes been. 
o1~ry shor:t and. is then best ~01;1nd on to a glass rube of suitable Laminations are insulated in several ways-by chemical treatment 
diameter ID a smale spaced wmdma. of the metal awface. by varnish. by very thin cemented paper-and 

Transmitter and oscillator chokes for amateur equipment m&) there are two main shaJ)e' of laminations, the B and l type and tbo 
be made in. the same way with !lny necessary allowance in the wire T and U type, both sets giving a three legged core Wl8. 9a). 
gauge to suit the probably heavier currents flowing. · When the laminations are being inserted into the flniabcd coila 

Chokes are better unimpregnated, and if protection is thought on their former they must be alternated. that is an B must ao in 
:~ ~ necessary fOT the 3.000 tum choke it is best provided by from the left with an I from the right then an I from the left and an 
winding cellophane tape round the former or by cementing a aheet B from the right and so on. the laminatiODI being brought into 
of celluloid over the wire. light contact with no air saps. 

JI 
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(A) 
Shadad Portion on (e) Shows 
Core Araa. 

Fig SI. Transforiur Corea 01111 

The ~oss sectional area of the core, Fig. 9b. is chosen from the 
formula pven by Tbe ltadJo 0etqntn• Handbook Ili1fe where 

JW ' • 
A=-

S.S8 

~here W i~ the volt·amperes output, and A is the cross section area 
m square tnches. 

Example 1. 

A tran.aformer is to supply 300 volts 100 mA·s. 4 volts 2 A. and 
4 volts 4 A. 

The total output, therefore, is 

JOO 
300x-+4x2+4x4 

1,000 
= 30 + 8 + 16 = 54. 
~54 

Therefore A = -- or 1.3 square inches is the necessary core area 
S.S8 

. The formula. connecting the number of turns in a windina with 
a a1ven vollaae, size of core, frequency and ftux density is 

4.44 x P x H x N >< A 
B=--------

100,000,000 

wbere ~ is the voltaac '?PPlied to or supp!ied by the windina. F ir 
the mams frequency. H is the number of lines of magnetic ftux per 
equare inch in the iron and A ia the cross eectionat area of the core 
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U E 1s allowed to equal 1 then the calculation will give the 
number ot turns per volt for any winding on that core. 

It is supposed that often transformers will be rewound using 
ma1erials to band, and in this case the characteristics o! the iron will 
not be known. The best comprorruse in such conditions 1s to kt H 
equal 60,000 lmes per square inch, a figure at which many power 
l!ansformers are run, although if winding space and other conditions 
permll this may be reduced to 50,000 lines. A, it must be remembered, 
is butll up of laminated sheets which have insulation on one side at 
least so that 1he actual magnetic area will be only 90% or so of 
the geometrical area. This measured area, then, should be reduced 
by 10% for the calculation. The shape of the core must be well 
proportioned, each outer limb having ha.If the width of the middle 
limb on which all the windings are placed in layers, thus occupying 
the wmdow space "a X b" of Fig. 9a. The general order of the 
windings is primary inside, nearest the limb, the H.T. secondary 
and the heater windings outside. of which there are usually at least 
two, one to supply the rectifier heater and one for the valve h.:aters 
of the receiver or apparatus. 

The regulation of the transformer is very important-that is 
the virtue of its having only a small output voltage variation with 
varying current loads-and depends to a great extent on the iron of 
the core, the shape of the core and the filling of the window space 
with windings, there being no large gap between the last layers of 
wire and the outside limbs. The core must be large enough and the 
wire diameter fully adequate to handle the loads expected. 

The main losses in a transf.ocmer are "iron" and "copper' 
losses; those watts lost due to eddy currents and the purely magnetiz· 
iog effect on the core, and the watts lost due to the currents flowing 
in the resistances of the windings. Theoretical transformer design 
requires these losses to be equal when the transformer will be at illl 
most efficient worlting level, but for the purposes of small transformer 
design it will be sufficient to base all calculations on a theoretical 
efficiency of 80% instead of 90% or so which, with care, will bo 
obtained. These losses will be dissipated as heat and any transformer 
which beats up in working to anything but a small degree is inefficient 
and wasteful. Power is being lost, regulation will be poor 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. 9c, a tube which 
will fit the oore tightly with end cheeks to clear the window space. 
and through which the leads pass. Such a former can be made of 
stiff cardboard well shellaced, or of thin paxolin. Cardboard is quite 
suitable for ordinary voltages; the tube is first made to fit the core 
and the end checks are fitted, theTI the whole is well varnished and 
allowed to set hard. It will perhaps be best to follow the design 
and construction of a specimen transformer throughout 

Example 2. 
A transformer is to be made with the specification: Primary to 

be tapped to 210. 230. 250 volts, Secondaries, 3S0-0-3S-O volts, 
120 mA's., 6.3 volts 3 A. and S volts 2 A. 
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The watts ratings, tbe.refore, are:-
350 x 120 mA's (only half the H.T. winding 

supplies current at one time = .. . . .. 
6.3 x 3 = 
5 x 2 = ... 

~iv1ng an output total wattage of 
or, say 71 watts. 

42 watts. 
18.9 watts. 
10 wans. 

i0.9 watts. 

./fj 
The cross sec11onal area of the core should be at least A = --

5.58 
or 1.5 square inches. and assuming an efficiency of 80%. which 
should certainly be bettered in practice, the input wattage is therefore 

100 
71 x - or 88.7 watts. 

80 
At a working voltage of 230. therefore (the usual mains voltage) 

88.7 
the primary will take -- amps. or .4 amps, near ly, and the wire 

230 
f!1USt be chosen to carry this current safely. The question of insula
tion enters here. 

Commercial transformers, as inspection will show. arc most 
often wound wi1h enamelled wire. but conditions are different from 
those obtaining for home construction. The commercia l transformer 
is machine wound so that the wire ca°' be, and generally is slightly 
spaced between turns so that there is no rubbing of the enamel, 
whilst the wire tension can be more accurately controlled. For amateur 
construction enamelled wire can be used but on no account should 
it be wire taken from old coils or transformers. It must be new and 
e~ery precaution must be taken to ensure the covering is not cracked, 
kinked or rubbed for a breakdown in insulation in any windin2 
renders the whole trnnsformcr useless. 

Probably the best plan is to use enamelled wire with the added 
protection of a single silk covering for the heavier primary winding. 

A suitable core is now chosen, one with an area of 2 square 
inc.hes (reducing to an electrical rurea of 1.8 sq. ins.) being before the 
wnter. 

The turns per volt formula becomes, then, 

4.44 x SO x 60.000 x N x 1.8 
) =-----------

100.000.000 

hut if desired a factor can be produced relating to all t ransformer~ 
where H is taken as 60.000 by leaving out the terms N and A. 

This factor, obviously. for 50 cycle mains, is 

4.44 x 50 x 60,000 
l == x All. 

100.000,000 
= .1332 AN 
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•O that the formula for this transformer becomes 

1 = .1332 x 1.8 x N 
= .24N 

I 
and N = - or 4.2 turns per volt . 

. 24 

The windings can all be calculated. then. the primary having 
250 x 4.2 = 1,050 turns tapped at 966 and 882 turns, the secondary 
bas ;oo x 4.2 = 2,940 turns. centre tapped, the valve heater 
secondary has 6.3 X 4.2 = 26.S turns and the rectifier secondary 
has 5 x 4.2 = 21 turns. 

The size of wire, as already shown, affects the current flowing in 
the winding, and for this type of transformer the gauge may be 
chosen on the basis of a current flow of 2,000 amps. per square 1och. 

The primary draws .4 amps. so from the wire table it will be 
seen that S.W.G. 26 enam. and single silk will be suitable; for the 
H.T. sccondairy enamelled wire with an interleaving of thin waxed 
paper between each layer will be used, and to carry the 129 mA's 
S.W.G. 34 will be suitable. 

S.W.G. 18, enamelled, will suit both beater windings, and to 
make up losses one extra turn is usually added to the calculated 
figures for these two coils. 

It is now necessary to pay some attention to mechanical details 
and to check over the dimensions of lbe former. The size of the 
window space. a x b, as shown in Fig. 9a, is It" x It" and the 
former may be supposed to be made of one-eighth material, card 
or paxolin. This will reduce the available space in three directions, 
leaving the depth of the window one inch and tbe length one and 
five-eighths inches. The space taken by each winding must now be 
calculated. 

The Primary 
S.W.G. 26 enam. and single silk winds 48 turns to the inch, 

so that the former will take 48 X Ii turns per layer, or 78 turns. 
1,050 

The number of layers will be - - or 14 layers and the height will 
78 

therefore bet". 

Tbe H.T. Secondary 
S.W.G. 34 enam. wire winds 100 turns per inch so that each 

1, layer will contain 100 X Ji or 162 turns. The number of layers will 
2,940 

be -- or 19 layers, and these will be one-fifth inch high. 
162 

Heater Secondaries 
S.W.G. 18 enam. wire winds 19.7 turns per inch so that one 

layer will comam l!i'.7 X It or 32 turns so that each heater winding 

).f 



COIL DESIGN AND CONSTRUCflON MANUAL 

will fit into a layer comfortably, and the whole wire height of the 
two windi.oas together will be under tN. 

The total beigbt of the wire alone, then, is t + l/Stb + t or 
t inch, leaving t inch space for insulation. 

When the fonner is made, sbeUaced and perfectly hard the 
cheeks may be drilled for the leads using the figures above as guidt$ 
or the holes may be made as the work progresses providing there ii 
no chance whatever of damaging the wire insulation in any way. 
The primary is wound first. the wire being cleaned properly with 
spirit. not by scraping, and having a flexible lead soldered to it. 
The soldered joint must be perfectly smooth with no sharp points 
or pro1ecting wire ends, and it is then covered with insulatin,t 
sleeving which carries the tlex lead through the cheek. The wire is 
then wound either by hand or by a simple winder. which is much to 
be preferred. All that 1s needed is a spindle turning in end plates 
or bearings. a handJe at one end. Two adjustable cheeks are then 
mounted on the spindle to grip the former tightly, the spindle 
(which might well be a long screw threaded rod) passing through 
the centre hole of the former. Tbe former is then rotated with the 
right hand, the wire being fed off its reel and tensioned evenly 
with the left. The turns should be laid evenly side by side and 
counted as they are put on. in the absence, as is likely, of a mechanical 
counter it is convenient to mark every twenty turns on a sheet of 
paper. 

The primary winding is not interleaved so that when the end 
of one layer is reached the wire is wound straight back on itself and 
tension must not be over tight for each comer of the former presents 
a sharp right angle bend to the wire whit.st the lower turns have to 
sustain the considerable strain of all those windings above them. 

Jt is necessary to understand the effect of one short-circuiting 
!Um if! any winding. It would .consist of a very low resistance loop 
m which. therefore. a very high current would be induced. tbtS 
causing heating and consequent burning of the insulation on ad
jo!ning turns of wire: w~ilst the extra load reflected into t~e primary 
might cause that wmdmg to be overloaded to the fusing point. 
It must be realised that the current flowing in the primary depends 
entirely on the load being drawn from the secondaries: with the 
secondaries disconnected 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 voltages can be taken out in 
the same n:ianner as. the taps on coils. by ~rawing out a loop of wire 
and returning the wtre to the next turn without any breaks or joins. 
or a flex lead may be soldered to the winding at the correct turn and 
well insulated. Whenever possible taps should be arranged to fall 
at the end of a layer so that they may be passed straight through the 
former cheek. If. however, they have to pass over several turns the 
insulation must be perfect and on no account must unevenness of 
winding be allowed in the next layers. Any bump in the centre of 
the coil will be maanifled in the later layers with a corresponding 
strain on wire and insulation. 
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When the ~ry is ~. and a flex lcia.d sold~ to ~ 
las.L turn, lhe w.inding must lbc s.osulated from dle following coils. 
The bc:&t matolial is EmpUe Cloth inteITl¥Ove.n with gl8S.1 fibres and 
known under such names as Glassito. bot plain ~ CJ<>Ch may 
~ used. Every ipart of the primary mtMt tJc covered, tho insulation 
being carried up snugly to the fcrmc.r Clbeeb. 

Many transfonners ha~ llill edec:trostaAic ~.wo~d avu .the 
primary to prevent intaferaice from the muns being indoccd mto 
the secondaries. Lt consists simply cl one layer of fine .insula!-ed 
wire-S.W.G. 34 eoarn, for example, one end of the ~ ~ 
11DChored i.memaMy and die od!« brought out tbroupi msulating 
sleeving. The end trougbt OIJl is eanhcd bo the TeceJ.Ver or other 
appen.tus worked from the itramform:r. Naturally just e.s much 
attention must be paid to the insulation ~ tho screen as of any 
olher winding; oo ~ is: .taken from . it ~ ooly one eGd bas a 
connection but shorting tumS woo!d give me to the same heavy 
overloads mentiooed above. 

U the screen is included another layer of Empire Cloth is wound 
over it. giving a smooth, even base for the H.T winding. A~ain .• 
flex lead is soldered to the start of the coil and 1.Dsulated but m this 
winding a sheet of thin paper is interleaved b~n each layer. of 
wire. Excellent paper for this purpose can ~ obtamed by stnppma 
down an old paper condenser of the Mansbridge type, any punctured 
parts of the paper being discarded. On each wire layer. on~ tum of 
paper is wound, fitting tight up the cheeks, and the wire 1s wound 
back over it to form the next layer. 

At the centre tap a flex lead is soldered to the wire and anchored 
firmly in the coil. the flex being taken throu&l! the cheek and the 
joint. as before, being perfectly smooth and .msu!_ated. When t~e 
H.T. winding is finished another layer. o~ Empire cloth or Gl~1te 
is laid over it and the valve heater wmding made, the commeocin11 
lead through one cheek and the finishing lead through the other. 
A layer of Empire Cloth or Olassite separates it from the last 
winding. thAt for the rectifier heater which is put on in the same 
way. . 

Study of any power P.Lck will &bow that die full, H:T· voltage tS 
established between the KT. and rediifter heater wmdings and the 
insulatioo between dlem must bD iperfec:t. A;rry breakdown here will 
immediately ruin both transformer and rectifier valves. 

When the f<innel' is wound it is given a last covering 9f cloth and 
the laminations are inserted into the centre aperture ID order as 
already explained. The stampings must be in.sert.ed carefullv for 
it may be possible to run a sharp ~e or comer mto and through 
the fonnec- material, cutting O!' scrapmg the primary winding. 

The leminations must bo damped into a solid mass with wooden 
or metal c1a.mps whlcb can also be drilled to provide fixing holes f« 
bolting the tt'an$fonner to .its c:bMsis. 

Testing . . d 
The first ite&ts to be given the 1ramfonner a.re oontinuity an 

insluations chedcs these being performed 'With a neon la.mp worked 
from the A.C. mams. One mains aee.d is 'taken to the meti1 oore of. 
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the transformer and the other, through the neon lamp, to each lead 
from the windings in turn. Any lighting of the lamp indicales a 
short circuil from a winding to the core which must be rectified. 
The next test is to check the insulation between the windings; 
transfer the lead from the core to the common primary wire and 
test the screen and secondary leads in tum with the neon lamp. 
transferring the mains lead from the primary to ·each secondary 10 
turn as the test progresses. 

Agam, any lighting of the lamp indicates a short circuit, but 
actually any short carcuits so discovered would be due to very 
careless workmanshi{> and are unlikely. 

finally the continuity of each winding is checked with the neon 
lamp, connecting it across each coil in turn, not forgetting the 
tappines, when the lamp should light. 

If a small mcgger is available really valuable insulation tests 
can be made but care must be used to choose a voltage below any 
break-down voltage calculated for the insulation used. However. as 
the P,eak voltage across the H.T. secondary of the transformer 
described would be almost 1,000 volts the transformer should certainly 
show a resistance of many megohms at 2,000 volts between windings. 

When the transformer bas been checked for insulation and 
continuity, its voltage ratios can be checked. The primary is connected 
through the suitable tapping to the A.C. mains, with all the secondary 
leads well separated so that no two can short-circuit together. 

Never check secondaries by touching the leads together to 
produce a spark - results arc spectacular but impose an unnatural 
strain on the primary and should the transformer have been wound 
to close limits the high currents 8.owing will probably fuse a winding. 

Switch on with the primary only in circuit. After a slight thump 
or click there should be very little hum from the core, and any 
appreciable noise indicates loose laminations which must be tightened. 
Let the primary run alone for ten minutes and check for warming 
up. ADy temperature rise indicates either a totally incorrect winding 
size or shorting turns in any one of the windings. 

lo either case connect an A.C. voltmeter across each secondary 
in turn, and note tbe voltages obtained from each. If they are all 
low. and the transformer is beating up. it is likely that there are 
shorting turns in the primary. lf one voltage is low there arc 
probably shorting turns in that secondary alone. Any winding wirh 
shorting turns must be rewound but if the work has been done 
properly and good wire used there is very little reason for this Caul! 
to occur. 

Check the voltage on the H.T. secondary from the ccn1re tap 
to either end of the winding-there should be no difference in the 
readings, or at most one of only one or two volts. The heater 
winding voltages will be a little high but when the load is applied 
they will fall to their correct value. 

If the voltages arc correct the transformer may be finished and 
coupled up, but a power test is advisable. For this, non-inductive 
resistors of adequate watts ratings must be used in the following 
manner 

The H.T. secondary supplies 350 volts at 120 mA's or. 
disregarding the centre tap, 700 volts at 60 mA's. This is a wattage 
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700 x 1,000 
of 42, the resistance needed being R = or 11,666 ohms 

60 
which might well be made up of lamps whilst the ~.T. windings 
can be tested on load using a resistor of 20 watts rating, 2.1 ohms 
for the valve beaters winding and one of 10 watts, 2.S ohms for the 
rectifier winding, or, of course, the actual valve heaters ~o be used. 

The test should run for an hour at least 8:Dd the ~ase .of t~m
peraturc of the transformer tested-in commercial practice 1t might 
rise by 40• centigrade, bot this should be bettered. . 

When the testing is completed the transformer can be .finashed. 
U the core is clamped satisfactorily and the transfo~er is to be 
permanently installed nothing more need be done but 1f the trans
former is to be used for experimental work the leads ~ould not be 
used for direct connections but should be taken to terrrunals, moun~ed 
on paxolin in the form of a stl'ip secured by two of the clampmg 
bolts. 

If the transformer can be mounted in an iron case or can, any 
stray fields which might give rise to hum can be suppressed. The 
old case of a choke or transformer could be used or eve~ a h~vy 
tin. In this case the leads should be brought o~t through insulating 
bushings or the terminal strip should be well .ms}llated. The C!lSe 
or can should not be allowed to touch the ~dmg !lt any point, 
both to assist in insulation and also to allow aU" to circulate freely 
for the purposes of ventilation. 

In some cases the most tiresome and painstaking work, that of 
winding the H.T. secondary coil, can be avoided. :The tr:ansformer 
can be made on a proportionately smaller ~re with pnmary and 
secondary windings t<? feed the valv.e and rec~er heaters._ the H.T. 
being drawn straight from the mams by ~g the rect1fi~r as . a 
half-wave device (Fig. !Ob). This system IS used extensively 10 

television design. 
The oper~tion of the pow~r pack as a whole may h~re. be 

i;unsidered, with reference to Fag. 10a, where the transformer 1ust 
described is shown in its circuit. The ~.T. secondary has been 
wound to give a R.M.S. voltage of 350 which. mea!ls that the peak 
voltage will be 350 x 1.414 (peak value of a smuso1dal wave). 

Thus the rectifier anodes will have peak vol!ages of 495 volts, 
the whole winding having a peak voltage aci:oss ~t of 990 volts and 
even after the voltage drop due to the rectifier 1s allowed for the 
capacitor. A, bas a voltage across it well in excess of ~SO volts -:
probably 450 volts. This explains why the vpltage ratmg for this 
capacitor is necessarily high; a 350 volt working component would 
soon fail in this position. 

The actual value of the condenser in microfarads is more or 
less of a compromise for the final output voltage of the power pack 
depends to a great extent on tbc size of the reservoir. It ~t w_ere ~o 
be omitted the output voltage would be very low and as 1t rises m 
capacity so the output voltage rises towards the peak yalue. B~forc 
the peak voltage is reached, howev~r, the condenser. is excessively 
large (and expensive), but moreover, at would be drawing very heavy 
currents from the rectifier valve on each surge or peak of tile cycle 
and the valve wo11ld soon lose its emission. 
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Fl;. 10. Rectifier Circuit.. 

Valuable protection to the rectifier and transformer can be 
given by inserting simple fuses in the circuit as shown in Fig. 10. 
They can be of the flash lamp bulb type, with a current rating to 
suit tbe load to be taken from the power pack with extra provision 
for any surges that might occur as the condenser charges up. 

Kiah Voltaae Tramformen 
It i.s unUkely that the amateur will attempt the task of winding 

a High Voltage Transformer such as would be used to supply a 
lar&e cathode ray tube, but a few points of High Voltage practice 
mi&ht be touched upon. 

Firstly, the peak inverse voltage across a typical television 
transformer might reach as high as 10,000 volts, so that great care is 
essential during testing to see that no risk of touching any live 
circuit is taken. 

Secondly, the positive side of such a power pack is usually 
earthed, so that strain is placed on insulation in many waya. For 
example the primary of the transformer might easily be earthed via 
the mains; in such a case the end of the secondary nearest tbe 
primary would be the earthed end. thus preventing a large potential 
difference directly across the insulation separating the winding_,. 

Thirdly air insulation is often relied upon. At high voltages a 
trace of moisture upon an insulating surface might give rise to 
sparking or arcing which, while slight at first would rapidly become 
something approacbing a short circuit. For this reason the layen 
&f the secondary are not carried to the end cheeks of the former and 
as the winding arows outward from the centre the layers are made 
shorter, giving a pyramidical or stepped effect. In this way. aa the 
potential above earth rises through the winding so does the distance 
between any earthed object and the winding increase. 

Fourthly, the potential difference between the rectifier heater 
winding and the H.T. winmng makes it necessary to have perfect 
insulation between the windings, a separate beater transformer helping 
in this respect. Metal rectiflers give very good results for cathode 
ray tube power supplies. 
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CllAPTER s 

Low Frequency Chokes 

The Low Frequency Choke is used in the power pack to filter 
out. bum from ~e current supply, for intervalvc coupling and in 
vanous forlJ'!S of mput and output circuits. SlighUy different methods 
of con~trucuon arc .used de~dent upon whether the choke is to 
carry direct current ~ the ~ding .u ~ll as A.C.; in a power pack 
for e?lample, D.C. 1S ftowmg whilst m a parallel fed intervalve 
coupUn& D.C. would be excluded by a blocking condenser. 

The.~ect of D.C. in the winding is to decrease the incremental 
pcrmeab.1lity of the core material-in practice a laminated core is 
used as 1~ the transfonner-so that the iron saturates more rapidly 
ar.d the mduct.aryce of the cbokc is lowered. This inductance loss 
can only be partially countered by arranging to bave a small air gap 
between the sets of laminations in the assembled core. 
. For chokes carrying A.C. alone, therefore, the laminations are 
mtcrleaved : are •those. in .a transformer, but for a choke carrying 
D.C. !ind A.C. tbe lanu11ahons art: assembled with the two sets of 
stam~mgs one. 1n each side-that IS all the E's on one side and all 
tho I s oppost~ (~r all T's toge~er. opposite all U's, whichever 
type of Sl!lmp1~g JS used), and . it will be seen ·that in the core 
assembled. m this. manner tbere will be three air gaps, one at the end 
or each µmb (Fig. 11). So f~. aa the magnetic circuit is concerned 
even a ti&l!llY clamped ~utt JOmt acts as a small air gap and for 
correspondmgly larger arr gaps a piece of thin tissue pape~ may be 
inserted bel\'!een the end of each. limb and the opposite laminations. 
!he calculation of the ~o~ect air gap for any sragle case is rather 
involved, ho.wever, and 1t is recommended that for mixed A.C. and 
D.C. operation the gap should be decided upon by experiment. As 
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a rough guide il may be said thal lhe close _butt joint will do for 
currents of 5 or even l O milliamps but for h1g~cr currcnls the gap 
must be widened by inserting a .0005" sheet of tLSsue or more. 

Chokes for Altm>ating Current Only 
These are chokes as use~ for interv~lve c~upling, Lone control, 

bass boosting resonant circuits and audio osc11lators, wherever the 
current feed to the valve is "shunted". The inductance of the choke 
is given by:-

3.2 x N2 x ,,. x A 
L = ~~~~~~~-

J X I 00,000,000 
where L is the inductance in hcnrys, N is the number of turns. of 
wire, ,,. is the incremental A.C. permeab~ity. of t~e ir<?n core ma.tenal, 
A is the cross sectional area of !he winc_lin$ hmb m square mchcs 
and I is the length of lhe magnetlc path m mches. . . 

A safe figure to use for ,,. is 1,000 11!11ess greater ~nformation 
about the core material is available, and I lS measured d1recUy from{ 
the laminations. A well-shaped core has the two outer legs. only ha! 
the width of the inner or winding leg so lhat the ma~e11c path rs 
split equally into two, and the length, I, to be measure~ 1s ~he ~entre 
line of ON£ of these two paths as shown by the dotted hne lD Fig. 11. 

Example I. 
A choke to possess an i!tduct~nce of. 100 bcnrys is to be wound 

on the core of Fig. 11, the d1mens1ons bemg as shown. 
Calculate the number of turns and ·the size of wire. 
l is measured on the ccre along the path shown and is 6.2 

inches. The area of the winding limb is .8" X l" or .8 square 
inches, and as the permeability has been taken as a low figure ~ere 
is no real need for the 10% allowance to compensate for the thick
ness of the lamination insulation. The formula becomes, then, 

3.2 x N2 x 1,000 x .8 
100 = ~~~~~~~~-

6.2 x 100.000,000 
or N2 = 24218750 
and N = 4.920 turns nearly, say S,000 turns. 

The winding space is .6". x l.3H and allowing . l" °!ch way,, for 
a former with end checks this reduces to an area of .5 X 1.1 or 

1 
. 55 square inches, so wire must be used which will wind -:-S'S X 5,000 

tums per square inch or 9.090 turns per sq . inch. Reference to 
the wire tables shows that S.W.G. 34 enam. wmds l~,OOQ t~rns per 
square inch which gives a little room for unevenness m wrndmg: 

The choke is finished in the same waY. as a trans.former. wit~ a 
ti!lhtly clamped core and a tape or cloth b~nding t<? protect th!= "!Ire 
Nli provision has here heen made for mtcrleavmg the wmdmg.s 
will• paper as it is unlikely that any really dangerous voltage would 
be set up in such a choke. 
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Chokes for Mixed Currents 

Where the choke is to carry O.C. as well as A.C. it will 
scarcely be possible to wind such a high inductance (should it b6 
needed) on such a small core unless the D.C. component is practically 
negligible. ln the first place the wire would need to be of a heavier 
µuge to carry lhe current as well as to reduce the D.C. resistance 
to as low a figure as possible. For example, it may be n~ary to 
use a choke as the anode load for a valve for the reason that a 
suitable resistance load reduces the anode voltage to too low a figure. 
The choke will still present a high impedance to the A.C. signal 
but the D.C. resistance must be low or otherwise the whole purpose 
of the choke will be defeated. This means a thicker gauge of wire 
and therefore a larger core, for the number of turns must still be 
high lo maint!Un the inductance and therefore the impedance to the 
signal. The simplest way out of the difficulty is to measure the 
winding space of the core to be used and choose a gauge of wire 
which when wound to fill the space will itive a D.C. resistance 
suitable for the permitted voltage drop. This may be done by 
tak.ing the length of an average tum on the winding limb, multiplying 
the number of turns given by the wire table by this length to find 
the whole length of wire in the winding, and then to check the 
resistance of this length in the wire tables. 

The length of the average tum is, of course, the average of the 
lcnath of the first and last turns on the winding and may be measured 
on the cheek of the core supposing the average turn to be geomet
rically situated at half the winding depth. 

Smoothjng chokes also may be wound in this way. Choose a 
suitable core with a cross sectional area of at least 1 square inch and 
a window space of at least 2 square inches and decide from the wire 
rabies the gauge of wire which will carry the maximum current 
safely, using a current density of 1,500 or 2,000 amperes per square 
mch. Enamelled wire is suitable for the winding and again the 
layers should not need to be interleaved, the space which would be 
used by the paper being of greater value if filled with v.ire. 

The gap can be adjusted experimentally by allowing the choke 
to supply filtered O.C. to a sensitive receiver or amplifier. The core 
clamping bolts are loosened just sufficiently to allow the sets or 
laminations to be moved and the space between them is &radually 
o>pened until the bum in the loudspeaker, with no signals and U!e 
gain control right out, is at a minimum. nie gap can then be set 
with a paper or very thin fibre packing and tbe core reclamped . 

The testing of insulation and general performance of the choke 
can be modelled on the lines described in Chanter 4. 
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CHAPTER 1 

Chokes Carryina Direct Current 

Inductance 
Chokes of this type are generally required for one of two 

purposes: (1) Smoothing, and (2) Coupling. In either case, the induc
tance necessary is based on the impedance which it will have at a 
certain frequency. For smoothing, t4is frequency is that of the 
ripple t-0 be eliminated in smoothing, and for coupling chokes it ll 
the lowest frequency required to be reproduced. 

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

XL= 2,.fL, 

where .. is 3.14, f is the frequency and L the inductance in Henria. 
For a smoothing circuit. the condeoser reactance must also be 

known, and this is )Pven by the formula:-

1,000,000 
Xe=---

where C is the capacity io Microfarads. 
If a smoothing circuit is required to reduce the ripple voltage to 

l/40th of that across the reservoir condenser, then the required ratio 
of reactance of smoothing choke and condenser will be given by 

Xe 
-=-
XL 40 

Assuming an 8 mfd. electrolytic condenser is to be used, then ita 
reactance to a ripple voltage of 100 cycles (the predominant frequency 
from a SO cycle full wave rectifier) will be 

1,000,000 
------- = 200 ohms approx. 
2 x 3.14 x 100 x 8 

Therefore, the reactance of the choke must be 40 X 200 or 8,000 
ohms. From the formula, 8,000 = 2 .. lOOL, therefore 

8.000 
L = = nearly 13 Henries. 

2 x 3.14 x 100 

In the same way, the inductance can be calculated for any given 
degree of smoothing. 

For a coupling circuit, the inductance must have a ~ivcn reactance 
at the lowest frequency to be reproduced (usually taken as SO cycles 
for good reproduction, although other values may sometimes be 
desired, see Chapters 2 and S). This reactance is usually taken u 
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Fig I. 

S cc l ion 

Giving Winding 

Space {'x f. 
I" 

Allowing 6 for 

In•ulotion over 

Winding. 
s• 7 . 

Arco= 8 x i6 =0·273 •q.111. 

equal 10 the valve's anode load impedance. 
Thus, if a valve bas an optimum load impedance of 10,000 ohms. 

and is required to handle down to 50 cycles, the value of inductance 
required in a coupl.ini choke will be 

10,000 
L = = 32 Henriea approx. 

2 x 3.14 x so 
These values of inductance must not be regarded as obtainable 

10 areat accuracy, as the actual value for any given applied A.C. 
voltage i! dependent on the D.C. current ftowina 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 not 
vary too much if operating should change, due to changes in maina 
voltage. It would be well to design the chokes in the above examples 
to have inductances of, aay. JS and 40 Henries respectively. 

Current ud Volt Drop 
The direct current to be carried by the choke will be fixed by 

other considerations. In the case of the smoothina choke, by the 
total current to be taken by the set, and in the case of the coupling 
choke by the anode current of the valve. As well as bei.Dg required 
to Jive the required inductance at this current, there will usually be 
an additional requirement that the choke shall not drop lll()re than a 
certain voltage D.C. across it, due to its resistance. 

We now have three factors, which roughly determine how large 
the choke must be physically. These three factors and the size do 
not have some simple relation, such as that the size of the choke 
m. say, cubic inches, is equal to the inductance x current x volt 
drop. For this reason, Tables J-S have been prepared to give a quick 
means of finding a suitable deaign. 

Choice of Stamping.a 
There are available. from different manufacturers, hundreds of 

different shapes and sizes of laminations which could be used for 
chokes. Some arc definitely wasteful to use. as they would require 
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Fl9. 3. 

a heavier o r more bulky design to meet certain requiremefnts. 1J!c 
sha shown in Figs. 2. 3 and 4 are good sha~ to use rom e 
vi ~int of obtaining any required values ?f indu~tance, current 
an~olt drop in the smallest or lightest possible furthdes1gu. J1:e . .:ape 
at Fi . S is that known as the "waste-free" ~for . er e aJ •.sec 
Cha ~er 5) This is also a good shape, especially in the larger sizes, 
and Pbas the additional advantage that it is ofte'! cheaper thhan of ~r 
sha es Jn the smaller sizes, the disadvantage as that muc o c 
win'din'g space is taken up by the bobbin, due to the shape of the 
.. window" · f Thcr~ is another factor which may influence the choice o 
laminations. If there is to be a larae A.C. voltage .across the choke 
(such as there is in a choke for use between the recttfier an~ resd ervoar 
condenser) then with aome designs there will be a loss _of m uctance 
due to th~ fact that the iron core will be satura~ed Wlf th Af·· over 
and above the effect due to the D.C. A aood design or sue a ~ 

Jo a shape such as that at Fig. 2 or S, and preferably a fauly 
i!':ie ~ack or thickness of laminations (i.e .• if there should be a 
choice bet~een, say, a i'N stack of ?DC size, or a larger stack of a 
smaller size. then the latter would give best results). 

F19 S 

Use of Tables 1·5 . · II f h' h 
The first table gives a range of 36 d!ffcr~nt designs, a o ~ 1c 

can be wound using a It" stack of l~manat1on! as. shown at Fig. I. 
allowing for a bobbin made of matenal I/16th thick. There arc six 
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different values of inductance given for each of six different values 
of direct current Jlowing. These necessitate a number of different 
windings. of wbich the turns and resistance are shown in the table. 
The D.C. Volt Drop is also tabulated for convenience. 

lf the value should be outside the range covered by the 36 
given. then il may be obtained with the aid of tbe factors at the 
bonom of the cable. Two examples will best illustrate the use of 
these factors:-

Example I . 
An inductance of 200 Hennes at 5 milliamps is required. In 

the table is shown a value of 20 Henries at 50 milliamps. The factors 
at the bottom show that if the induciance is multiplied by JO 
<bottom line), then the resistance and volt drop will each be multiplied 
by 32. and the turns required by 5.6. Thus, an inductance of 200 
Henries at 50 milliamps will have a resistance of 250 x 32 ohms, 
or 8.000 ohms. givintt a volt drop of 12.5 x 32, or 400 volts, and 
requiring 3.600 x 5.6. or 20,000 turns. approx. Now. from the 
previous line, it is shown that if the current is divided by JO, then 
the resistance is divided by 10. an the volt drop by 100, the turns 
required being divided by 3.2. So the inductance originally required, 
of 200 Henries at 5 miU1amps, will have a resistance of 8,000 .:.. JO. 
or 800 ohms. giving a volt drop of 400 + 100. or 4 volts, and 
requiring 20,000 + 3.2, or about 6.300 turns . 

Eitample 2. 
To design an inductance of 1 Henry at I amp. on this core size: 

In the table an inductance of JOO Heories at 10 milliamps is given 
as having a resistance of 550 ohms and requiring 5.300 turns. l amp. 
is 1,000 milliamps. or 100 x 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 time... and the turns will need to be 3.2 X 3.2. 
or JO times. As the inductance is to be divided by 100, the resistance 
due to this change will be divided by 32 X 32. or 1,000, and the 
turns required will be divided by 5.6 X S.6, or 32. Thus, the values 
given in the table for 100 Henries at 10 milliamps can be convened 
into those for I Henry at I amp. as follows:-

100 
Resistance = 550 x --= 55 ohms. 

1.000 
10.000 

Volt Drop = 5.S X --= 55 volts. 
t .000 
10 

Tums = 5,300 x - = 1,650. 
32 

Thus. it is seen that the table can be used to find the necessary 
value of resistance and turns to give any inductance and direct current 
on thi~ core size. If the resistance and volt drop are of a suitable 
value. then this size could be used, if laminations are available, and 
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when the coil is wound, it is necessary to find the air gap required ,, 

from the tables in Chapter 4. TABl,E NO. 1. 

If the resistance or volt drop obtained in this wa'./ is either (1) 
Valuos or Curront Qnd Inductance ror 

Choke to Dimension" or Flaure I 
unnecessarily low, or (2) too high, then an appropnate core size 
may now be chosen directly from reference to one of Tables 2-S, GottJ'f~nt Inductance Roelstance Volts Turn• 
which list a variety of shapes, sizes and stacks, together with a mllllamps Henrie• Ohms droppe<J 
factor showing the relation between resistance and turns for a design 
on this size as compared to that having the same inductance at the 
same D.C on the sIZC shown in Fig. l , and tabW.at.cd in Table l. 30 100 I 2200 

It will be realized that it is unim~rtant whether the laminations 
50 200 2 3200 

take the form of B's and l's, or of s and U's, so long as they fit 
10 10 350 3.5 4100 

100 550 5.5 5300 
together to make approximately the sha~shown. If a wunping is 150 1000 10 7300 
available which does not fit all the · ensions shown, the best 200 1600 16 CJOOO 
method is to see which shape it most nearly resembles. This can 
readily be found by holdin~ a lamination in one band and this book JO 30 0.45 1200 

in the other, and by holding them at different distances from the 15 50 0,?5 1600 

eye so that the outline of the lamination and the figure in the book 
16 20 75 l,l 2000 

appear the same size. It will then be easy to see which of the 
so 140 2, I 2700 

four shapes given most closely correspond to the actual stamping. 
50 300 4.5 3900 
70 500 7,5 !5000 

To find the stack required, use the resistance factor column to 10 35 0.7 find what stack of the given shape whose dimensions B and C most I.COO 

closelh correspond with the actual stack which is required. Then, to 
15 65 1,3 1800 

find t e turns factor, use the size whose dimension A is the same 
20 20 100 2 iuoo 

30 180 3,6 3000 
as the actual stamping, and of tho same stack as nearly as possible. 50 <100 8 <1500 
Generally it will be seen that when the shape which is nearest to 70 650 13 6000 
the actual is found, the size as judged by the nearest correspondcncy 
of dimensions B and C will also give the right value for dimension A. 10 !55 I.? 1100 

15 LOO 3 2200 

Example 3. 
30 20 150 4.5 2800 

30 2?0 8.1 3?00 
Continuing the case of the 200 Henry 5 mHliamp inductance of 50 600 18 !5700 

Example I, su'f"ose that a 4 volt drop is uonecessanly low. Assume 70 1000 30 7300 

that a drop o 2()-2S volts can be allowed. This means that the 10 90 4.5 2100 resistance and volt drop can be S or 6 times tbat of the design 
given on the size of Fig. I. From Table 2 we find that a lamination 

15 160 8 :1900 
ISO 20 2!50 12.5 3600 

of this shape, having overall dimensions l" x It", will give a design so <450 23 4800 
having a volt drop of S.S X 4, or 22 volts, using a l" stack. Or a ISO 1000 50 6500 
larger one of the same shape, having dimensions U" X 2 3/16th", 70 1600 80 CJOOO 
and i" stack, gives volt drOJ> of 4.8 x 4, or nearly 20 volts. Using 
the shape of Fig. 3, from Table 3 we find a size having overall !5 45 3 1!500 

dimensions 2" x It" and stack t", which gives the same drop. This 1 ?5 5 2000 

would obviously be the most com~ct size for this particular design. 
70 10 120 8.5 2500 

15 230 16 3<100 
There is another alternative in able 5, using a i" stack of a 20 350 2<1 <1100 
lamination having outside dimensions l 9/16th" x It", and giving 30 650 45 6000 
a volt drop of ncarlft 20. In each case the number of turns required 
is calculated by mu tiplying the factor in the Tums Factor column x x x x 
by the number obtained from Table I, i.e. 6,300. 1-10 - +lO +100 1-3 • .t 

Example 4. 
x 

.f.32 
x x 

+10 +82 +!S.6 

Continuing the case of the 1 Henry 1 amp. choke of Example 2, 
suppose that SS volts is much too great, and that a limit of S volts 
has been set. Then a size must be chosen which gives a division 
factor of SS/Sor 11. The largest size on Table 2 gives 14; there arc 

- 48 49 

-



~ I 

COIL OBSION AND CONSTRUCTION MANUAL 
COIL DESIGN AND CONS'IRUCflON MANUAL 

TAIH .. R NO. 4. 
TABLE NO. 2. 

Value• o r Re•l•teneo end Turns compared to Values or Resistance and Turne comporact 

tho•o In Table N<>. I for cores ehapos as to those In Table I' o . I. for coreo 

•t Figure 2. shnpcd 0:1 at Figure. •• 

Dimension• Winding Core Turne R e s i s t ance Dlmenalone Winding Core 
to Flauro 2 Area I-Hack Factor Factor 

Turne Reslstanc., 
to Flaure 4 Area Stack Foe tor Fec t o r 

A . ;- t• x 2.a " 12 A . t• I t• 3 .4 
0.095 { 

x x 2.5 
B . IP t• x 2. I x 7.5 B - 2f" eq. In. t• 2. 5 

aq. In. 
x x 1.5 

c . I• 1 • x 1.7 x 5.5 c - 2• I• 2 x x I 

A . 1 • 0.17 { t· x 2.2 4.8 
p .• x 1.5 + I.'! 

x A . t• 
B . 2 ... aq. In. t· x I. 7 x 3 . 2 

1.65 *" x 2.6 x I.I 

c . I!• tt · 
B - 3 .7 /16• aq.ln. t• 2 

" 1.3 2.2 x + l.'I 
x c . 2•· it• x 1.5 + 2 .2 

A . t" 0 . 275 { t• x 1.7 x 2.3 1~· I I ... 3 , !! " B . 21· 80. In, It" x I. 3 1,4 x A -t• { f" x 2 + 1.1 
c . Ii-" 1i• Ae In Tab l e I. B . 4+" 2,4 Ji• I.'> x 3 

A • 1 • 0.55 
In.{ 

•• x I.SI ~ 1.4 c . 3• eq. ln. If" x 1.2 + ... 
B • st. sq. H • + 1.2 -;.2.3 2.1.• + I. I + 6.!I 

c . 2· 2• + I. 5 + 3.2 A . 1• { J• x 1.4 + !I 

I. I 
B - !It • 4,4 i t• x I + 8.l! 

A . It" 0 . 92 
In.{ 

1t• + + 3 . 3 c - ... eq . ln , 
B • 4i. 81). 1•· + I. 5 + 5.5 

2• + I. 3 :.. 12 ,. .;.. I : IA 

c . 2 •• 2 t" + I. 9 + 7, 5 
6 

A . i+• { lt" x I.I + IU 

" - It" I. 37 5 { • ·•. + I. 5 + 6. 5 B . 6f" 6.6 It" .., I. j ;. !If 
B • 5 •• sq. In. 2t• + ~ +I O c . IP sq.ln. 2t" +· 1. 6 + 25 
c . 3'• 3" + 2.4 +l.d a+• .;.. 2 .1 .., 40 

TA0£,E NO. 3. TABLE" N-0 . 5. 

Veluoa or Roelatonco end Turns compare d to V•luoa ot Real•tencee ond T ur.ns com po rod to 

tho•• in Table No. I ror core• ahaped as 
thoae In Table No. I ror Cot'os aha pod 88 

tit Pl11ure 3. at Pl1rure 5. 

Dlmon11lone Wlndln11 Coro 'l'u rn a Re~i .. tAnce Dlmenelona \Vlh.dlna Co,r·e '!'urn& Realtit.inco 

to F lauro 3 Are11 Sraek Fectn r Face nr LO Flauro II Area Steck Pac tor F'.ector 

A . t .. 
{ t· x 3.2 x 4.11 A . t• { +· 

B . 2• 0.33 
x 2.6 x 13 

p x 2.3 x 3 B . It" 0.018 t " x 2.1 x 8 
c . H• sq, In. 1.9 • It• I• x x 2 . 1 c Sq.In. I ~ x I. 7 x 6 

A• I• 
0.56 { i ·· x 2.4 x 2 A . 1· { f• 

B • H " •• x 1.9 x 1.4 
x 2.1 x '1,8 

aq,ln. B . ... 0.15 i" c • 1t• it• 1. 4 I . I 
x 1.1 x 3 . 3 

x c - 1.9116" aq , ln, 1t• x 1.3 x a .3 
A . t· O.d6 { 

t· x 1.9 x I 
B • 3. sq. In. 1t· x 1.4 +1.7 A._ t• { t• 1.7 2,2 x x 
c . II!• It" x I. I ..;..2.3 B . :ii-• 0 . 25 IP x 1.3 x 1. 4 

A . •• { I" +3 
c - If" sq.ID. li" As In Tab lo No, I. 

1.65 x I. 3 
B • 4• •••• I + 5 

sq.in. x c . 3• 2• + I. 3 +7 A . 1 • { 1• x 1. 2 + 1. 3 

A . 11 • It" + 7 B -3• 0.47 H• + I. I + 2 . I 
2 . 6 { x I c . 2•• .sq.In. 

B • 5 " Ii" ..;.. 1.4 +II 
2• to 1.4 + 2 . 8 

t; . Jt• sq.In. 
2 ~- + I. 7 +15 

11 • 
A . 1t• { tt• + I. I + 2.9 

A • 3 . 11 

{ 
1t• + 1. 3 +II B . 3-t• 0 . 875 lf" I.II 

a . 6" sq. In. 2t" + 1.1 +20 
+ + 4. 8 

c . sp sq.In • 2+• + l.9 + 1 . 6 
c . .... 3" + 2.2 +30 

A . 11" { H• ~ 1.4 ... 7 I B . 4r" 1.3 2t• + 1.9 + 11 
c . st• sq.lo, a• + 2.3 + 15 . 

so " 
SI 
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two in Table 3 that give 11, one in Table 4 that gives 12, and one 
in Table 5 that gives 11-a choice of five sizes. As this is a large-size 
choke. the best shape is the "waste-free", giving a 2t" stack of 
laminations Ji" x 4f'. The turns required will be 1,650 ..;.. 1.9, or 
about 900. 

For the method of finding wire gauge in these examples, see 
Chapter 10. 

As well as the variation of inductance mentioned already as 
due to variation of current and A.C. voltage, the D.C. resistance 
cannot be expected to conform to close limits either, because of 
slight variations io wire gauge from the standard. 

CHAPTER2 

lat~-Valvc Tr:msfonnera Carr)'fna: Direct Curreut 

Primary IDduct:mc:e and Resistance. 
Tables 1·5 may be used to find the inductance of any given 

number of tums on the sizes given, but the resistance calculated from 
these tables will be increased, and with it the volt drop. 

Suppose that the primary consists of 3,.000 turns on the fourth 
size listed in Table 3, i.e., a i" stack of laminations with dimensions 
A = t", B = 2t" C = l t" (see Fig. 3), and that the primary current 
is JO milliamps. From Table 3 we 'ICC that 3,000 turns is 2.4 timr.s 
as many llS would be required on t..ie size given in Table I to have;. 
the same inductance at the same current. This m-:ans that 3,000 -:- 2.4, 
or 1,250 turns wouid be required on I.bis larger size. Now. referring 
to Table 1, at JO milliamps Lhcre is no cumber of turns as low as 
1.250, but the factor at the bottom for multiplying or dividing the 
inductance by 10 is 5.6. Multiplyini 1,250 by 5.6 gives 7,000 turns. 
wbicb docs fall within the range given by the table. 5,300 turns give 
an inductance of 100 Henrics at 10 mA .. and 7,300 turns give an 
inductance of 150 Hcnries at 10 mA., so 7,000 turns will give an 
inductance of 11bout 140 Henries at 10 mA. Now, dividing by 5.6. 
lhis means that 1..250 turns on this size. or 3,000 turns on tbe actual 
size. will give 14 Hcnries at 10 mA. 

A. .. a choke, the 7,000-turn winding would have a resistance 
of about 90'l ohms (sec Table I. between 550 and I ,000, for 5.300 
and 7,300 turns respectively). By the factor at the bottom of Table I. 
the rdstance of the 1.250 turns will be 900 32 = 28 ohms approx. 
From the resistance factor in Table 3 for the actuaJ size, the resis
tance of a choke having the 3.000 turns as spedfied would be 
28 x 2 = 56 ohms. But, in this case, the primary will only occupy 
one-half or perhaps one-third of th:: total winding space. This means 
that its resistance will be increased by two or three times. to 112 
or I f>R ohrr. .. Th~ then. allows the remaining one-half to :wo-thirds 
of the space for the secon<lar}'· If a very high step-up is used. needing 
a very large number of turns on the secondary. then even less th:in 
one-third of the space may have to do for the primary. 

Choice or Si:ze. 
Of the siu:s shown ~n lh.! Mbics, the one already mentioucd is 

th..: 'bes.t foc an inter-vaJvo transformer for direct coupling. It gives 
the greato:it possible stcp•up Ju ainy given int.e:r-valve circuit, coosi~t 
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Fro~oocr c..p .. 
P19. 6. 

with a balanced frequency response. If a smaller size is used, theu 
either step-up must be sacrificed or the frequency band will be 
higher up the scale, giving a "thin" quality reproduction. If a larger 
sii.e is used, then again step-up must be reduced, or else the frequency 
band will be moved down the scale, giving a "woofy" reproduction. 
Choice or Ratio and TmDs. 

The response curves shown io Figs. 6 and 7 show various shape& 
of the frequency response obtained with the ratios and turns given 
in Table 6. For all these curves, the design is taken as beina for a 
transformer to work with a valve having an anode current of 10 
milliamps, and an anode impedance (not the optimum anode load) 
of 7,000 ohms. This would be a typical medium slope triode. 

In Fig. 6, the same ratio is achieved with three different numbers 
of tums. Curve AA is the result of using 4,000/12,000 turns; curve 
98 with 3,000/9,000; and curve CC with 2,000/6,000. 

In Fig. 7, different tums ratios are used, having the same number 
of secondary turns, 12,000. Curve AAA is obtained as in Fig. 6, for 
a 3/1 using 4,000/12,000; curve Bis for ratio of 4/1, using 3,000/12,000 
turns: curve C for a ratio of 5/1, using 2,400/12,000 turns; and 
curve D for a ratio of 6/1, using 2,000/11,000 turns. In this case, it 

+s 

0 

dll 

-· 
-10 

~ 

~ 
,. 

-
,?_ -

~ :;...-

0 
~ . 

" -.-..... .....;:: "'\ 

'\ ~ ... ~ 

'~\ 
~ 

-l~O. t Q. 50 70 .00. 100 JOO SOQ lOO ICIOQ 200o. JOOO. S000.7000 tOOOQ 20000. 

Pnqucncr. c.p.a. 
Fl9. l 

il 



COit. DESIGN AND CONSTRUCTION MANUAL 

will be seen that increasing the ratio narrows the frequency band, 
but that it is kept balanced about a mid-frequency of about 600 or 
700 cycles. l·or reproduction of music this is a good ideal. 

To enable the information given in these curves to be applied 
to other cases when other types of valve may be used, the column 
"~eferred impeijan.ce'.' is given. This is simply lhe anode impedance 
of the valve mull1phed by the square of the turns ratio. Any othc1 
transformer will have the same shape cut-off at the high frequency 
end of its response if it bas the same number of secondary turns. 
and the same referred impedance as that given in the table. The 
sbapc of the cut-off at the low frequency end of the response depends 
upon the primary inductance and the anode impedance of the valve. 
as stated m Chapter I. 

Example S. 
fo estimate the best ratio and turns for use with a valve havm11 

~ ~node impedance of 2,SOO ohms and an anode current of 20 
mllhamps. 

The widest frequency range is obtained with the use of 12,000 
turns on the SC(:Ondary, and with a referred impedance of 63.000 
ohfDS gives ll reSP.,Onse cut-off at the top end as shown in curves A 
(Figs. 6 and 7). fo make 2,5(\() ohms refer as 63,000, the square of 

63,000 
the turns ratlio must be -- or a.bout 2S/1. Thiis gives a turns 

2,500. 
ratio of Sf I. Then the primary tums will need to be 2,400. Using 
Ta.bles 1 and 3, as before, this winding will have an inductance of 
about 6 Hcnries with 20 mA. flowing. TI1ls makes the cut-off frequency 
at the low end that at whioh 6 Henries has a reactance of 2.SOO 
ohms. Xt. :-: 2,,fL, i.e., 2,500 = 2 x 3.14 x 6 x f. therefore, 

2.SOO 
f = 6S cycles, approx. This means that the point 

2 x 3.14 x 6 
where the response is 3 dB down from level is at 6S cycles. Curve A 
shows this as SO cycles. 

TI1us this case, using a S/1 of 2,400/12,000 will give an L.P. 
response not quite so good as that in curves A, while the H.F. 
response will be identical. Using the same turns on the next size 
a t" stack of the next larger laminations listed) will have the effect 
of brin~:ing the whole response down by a ratio of about S/6. This 
will about balance the frequency response. 

TABLB NO. 6. 
Ooodlclona roqull'ed fol' J'eepoose c"""'"' 

in Plaurea 6 • 7 

Ratio Primary Secondar11 Roapon•e Retarrod 
Turn• Turne CurvO lmpe'1.U>Co 

311 4000 12000 {AA,Fla.6. 63000 
AAA,Plg.7, 

311 3000 9000 BB 0 Pl1.6. 63000 
3 II 2000 6000 CC .Fla.6. 63000 
4/1 3000 12000 8,Fla. 7. 112000 
511 ll400 12000 C ,Pla.7. 175•)0 1.1 ,,, , 20(10 12000 0.FIJt.7 . 2'5 C'Q?'I 
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Example 6. 
To estimate Ulc bcs.t arrangement to use with a valve having 

an anode impi.:danoe of 10,000 ohms, and an anode current of S mA. 
Using th~ same reference imp::dance, the square of the ratio 

needs to be 63.000/1 0,000 or 6.3/1. This gives a turns ratio of about 
2.5/ l, and so the pnmarv turns would be 4,800. 

To work out the primary rnductanc~, as before· 4,800 turns on 
the best size as a~ready stated have the same induolanc:e for the 
same current as 4,800 : 2.4. or 2,000 turns on the size of Fi.I!. J 
There is no section of Table I for 5 mA., but there is for 50 mA., 
and the factor at the bottom shows that multiplying or divi<Jing 
current by 10, multiplies or divides turns by 3.2. So the same induc
tance with SO mA. instead of 5 mA. wouJd need 2,000 x 3.2, or 
6.400 turns. This cloocly corresponds w.ith the figure for SO Henries, 
and the error introduced by assuming that 4,800 turns on our actual 
:ize will produce an induotance of 50 Henries at S mA, is quite smaU. 
To find the 3 dB frequency: XL= 2 .. fL; 10..000 = 2 x 3.14 x f x 50. 

10,000 
or f = = 32 cycles. This is rathei- better than 

2 x 3.14 x so 
nece£sary. end i't will be found that an inductance of 32 H will 
bdng the 3 dB point to .'.iO cycles. Working oock, We find this needs 
less than 4,000 turns on the actual primary. If 4,000 turns is used, 
the ratio i1; 3/1. and the referred impeliaJlce will be 9 X 10,000 = 
90.000 ohms. This will give a H.F. cut off mid-w:iy between that for 
curves A and B in Fi,.¢. 7, whilst mainta1ining the L.F. cut-off a 
little better than that for curve A. This wil1 be reaGOnably well 
balanced, giving a range from about 45 •to 10,000 cycles. 

Method of Winding and CollDedion. 

W~th any inter-valve transformer it is important to k~ the 
winding capacities to the lowest possible figure, as these introduce 
further loss of high frequencies. The 6CCOTlda'!'y, being the winding 
at the hightcst impedance, is ttie most imJ)01'tant in this~ For 
this reason the following method should be adopted: 

T-he secondary should be wound on first, so os to have the 
<>mallest diametCT. and the inside, or siart, of the winding shou:!d be 
the end which is eventually connected to the grid of the next valve. 
This means that the outside, or finish, will be connected either to 
the grid bias or eanh. 

After insulation has been placed between windings, the primary 
will be wound on. This may be of the &ame or of different gauge 
frC1m the 6econdary (see <ll~ter 10). The inside, or start, should be 
connected to H.T. supply or dCJOOupling, while the outnide, or fullsh 
of this winding shou1d be connected to anode. 

This practJicc will all\'Yays be found to give the best results. 
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CHAPTER 3 

Output Transformer For Single Valve 

Turne and Impedance Ratio. 
The purpose of this type of transformer is to match the impe· 

dance of a loudspeaker, or group of loudspeakers, to the optimum 
load of the valve. That is, the transformer has the effect of trans· 
forming the impedance of the speaker so that the impedance which 
u presents in th<: primary winding i.s equal to the optimum lood of 
the output valve. 

It is well known that tbe impedance ratio of a transformer is 
equal to the square of the turns ratio. To assist in calculating one 
ratio from the other, a table giving numbers and lheir squares in 
reasonable ~teps is included in Chapter JO. 

Impedance/Tums Relationship 
This depends on the D.C. current flowing in the primary, on the 

size and shape, and on the lowest frequency required. To make 
calculation easier, if the actual D.C. current flowing in the primary 
is referred to a theoretical 1,000 ohms winding, then the turns 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 wlU bear a relationship to the maximum output power which 
will vary very little, although widely different types of valve may be 
used. 

Table 7 gives a series of reference figures. For each value or 
current referred to 1.000 ohm winding, is given two figures for the 
turns in a 1,000 ohm winding: one for general use. giving a low 
frequency cut-off of 50 cycles; and the other for special use when 
a circuit is used for speech only, giving a low frequency cut-off of 
200 cycles. For each value of current is given an approximate figure 
of maximum output This may be found useful if some of the valve 
data is not obtainable (e.g., the optimum load). For each value of 
c~rre_nt and. cut-off is given the approximate percentage loss due to 
winding resistance. 

Choice of Size. 
The figures in Table 7 are for the same core dimensions as those 

shown in Fig. I. Jn practice, for an output transformer it will be 
better from the constructionaJ viewpoint if the stack is less than 
twice 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 losa factors for other sizes may 
be found from the figures given by multiplying or dividing by 
the R.esistance Factor given in Tables 2·5 for the appropriate sbape 
and srze. 

Having chosen a suitable size, the number of turns for a 1.000 
ohm winding can be found by use of the Tums Factor in the same 
table, applied to the value given in Table 7. 

I' 
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Example 7. 
Calculate the turns required to match a I 5 ohm speaker to a 

valve having an optimum load of 4,500 ohms, and an anode current 
of 48 milliamps for general use on music and spc.:cb. It should be at 
least 90% efficient. 

If 48 milliamps are flowing in a winding of impedance 4,500 
ohms, then the equivalent in a 1.000 ohms winding will be 

)
4,500 

48 x --= 100 mA. approx. From this value in Table 7 it ia 
1,000 

seen that on the size shown in Fig. l , for a SO cycle cut-<>tf. 1,300 
turns for 1,000 winding g.ive a loss of 13 % 

To have at least 90% efficiency, the loss must be at most 
I 00 - 90 = I 0%. This means that a size must be chosen with a 
dividing Resistance Factor of at least 1.3. The following sizes satisfy 
this:-

Table Olmonalon• Stack Turn• Roal stance 
No, A B c Face or' Poet or 

2 I• u· 2• I• 
" I.JI + 1.4 

a 1 •. 3" 2t. t· x J. 4 + 1.7 
4 1" 3. 7 / 16 " 2t" f• x a ;. J." 
5 I• 3• 2P l. 

" 1.2 + l.S 

11 will be noticed that there is little <liffere.ncc fo size, and 
therefore there is not much to choose as to which is the best to 

use. Assume that a size similar to the one from Table 3 is available, 
!hen the loss will be I 3 -:- 1.7 = 7.6% and the efficiency 
lllO - 7.6 = 92.4%. The turns for a 1,000 ohm winding will be 
1.4 X 1,300 = 1,800 approx. Then the turns for a 4,500 ohm 

j 4,500 
windin2 will be 1,800 x -- = 3,800. The turns for the 15 ohm 

LOOO 
lf5 

winding will be 1,800 x ./-- = 220. 
1,000 

Thus the transformer will require a primary of 3,800 turns and 
a secondary of 220 turns. 

Example 8. 
The only de ils known about an output valve are that with 

450 volts H.T. it should give about 12 watts output, taking an anode 
current of 120 milliamps. It is required to match a hcrn type speaker 
for use on speech only. with an efficiency of about 90%. The speech 
coil impedance is 4.5 ohms. 

From Table 7 it is seen that 12 watts corresponds to a current 
referred to a 1.000 ohms winding of 200 mA. The actual current 

2002 

is 120 mA, so the optimum load must be 1,000 X -- = 2,800 ohms. 
1202 

Also the loss for a 200 cycle cut-off type on this size is only 
4%. As the efficiency is only required to be 90%, the loss can be up 
to 10%. This means a smaller size can be used, which may facilitate 

S1 
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fitting the trans.former into the horn housing. Thus the resistance 
can be multiplied by 2.5 (but not more). Lt will be seen that a 
i" stack of the s:ime lamination will give a resistance factor of 
x 2.3. An alternative is found in Table 5. using a i" stack of a 
similu sitt. In either case the turns factor is x 1.7, so the calculation 
of turns in this case will be tbe same whichever is chosen. 

From Table 7 the turns for a 1.000 winding are 650. So for this 
size the turns will be 1.7 X 650 = 1,100. The turns for a 2,800 ohms 

/2.800 
winding will be 1,100 X ./ -- = 1.850. The turns for the 4.5 ohm 

1,000 

winding will be 1.850 x J 4
·
5 = 74. The ratio in this case i~ 

1.850 
2,800 

-- = 25/1. 
74 

o.c. 
referred 
to 1000 ohms 

!Kl 
?0 

100 
150 
400 

TABLE NO, 7 . 
lmpoden o e/'l'urn• R&latlonohlp ror Coro of 

S ir e ehown lo Ptaure I. 

Turne ror S or lo• Turns ror:o Serl ea 
IOOO ohmll lo•• 1000 ohms loss 

50 oyolo out-ort 200 oyclo c uc-orr 

900 ?~ 3 10 llt. 
1100 9~ 380 1.3'{, 
1300 13lt. 450 2'f. 
1600 llOlt. 1150 3'J. 
1900 ll8"" 6110 4 "!. 

M11x. 
power 

aoomw 
I.SW 
3W 
7W 
12W 

Special Precaution for 200 Cycle Cut-off. 
When an amplifier is to be used under conditions required to 

operate a loudspeaker having 'cl. 200 cycle cut-off (i.e., a hor:n type), 
there are two precautions necessary: (1) To see th~t !JO signal m 
any considerable amplitude reaches the speaker. 'This is to prevent 
damage to the speaker itself, or the introduction of distortion by it. 
due to receiving frequencies which it is not .designed to handle (2) To 
see that no signal of a lower frequency which may be present m the 
amplifier causes distortion to frequencies which do reach the loud· 
speaker. 

This second requirement means either that the Of.!tput of the 
amplifier must be correctly matched at these frequencies although 
arrangement is made so that they do not reach the speaker. or 
tbat arrangement mullt be made to ensure that these frequencies do 
not reach the output stage of the amplifier. 

Chapter S shows a way in which matchir>g i:an be maintained 
with a push·pull stage output by means. of a ~enes. cond~er. b!!t 
this is not applicable to the cases considered m this section. It 1s 
therefore necessary, when f.!Sii:tg a 200 cy~le cut-off type, to take steps 
to ensure that there i~ a s1m1lar cut·off m the amplifier. somewhere 
before the output stage. This should take tbe form of a coupling 
condenser whose impedance at 200 cycles is equal to that of the 
grid leak following it. 
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CHAPTER 4 

Air Gap Dcterminat.ioo 

With each of the types of component considered in Chapters 
1·3 there is D.C. flowing in one of the windings which bas a tendencv 
to s:uurute the iron core. For this reason an air gap is employed. 
instead of laminating the transformers in the manner required for 
types considered in Chapters 5-7. 

For any given case. too small an air ga~ will res~t in ~e 
magnetic flux due to the D.C. component producing saturation. wbtle 
too large a gap will cause loss of inductance because of the 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 any given 
example is the tota:l effective D.C. magnetizing force, 'Which may be 
expressed in ampere-turns-that is to say, the current in amperes 
multiplied by the turns in .the winding. 'f!le type of transfor~er 
iron used. and the length of iron path (sec Fig. 8). both have a slight 

I ,..-- Iron Path._, 
I L~nalh. 
I 
I 
I 
I 
I 
I 
I 
l 

Fig. 8. 

effect upon the best gap, and on the resulting inductance: ~ the 
effect of different iron is so slight, tbe use of more expensive 1~oru 
is not considered worth the extra cost in general, so the only iron 
considered here is ordinary grade transformer iron (usual lamination 
thickness about 0.016"). 

All the figures io Cbaptcr.1 1-3 for Current and lnductana: assume 
that tbe air gap is adjusted to tbe best size. Table 8 gives the 
approximate gap lengths for different values of ampc:re turns. qtlly 
two value' of length of iron patb are shown, as this has so little 
effect, and so practical values will fall between those shown, which 
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~re respectively smaller and greater than all the sizes of lamination 
liste~ JO Tables 2-5. The length of air gap given is half the total 
required ~ir ~ap, because generally, with either T and U, or E and J 
type !ammations, there will be two gaps in the iron circuit. If a 
type is used which only utilises one gap in the iron circuit then 
twice the figure given in Table 8 should be taken. ' 

The gaps .listed include ve.ry small values, "".hicb can in practice 
only be o.btamed by squeenng the two sections of laminations 
together without any gap spacing material. For larger gaps pieces 
of insulating m~teryal o~ the req1*cd tbick.ness may be ins~rted in 
the gaps to mamtam uniform spacing of the whole cross section of 
the core. 

If equip!llent is available to test the component for inductance 
under operating v~lue c;>f D.C. curret;tt (a.s outlined in Chapter 9), 
then the values given JO Table 8 will give a good starting point 
whi~h will usu!lllY be fc;>und within a close percentage of the actual 
optimum. Dev1a~1ons ~l. generally be due to practical variations 
on !'lccount of difficulties m clampmg up. If such equipment is not 
ava1!able, then ~re should be ~ken .to produce as near to the 
specified g~p ~s 1s possible, makmg s~ght allowances if the edges 
of the lary·unattons should have been slightly burred in stamping. 

To g1v~ e:ta!Tiples (!f the us~ of this table, and to complete the 
examJ?les S!ven m pr~~1ous sections, those numbered 1-8 arc listed 
oppos11e, with a repetition of current flowing and turns: ~ 

CHAPTER 5 

Push-Pull Output and Loudspeaker Transformers 
Choice of Size. 

.[or this .Purp9se the best sba~ is .that known as the "Waste
free . The d11~lens1ons are set .out m Fig. 9, referred to the width 
of the centre hmb. The small diagram shows the way the laminations 
are stamped .from the sheet so there is no waste portion. It will be 
see~ th!tt this method of cu.tting can only be employed to make 
lamma~1ons of the E and I type. However, from the point of view 
of efficiency, frequency band, etc., it is obvious that a core of the 
same shape constructed from laminations of the T and U type will 
be equally good. 

. Table 9 gives data for a series of easily obtainable sizes, in 
different stncks. It shows the turns for a l 000 winding which give 
a transformer of maximum efficiency at a' frequency of 400-1 000 
cycl~s. The section headed "Maximum power, Watts", shows' the 
maxifl!Um power that can .be handled by the transformer under this 
condition at t~o frequencies, ~O c and 200 c, without introducing 
serious d1s1ort1on. The figures m the SO c column in brackets are 
so s~own be~use they C!lnnot be applied at that frequency under 
maltlmum mid-band efficiency cond1tion, because they are below 
cut-off, an~ hen.cc the iJ?ductive load on the output valve would 
ltroduce distortion by m1smatchlog. However, if appropriate factors 

rrom Table 10. are used to reduce cut-off to 50 cycles or below, 
the ~orrespond1~g faccors from the same table may be used to 
obtain ~he maximum output at 50 cycles in conjunction wilt. the 
figures m brackets. 
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'rl\BLE NO. II, 
Ai r G•P" r:>r Compont1nt• Cer>r>ylne DC 

Maanetl zing AJR GAP 

Ampere-turn a tr on Path Leneth Iron Path Len 11th 
2 Inch ea 20 Inches 

10 0.00033• -
15 0,000411 " -
20 0 . 00063 ° -
30 0.0009. -
50 o.oo 14 " -
70 0.0019- 0.0023. 

100 0 . 0025" 0 . 003 2" 
150 0 . 0037" 0 ,00 46" 
200 0.0047" 0 . 006 . 
300 0 . 006&" 0 . 0085" 
500 o.o 10'>" o.o 13!1" 
?00 0 . 0 145" O,Cl 111" 

1000 0.020• o.02s· 
1500 0.028" U,036" 
QUOO 0 . 03? 0 0.047 " 
3000 o.oss• 0 . 0 67. 
5000 0 . 083. o. 105 " 
700CJ o . 110" o. 140" 

1000(1 u. 155 .. 0 , l'lG • 
15000 0.220• 0 . 260 " 
20000 0.2<)1)" 0.360 " 

Ex11mple Currttnt Turn• Amprrtt Iron P1otn Air 
No, o.c . Turns 1,.,.ni:th Gap 

I 5mA ft300 31. 5 4, l" 0 . 001 • 
2 I Amp 1650 1650 4.1. 0. 03 5. 
3 !Im A 20000 100 4• 0. 0 27. 
4 I Amp ·qou 900 9• 0,021. 
5 !lOmA 2400 '13 11- o.o 15"' 
6 Sm A 41)00 20 5" 0.00?" 
7 48mA 3800 183 6" 0.005• 
8 120mA IS!iU 222 4. l • ,,,. ... ,. 0.006" 

Table 10 shows how increased P,Ower and a lower c~t-off. fr~ 
quency may be obtained w~en the unpecla.nce/.turns relationship is 
increased above the figure given for any size m Table 9. tog~tber 
with the increases in losses, from which may be deduced the efficiency 
obtninable. 

The factors at the bottom of Table 10 show how the figure~ 
can be improved by the use of Radiometal laminations instead of 
standard transformer iron. 

For designs of both Class A Pus~-~ull Output and ~oudspeaker 
marching transformers. the total wmdmg space occupied ~Y the 
primary windi11& should be approximately equal to that occupied by 
the secondary. 

For any type or Q.P.P. output stage, the most efficient disposition 
of winding space is when each half of the primary occupies about 
30% of the space, and the secondary occupies 40%. Under this con
dition the figures given by Tables 9 and 10 have to be modified 
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.___.....__,_ --------~-__.. 

Altcrnolc 
Lominolion' 
laid so that 
Points of 
Contact between 
E & l portions 
do not coincide 
in adjacent 
pairs. 

- ------3P.''-----·- --1 

Fi9, 9. 

slightly. For ma~um efficiency at mi~ band, the turns for 1,000 
ohms should be d1V1ded by I.I, the maXl.Dlum power in watts figure 
reduced by 1.2, and the mid band losses increased by 1.2. The L.F. 
cut-off frequency will also be multiplied by J .2. 

200 Cycle Cut-off Matching. 
. With push-pull type outputs the. author does not recommend the 
incorporation of 200 cycles cut-off m the output transformer. If it 
should be regarded as essential to do so in order to save space 
then the precaution mentioned in Section 3 must be observed. A 
preferable method is to incorporate the bass cut between the output 
transformer and the matching transformer by means of a series 
condenser, which should be chosen so that its reactance at the cut· 
off frequency is equal to the load impedance referred to that point. 

H.T. centre 

Hall Primary lop. 1/4 Primary 
\ 

Sc•:ondary 
Scco~dory 

1/2 Primary 
Holl Primary 

Secondary 

(a) Anodq, 1/4 Pri mar 

(b) 
Fl9. 10. 
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Methods of Winding and Connection. 
For the smaller size push·pull output transformers. the best 

method of winding to preserve a good balance at the higher fre· 
quencies is to wind one half of the primary before, and the other 
llalf after, the secondary. The two ends of these two windings which 
are adjacent to the secondary are then connected together to form 
the centre tap. This method is shown diagramatically at Fig. IOa. 

For larger sizes, and especially those intended for Q.P.P. type 
output circuits, closer coupling of the windings may be considere.d 
necessary. The method of winding and connection shown at Fig. lOb 
has been proved to give very accurate balance indeed at the high 

TA f\ l ,F? NO . 9. 
l m~ct1ance/T 11 rn" R~l~Llon sh ip, M .•xtmum 

Powe~ and L.F. C:u t·Otr tor Maximum 
r-rrtcle ncy '" M1<1-Rand Conditi on 

Turns tor Muxtmum Power Mid -
Oimer.slnn I\ Coro IOOO \\attS Rund 
Fii:ure 9. $t1>ck ohms 50 c , .. . u C/S. l .Obittt9 

{ ~II 750 (I. 751 28 lt .G .... 
t ;· rt• 660 (3 , 51 56 IO ... " 

I~"' 500 ( !1 . 25) 84 'L 31;~ 

{ I• 770 ( ? ) II 0 8. 5•; 
I• it· 670 112) 190 1 . 4 r .. 

l!. 500 (171 270 6.8~ 

{ 1+· 790 (I 8) :?~!) 6 •. 
l ~·· 1t• 700 28 451) 5 ,4"t 

at" 620 45 7tH) 4 . 8~ 

{ .' t" 800 '10 650 4, 8 .... 
It" 2 f. 721) 'l\.l 11 00 4, :)•" 

3" 640 [Ill) I 600 4 ..:. 

TAB LE! NO. JO. 

( . r. . 
Cot -off 
C\cJes .. 

qn 
811 
71) 

b5 
60 
55 

!13 
46 
4 .\ 

;,9 
::>5 
:ii 

Foc1or11 ror other lmre•lance/turns rolatlon•hlp~ 
and ror chanae rrom s1ane1ard transformor Iron 

to Ra<liomotal 

Turns \-taximum Mld-8.,nd L .f'. 
Power losses Cut ... ott 

x x x ~ 

1 
1. 25 l. 5 I.I I. 5 

Factors 1. 5 2. 25 I. S5 ~.25 
ror cu roe I. ?5 3 I. 7 3 
P.eferred 2 4 2.2 4 
to 2.5 6 .25 3.2 6.!!5 
~ab~e 9. 3 9 4,() 'l 

3.5 12 6.1 12 
~ 16 t; 16 

Factor for 
chanae to 
Ra<!lometal +1.3 x 2. 3 + I. 7 equal 
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frequencies. Some authorities recommend complicated arrangementb 
using a divided bobbin, so ~ .to maintain geometrical symmetry. 
The arrangement here shown maintains just as good electrical 
symmetry, with a far simpler winding arrangement, and gives 11 
wider frequency response band for a given size and complexity of 
design. The secondaries are shown as two windings connected in 
parallel. This arrangement preserves the best balance, especially i! 
secondary has a fairly high impedance. If the secondary impedance 
is quite low compared to the primary, then a series arrangemem 
will serve equally well, when 1he junction can be used as a centre 
tap, and earthed. 

For loudspeaker matching transformers, a simple arrangement 
with the primary and secondary (each in only one section) is adequate. 
It is not important in this case which winding is nearest to the 
core. so the order of winding may be determined by convenience 
from rhe point of view of the particular wire gauges to be used. 

Example 9. 
A push-pull amplifier giving an output of 10 watts, with an 

anode to anode load of 4.000 ohms, requires an output transformt:r 
with an efficiency of about 90%, to match it to a 10 ohm speaker 
for music and speech. 

A I" stack of I" wasre-free laminations operating at maximum 
mid-band efficiency has 8.5% losses and a cut-olJ of 65 cycles. If 
the rurns arc multiplied by 1.25, lben the mid-band losses become 
I. I x 8.5 = 9.5% (or an efficiency of 90.5 %), and Lhe cut-off becomes 

65 + J.5 :.. 43 cycles. Thus the maximum output at 50 cycles can 
now be 1.5 X 7 = 10.5 watts. winding for 4,000 ohms will require 

)
4,000 

a total of - X 960 or 1920. The turns for a 1.000 winding 
1.000 

will need to be 1.25 X 770 = 960. A turns. and a winding for 10 
(TO 

ohms will reauirc ./ - - x 960 = 96 turns. Thus the windinii 
1.000 

will be: 
I. Half Primary, 960 turns. 
2. Secondary, 96 turns 
3. Half Primary, 960 rums. 

Example 10. 
A large amplifier, having an output of 40 watts, has an anudt 

to anode load figure of 8,000 ohms, and ~equires to be matched to 
250 ohms for speaker disrribulion. Give appropriate designs in 
standard transformer iron and in Radiomeral, for use on music and 
speech, efficiency to be 95% . 

Using standard transformer iron: Either a 2t" stack of I±" 
waste-free, or a I l" stack of It" waste-free will satisfy the required 
conditions without modification. Each gives an efficiency of 95.2%. 

Using Rad1omctal: A I" stack of I" waste-free gives a mid· 
band loss of 8.5 1.7 = 5%. Under this condition the cut-off 

frequency is 65 cycles. and maximum output without distortion 
would only be 7 X .l.3 = I 6 watts. A 1 l'' stack of I" waste· free 
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pves. under maximum mid-band efficiency, a Loss. of 7.4 + l.7 f 
4 3S% a cut-off of 60 cycles, and a muimum outp'!l o 
12 x '2.3 = 27.6 wattJ. Increasing the turns by 1.2S, .the nwwnum 
power is increased to J.S x 27.6 = 4J watts. the nud-band. lossesbe 
become 4.3S x J.l = 4.8%, and the L.F. cut-off will 
60 + J.S = 40 cycles. 

Thus it is seen that a li .. stack ~ 1 .. waste-~ree Radi2metat 
will give almost identical performance with that of either •. 2t s~ 
of tt", or a It" stack of Ji~ in ~tan<fa!'d transfonne,r iron. ,, s 
results in a reduction of outSide dimensions from 3t x 4t to 
2t" x 3"'. 

To complete the desi&n on Radiometal: The turns forlha l,c:> 
ohm winding will be 670 I .3 x 1.25 = 640 approx. us e 

j &.000 
· will require a total of 640 x -- = J,800 turns and the pruna.ry 1,000 

dary turns will be 640 x j 250 = 320. Thus, following the secon J,OOO 

winding arrangement of Fig. lOb. the required sections are: I, 
Quarter Primary, 450 turns; 2. Secondary, 320 tur~s; 3, Half Prunary, 
9()() turns; 4, Secondary. 320 turns~ 5, QUarter Pnmary, "450 turns. 

Example IJ. il · dan f 15 ohms 
A cabinet type speaker with a speech co uni: ce~ple 10 

is required to take one-eighth of the power om · 
Efficiency to be nol less than 80%. . . 

One-eighth of the power is 40/8 = 5 waUtt;s. Tbe.ifnmi:r;r ;,Tit-: 
dance must be 8 x 250 = 2.000 ohms. sing a 7 s c . 
waste-free with 1.75 times the turns from Table 9, the ma~u5u~ 
power is 3 x l.7S = 5.25, the mid-band lossecl s arcnl;7 ~~ the 
19.5%. and a L.F. cut-off of ~ 3 =. 30 Cf/' es. 
conditions. Then the turns rcquued are.-

/ 2.000 
J. Primary 750 x 1.75 x ./-- = t.850 turns. 

1,000 
1-rs 

2. Secondary 750 x 1.75 x ./ -- = 160 turns. 
1,000 

Example 12. h · ired 
A horn type speaker. speech coil impedance 5 o ms: ts rcq!tl, 

to take one-quarter of the power from the same amphfie~. Wt a 
200 cycle bass-cut. What condenser is required. and wha\ ~II be the 
efficiency using the same size transf~rmer asth~xa!11ple 1 .h ndle 28 

Using maximum mid-band efficiency, ·~ .size can ~ f 
watts at 200 cycles, with losses of l 1.5%, g11nsog an ~~n~~ 
88.5%. The primary impedance will be 4 X or o · 
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Thus the condenser must haYe an impedance of 1,000 ohols at 200 
cycles: 

c = 1.000.000 - . 
2 x 3 14 200 - 0.8 MF. Tums required as follows:-. x x 1.000 

1. Primary, 7SO turns. 

2. Secondary. 7SO x j ~ = S3 turns. 
1.000 

OIAPTEll 6 
lapot .U later-VU.e Traadormen Chrllld Fei) 

Core M•terial. 
It is esseniial for good reproduction of the low frequencies at 

!ow levels to have a material for the core which will maintain the 
inductance ~t very small vaJues of A.C. magnetization Ordi 
transr!>rmer aron has a low initial permeability. MumetAI is the~ 
material. ~t present produced from this view,oinL It bas a hi&hcr 
penneab1hty than. <?ther ma~erials, but saturation occuIS at a lower 
value. and hence It 1s not ~wtable where power is required. 

The ~t shape for this type of transformer is shown in Fi 11 
to~et~er "!'th full dimensions. Another type. having much I~ ' 
wmd~ng w1~dow. bas had CQIWderable favour, but it wilJ be realir::J 
that mcreasmg. •be .cross section of iron wiU reduce the turns neces· 
sary for any _given impedance. For this reason the shape shown ·vcs 
n'?t ~nly a wider frequency band, but also gives a more level res~ose 
within that range. by reducing tendencies to t.F. and H.F. resonances 
The core stack should be 7/J6th", so that the section is square. · 

~1 
,. 

•;a 

No. a I. Lo•lnotloa. 

Twmudlbdo. 
H the valve into which the transformer operates is a triode. 

sccoodary o_ompoecd <1 4,000 tum! of 44 s.w.o. aiamellod cone: 
wire . wilf give as good a step-up condition as any smaller u 
But 1f the valve foUowina the transformer is a tetrode or pe~~ 
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Ille input capacity will be much smaller, and so further advantage 
can be gained by reducing the wire gauge, so that the secondary may 
consi~t of 6,000 turns of 46 S.W.O. enamelled copper wire. 

Fig. 12 shows the fonn of frequency response when the primary 
impedance referred to the secondary is 65.000 ohms in the case or 
the 4,000 turn windina, or 150,000 ohms in the case of the 6,000 tum 
winding. (These curves allow for a valve input capacity, including 
strays, but not that of the transformer winding, of 100-120 MMF 
in the first ca-;e, and 30-50 MMF in the second case.) At the tow 
trcquency end, curve A is for input transformers, or inter-valve 
transformers, where the coupling capacity is considerably greater than 
the value a1vcn for curve 8. Curve B is for an inter-valve transformer 
in which the coupling capacity is N2 x 0.16 MF, where N is the 
tr:insformer 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 need to be damped 
oy the method shown later in this section, unless for some reason 
the resonance should be desirable. 

The step-up may be increased by reducing the primary turns. 
which will increase the impedance referred to the secondary in 
proportion to the square of the increase in turns ratio. This will 
l'C$Ult in narrowina the frequency band from both ends. The whole 
high frequency cut·off curve will be reduced in frequency by the 
square of the increase in turns ratio. In the cases where curve A 
applies for the low frequency end, the whole cut·ofJ curve will be 
rai~d in frequency by approximately the cube of the increase in 
tum!\ ratio. lo the case where curve B applies. the value of coupling 
condenser to give the same shaped cut-off will be reduced in pr~ 
portion to the cube of the increase in turns ratio. when the whole 
curve will be raised in frequency by the same ratio. These statements 
are only approximate. Mumetal has the peculiarity that the induc
tance of any given number of turns using a Mumetal core is reason· 
ably constant below SO cycles. but above that frequency graduallJ 
tends to vary inversely proportional to frequency, so that abovt 
about 600 cycles the law is such that the inductance has a constant 
reactaoce. Thus if the ratio is increased so tltat the cut-off begins 
above 600 cycles. then the effect will change from that of increasin1 
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the cut•off, to ~ne of introducing furthc:r loss over the entire frc
quenc~. 01berw1s.e stated further increase 1n step-up ratio will 001 result m further increased true step-up. 

Primary Impedance 
. In the case of !nput tran_sf orme~, the primary impedance is 

s1!llply th.at of the deVJcc for which the anput is matched-microphone. 
pick-up, etc. In the case of an inte~valve transformer, the primary 
1mped~nce may be taken as the equivalent parallel resistance of the 
preceding valve anode impedance and its anode coupling resistance. 

Resonances. 
It is possi~le for a ecak in t!Je frequency response to appear due 

IC? resonance m the region of either the low frequency cut•off the 
b1gb_ f!'~quency cut·otf, or both. H the size recommended is used'. tbt 
poss1b1hty of an H.F. resonance is greatly reduced, but use of 1 
s~all value of coupling condenser may introduce an L.F. resonance. 
With ~e older shaped core, necessitating many more turns for the 
same impedances, both types of resonance were more likely to 
appear. 

. With ~oth type~ of re~onance, the peak. may be reduced either 
by mcrea~mg th~ pnmary unpedance or by introducing a secondary 
shunt res1stanc~ m the form of a grid leak. The primary impedanet 
ca~ usually be •i:icreased enough merely by raising the value of anode 
res1stanc~. Jf this cannot produce sufficient damping without goina 
to t<><? high a value. a resistance may be inserted in series with the 
couplm? condenser, or ~e value of grid leak adjusted to bring about 
the desired response .. W11h each of these methods, response at both 
ends of the scale wtll be reduced, so that they may be applied if 
there are two resonances, one at each end. If there is only a resonanct 
a~ one end, and tile other end does not require reduction then 
different methods must be applied. ' 

If there is a low frequency resonance but the high frequency 
cut-off. does not need reduction, then a resistance connected across 
the primary of the tra~sformer (after the coupling condenser, not 
from anode to eanh), wi~I reduce the resonance a.t the low frequenc> 
end, and at the same time have the effect of improving the high 
frequency response. 

If there is a high frequency peak, but the low frequency response 
has none, th_en a resistance connected in series with the grid will 
reduce the high frequency peak without introducing greater loss a1 
the low frequency end. 

Example 13. 
An input transformer is required to give the maximum step·up 

for speech only (200 cycle cut·off) to work into a pentode grid Find 
the step-up that can be used from a microphone of 600 ohms ·impe· 
dance. 

From. the A curve, the 3 dB point is seen to be just above 30 
cycl~ ~1s means that the cut-off can be multiplied by about 6.4 
to bnng 1t to 200 cycles. From the tables the cube root of 6.4 is 
found to be. about l.8S. and the square of 1.85 is about 3.4. Then 
the referred impedance can be about 3.4 x l S0,000 ohms. or S00.000 
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500,000 
ohms. The impedance steJ>"Up can be --- , or nearly 900/t. Thie 

600 
gives a turns ratio of ./900, or 30/J. So the windings on the trans
former will be: 

J. Secondary, 6,000 turns 
2. Primary. 200 turns. 

Example 14. 
A triode having an anode impedance of 2,SOO ohms is used with 

an anode coupling resistance of 10,000 ohms. What step-up can be 
used to give the re!ponse of Fig. 12 witb a secondary of 4,000 tums 
of 44E, and what coupling condenser should be used? 

The primary impedance is the effective impedance of 2,SOO and 
2,SOO x 10,000 

10,000 ohms in parallel or 2,000 ohms. This is to be 
2.SOO + 10,000 

referred to the secondary as 65,000 ohms, so the impedance ratio 
6S,000 

of the transfonner is --, or just over 30/1. This gives a turns 
2,000 

ratio of just over 5.5/1. The secondary turns are 4,000, so an 
appropriate primary will be about 700 turns. To give the response 
of curve B in Fig. 12, the coupling condenser should be 30 x 0.16. 
or 5 MF. Probably a 4 MF, bemg a standard value, will be adequate. 
However, this value ma)' be too large to be practical, in which case 
a smaller one, say 0.5 MF, may be used. A resistance of about 20.000 
ohms across the primary will damp the resonance, and the cut-off 
trill now be at about SO cycles. 

CHAPTER 7 

Push-Pull Inter-Valve Transformers 

When an inter·valve transformer has to provide signal for the 
grids of two valves in push·pull, it is essential that each valve should 
receive its signal identical in amplitude and in opposite phase to the 
other. For tbe lower and middle frequencies, accurate division of 
turns will secure this condition, but for tbe upper frequencies further 
precaution must be taken to maintain this balance. 

A simple method enabling an ordinary inter-valve with only one 
secondary to be used. is that of connecting two equal resistances across 
the secondary in series. and taking the centre tap of these resistances 
to earth or grid bias. Then each end of the secondary is connected 
10 one grid. This method suffers from the disadvantage that the 
capacity between each end of the secondary winding and earth is 
not equal, and so these two equal high resistances may be regarded 
:is being shunted by unequal capacities, which, of course, upsets the 
balance at the high frequency end. 

The better method is to wind two separate secondaries to that 
they are equally well coupled to the primary, and have as near as 
possible the same capacity from their "live" end to earth. On the 
~iTe detailed in the previous section. this may be achieved by winding 
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one secondary of 3,000 turns bofore the primary, &lld then the oChet 
secondary of 3,000 turns after the rrimary. The difference in windinf 
capacity will not be great, and wil in practice be much smaller than 
the input capacir:y of 'the valves, which will llhus ~elp to reduce the 
effective inequality. The two ends d. ~ secondaries adjaCCllt to tpe 
primary 6hould be connected ~to form the centre tap, while 
I.be exuemo ends go to the Slids. 

As each grid is now only across one half as many turns, and 
the turns are rather better coupled to the primary, the input capacity 
per grid may be rathe~ more than twice the ~~e giyen in Chapter 6 
to obtain the same high frequency characterutio-t.e., about 70-120 
MMF. Thus, the ratio may be calculated by meking the impedance 
ratio from primary to the wlhoile secondary suoh that the primary 
impedance is stepped up to about 150,000 ohms. 

If pusb·pull feed back is being used, or separate grid returns for 
bias purposes, the two "inside" ends of the secondary may be brought 
out separately for the purpose. 

In designing push-pull tTansformers on th.is size, it is necessarf 
to make sure that a certaio voltage ~imit is not exceeded, otherwise 
distortion will be ciuickly int>roduced. A safe figure may be taken 
as 80 turns per vOlt at 50 cycles. This means that the total voltage 
across 6,000 turns s hould not exceed 75. 1f negative feedback is being 
used, do not forget to ood the feedback volta~ to the grid to grid 
voltage, as this will be the total vdltage !'eqWl'ed across the tnlns· 
fonner secondaries. 

If this voltage limit is going to be exceeded, then a larger size 
is nec~ry. If possible, e iatnination size similar in shape to that 
of flg. It, but la-rger, should ibe chosen, and all the details m\jtiplicd 
up proportionately. The safe turns per voit will decrease as the cr06S· 
sectional area of the oore increa~. Thus . .if a tN stack of a size 
having a centre limb width of i" is used, the area is i" x fN. 
instead of 7/ 16th" x 7/16th" or about double. Therefore the safe 
turns pef' volt i~ reduced to about 'ialf, or 40. If 6.000 turns ~ 
still used for the scconda.TY, the safe vdlmge tit 50 cycli:s would be 
6,000/40 = ISQ-twke the previous figure. At present the author 
knows of orAy one lamination. manufacturer who has tools for such 
a size, an<J to date this size has not been produced in Mumetal. A 
Gimi!a.r overall size is obtlained by use of the 1lamination shown in 
Fig. t 3, whldt is supplied In 'MU1\'ldal. 

On this s.haipe, the safe ttnJS per 'VOit are 1he same as with die 
smaller size. because the oross-seotion af the centre ld.mib is the same. 
So higher vo1tage can only be acoomnodated by increasing the turns. 
Mul1iplioation bv 1.4. to 8,500. an<J using the same refC111Ced impe· 
dance, with n divided secondary, will give ia.pprolrime.1ely the same 
results as those shown m Rg. 12. This gives a safe grid-to·grid 
voltage at 50 cycles of 105. If step-\lp is ine!'eased beyond this point 
by s.imply increasing the seoonda.ry turns (thereby increasilllg the ratio), 
the cut-off iait the t.op end of the scale will fall in the same way as 
sh<1wn for a. oorre:sponding itlCT'ea:se in ratio in Oiapter 6. but the 
L.P. cut-off will remain unchanged. If the safe voltage is inc:Teased 
by increasing primary and secondary turns proportionately (thereby 
maintaining the same ratio), then the low frequency cot-otr wftl be 
reduced to a lower frequency. and the high frequency cut·off will be 
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Lomino l ion 

Flq. 13. 

b l 't will progressively begin to show 
r~uced by k.8: lessThisa!llouni c:o k reduced by the methods outlined 
SJgllS of pea mg. pea 
in Chapter 6. 

CHAPTER 8 

Construction DeWh 

~ a ~~in of the correct size is availa~le ready-male, it 
.11 be ess ~ to fabricate one. Details arc given here o two 

~ ~~ear~ simple ttli~o=:d ~~%:~~1~~wbicb is suited 
F11- 14 il.lust!8-tes ·t ·ves adequate strength to support a small ro: ~e sm~cr ~· as~ SUttle of the available wii;idi.ng space._ It 

wmdlng. whilst . ta ng fr P stiff cartridge pGpeT' or &llDilaa" material. 
should. be oonstnicted om accordin it.o the final 'required dimensions. 
Five pieces shou!d be cut, ~b) 1 d ( ) A centre block as a1 
one a!! at (a), an.d two each as ~e 'bo~bin ~bile winding. and may 
(d), will be r~qui~/x:> sup~ bo'bbin Great ca.re should be taken 
also be U90d JD ,m ng ~P e ' block to ensure that all its ~ 
in the oon.struottoo tt ~ oo!Nlrr!t ~ons (very &liightly larger 
are "squa.re'', QOO to co li I b rtor tnan the window 
1han tile core croos-sedion, and ~~the 6~ drilled through it is 
lenQ'lh, a boot 1164"'). ~! J:'s ~ thod of bending each of the 
absol~tely parallel to ~ts :ketches <~>'."co and <&> of Fig. 14. At each 
parts is clearly sbfofue 1bobbin should be carcfully glued so that the 
~~~ tbbobe Pbi~s. 0 

•. -:. _ _. A.,v glue lbul is not stuck to the oeSltre block. 
'WIU\lle n ts w....,., .,, • wind.in Aft tlhe glue has set 
as this lras w be removed af.ter ~tl,c ~ of the bobbin: 

~af~~ .,::a~ 1=~';-=ht out and properly anchored, 
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Flt- 14. 

Finally, end support plates will be needed during winding. These 
should be made of metal or wood, and SCCW'Cd in position by tbe 
centre spindle as shown at (b). The holes drilled in both the centre 
bloclt and the end support plates should be only just the required 
clearance bole for the size of centre spindle to be used-say, 2 8.A. 
Nuts on the centre spindle arc used to secure the whole assembly, 
and should be tight enough to secure that the spindle will not turn 
by itself inaide. 

Fag. IS shows a method of construction for larger bobbins, 
where the fabricated boM>in would not be strong enough to aupport 
tbc winding. It i$ made of bakelized paper or cloth sheet. about 
J/16"' thick. It has tbc advantage that all the parts can be cut from 
thcet-110 tube ia required-iuld that the .. tags" on two of the centre
pieces prevent the cheeks from falling off during or after winding. 
Two pacces each are required as sketched at (a), (b) and (c). Ncces· 
sary boles in the cbeekS for lead-outs and anchoring may be made 
before the bobbin is assembled. The method of assembly is clearly 
shown by sketches {d)1 (e) and (f). A centre block and end support 
plates will be rcquirco. to mount up for winding. The centre block 
will be exactly the aame in fonn as that shown at F"ag. 14 (d), but ttc 
end support plates must be different. being only simple rectangular 
pieces with a hole in tbe middle, of such dimensions that they fit 
conveniently between the end "lags" of the centre-pieces. I\ spindle 
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FIQ. 15. 

will again be required, but for the larger sizes should not be relied 
11pon to tum the bobbin during winding. It is suggested that one 
or two additional small holes be made in the end plates and centre 
block, through which steel pins should be inserted to provide means 
of obtaining a positive drive to the bobbin. 

lmprovisina a Wlnding Machine. 
Two fundamental arrangements are necessary for successful 

winding: a means of rotating the bobbin. and some provision for 
holding the reel of wire. A lathe makes a very successful winding 
machine. For the smaller sizes a standard three or four jnw chuck 
can be used to grip the centre spindle. For larger sizes, the pins 
already inserted into the centi-e block may be arranged to take a 
drive by bearing against the jaws of the chuck. 

lf a lathe is not available, an ordinary wheel-brace mounted in 
a vice so that 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 position a little 
distance away to hold the reel of wire so that it is free to rotate as 
wire is required. The wire should be passed between the thumb and 
first finger of one band to steady 1t and to apply the necessary 
tension. 

It is a great convenience to provide some means of counting 
turns. If a proper rums counter is not available, a cyclometer can 
be used as a good substitute. The turns counter should be coupled 
to the machine so that it numbers upwards in the direction of rota· 
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tion when winding. The winding direction should be such that the 
wire goes on to the upper side of the bobbin. If an improvised turns 
count.er is used, it may not register coincident with tums-i.e.. it 
may take S turns to register each 1. This should be checked up before 
it is used, and the required readings at start and finish worked out 
in advance so that all attention can be devoted to winding. 
Methods of WlndJna. 

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

Wire gauges, of say, 26 and smaller should be carefully joined 
by soldering to a piece of silk-covered flex, taking care that a neat, 
flat joint is made that will not take up too much room, and will not 
cut through and cause short-circuited turns. It should be insulated 
at the joint by means of a small piece of insulating material The 
silk flex should come out through the hole in the bobbin, and should 
make about two turns round the bobbin before the proper wire 
gauge "takes over". The silk flex should be anchored conveniently 
to await proper termination after winding. 

All windings should be wound so that one turn lays as close as 
pos~iblo to its neighbour, until a layer is full, when another layer 
should be commenced in the return direction. On larger size coils, 
a layer of paper insulation will be inserted every layer, or perhaps 
every few layers, to prevent a turn from a high layer from slipping 
down into contact with lower layers. On smaller coils, and particularly 
with the very small gauies (beyond, say 36}, it is not possible to 
insulate the layers in this way, and a method known as "random" 
winding is employed. The turns still go on approximately in layers. 
but it is not possible to guarantee that no space is lost between 
adjacent turns of the same layer, and so later turns may fill spaces 
left previously. In winding by this method care 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 
especially important, too, that the bobbin shalt rotate "true". This 
means that when the centre is spun before winding is commenced, 
the four sides of the centre must tum parallel with the spindle. 
and not show any si~n Clf a skew wobble. and further the cheeks 
must not show any sign of wobble from side to side. 

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

Insulation. 
Between windings, as well as between the layers on larger sizes. 

a layer or two of insulation must be provided. Two or three layers 
of very thin material arc better than one layer of thicker material. 
This should be cut to the Cl!act width between the bobbin cheeks, 
and wound on carefully and tightly over the winding. The insulation 
may be of thin bigh-quali~ paper, or may be of one of the aoetate 
substitutes. Before proceeding with a further winding, the insulation 
should be firmly secured in position by the use of a little adhe11ive. 
For paper, some Chatterton's compound, or, as an alternative, some 
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high-quality wax, may be used to fix the last tum of the paper to 
the preceding one by applying quiclly after heating momentarily on 
the butt of a soldering iron. If one of the acetate films is used, a 
little acetate may be quickly applied to weld the film, but care must 
be taken to see that no acetate comes imo contact with the wire 
if it is enamel insulated, as the aoetatc may dissolve or soften the 
enamel and cause turns to short. 

Terminatf.ae the Wlnd.inp. 
After windina is complete, a layer of insulation should be wound 

on to cover the windings and insulate them from possible contact 
with the outside limb of the laminations. Then all the ends of 
windings should be properly terminated. The ends should each be 
1breaded through the pairs of holes in one of the corners of the 
bobbin several times. Before so threading, the whole length that 
will go through the boles should be stripped of insulation. The 
threading should allow the portion of lead from the hole where it 
comes out of the bobbin to the comer where it is threaded to lie 
slack. If 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 soldering iron, which will secure 
it. and also provide a form of tag to which the external leads can 
be soldered. 

Laminating nod Finishing 
Care must be taken when inserting the laminations 1bat they do 

not damage tho winding. For a choke, or a transformer in which 
there is D.C. ftowing. all the E-shaped pieces, or T·sbaped pieces, 
should be inserted first from the same side, until the centre of the 
bobbin is full of laminations. An equal stack of l- or U·shaped 
pieces should then be taken, and brought into cont.act with the E'~ 
or T's with the appropriate gap spacing. Some form of clamps will 
be necessary to hold the whole core together and keep the gap tight 
up to the apacing used. These can easily be improvised, using an 
appropriate width of strip metal which can be drilled for clamping 
bolts either side of the laminations, and possibly the end of the 
clamps can be turned over to form mounting feet for the completed 
component 

For transformera with no D.C. the laminations of different shapes 
should be inserted from opposite sides of the bobbin in pairs. A 
convenient way of doing this quickly is to arrange a small stack of 
each shape on each side of the bobbin. Then. by working with both 
hands. alternate pails may lbe piclced up and .in.setted quite quickly. 
When laminating is complete. similar clamping arrangements to those 
suggested for the choke may be employed. 
. . Ordinary transfonner iron is very subject to attack by rust. so 
1t 1s a good plan. when the component is complete. to paint the 
ex~sed edges of the core with a good quality paint as a protection 
agamst rust. 

The clamps may be bent at one end to provide feet for mounting. 
and ~t the other end to take a balceUzcd sheet panel on which 
sotdenng tags or terminals are mounted to malce a finished terminal 
board for the transformer or choke. 
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Twm Ratio. 

CHAPTER 9 

Methods of Testiq 

:rhis is comparatively simple to check, if there is availablt' 
A.C. mains, two A.C. voltmeters, and a variety of odd resistances. 
At least one of the voltmeters should be a bigb·gradc muhi·rangc 
instrument. The other may be any indicating instrument that will gt'lc 
a consistent indication when the same volts arc applied. lo this case, 
readings on the poorer instrument may be calibrated by comparing 
the two instruments in parallel on the same voltage, adjusting the 
voltaae 10 various values by means or different arrangements of 
resistances. 

It ii important when checking turns ratio that an A.C. voltage 
DO higher than that for wbJch any &iveo winding is designed shall 
be used. Having checked on this by calculation. readings can be 
taken of the voltage across the two windings, first by feeding a 
voltage into the primary and measurina the voltage on both primary 
and secondary simultaneously with the aid of both voltmeters, then 
by feeding a voltage into the secondary. The ratios of these two 
sets of readings can then be calculated. and if there is any discrepancy 
between them, the mean value may be taken as the correct one. 

FrequeKJ Response. 
This reqwres more apparatus than the previous test. An audio 

oscillator is needed, together with some voltmeters whose performance 
at various frequencies besides 50 cycles is reliable. 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 one which it will have in practice, and the secondary 
must work into the same impedance as that for which it is intended. 
If it ia designed to operate with D.C. ftowing in one winding. then 
this condition, too, must be reproduced in testing its response. 

Transformers with no D.C Components. 
Fig. 16 shoM a way in which components of the types de:ailed 

in Section V may be tested. Tbe resistance between the primary 
voltmeter and the actual primary is equal to the equivalent source 
impedance. Io the case of a push·pull output transformer (class A\ 
it will be twice the anode impedance of each valve. The resistance 
across the secondary is equal to the required load impedance at the 
secondary. It should be nNed that the primary source impedance 
is not the same as the optimum load at the primary side. It mav be 
more (as in the case of transformer 10 work with telrodes or pentcide~) 
or less (as in the case of transformer to work with triodes). 

A frequency response may be taken by selling the voha~e at 
the primary voltmeter 10 the same reading. and then notine the 
reading on the secondary voltmeter. If the readings on the secondary 
voltmeter are plotted against frequency on graph paper. a rrcqucncv 
response will be obtained · 

In the case of loudspeaker transforme~. the source impedance 
should be that of the output valve. as it will be referred 10 the 
primary of this transformer. 
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Example IS. 
An amplifier bas output valves having an anode impedan~ of 

2.500 ohms each, and an optimum load of 8,000 ohms anode to 
anode. This is matched to 250 ohms. From this it is distributed to 
several speakers. One of these is intended to take one--eigbth of the 
ou1puL 

8.000 
The output transformer ha$ a step-down of -- or 32/l impedance 

250 
ratio. Thus, the source impedance at the secondary will be 
2.500 -- = 78 ohms. The share of this applicable to a speaker takina 
32 

one-eighth of the power will be 8 x 78, or 625 ohms, while the 
load impedance referred to this primary. due to its own speaker 
load on the secondary, will be 8 x 250, or 2,000 ohms. 
Panllel Ped l•ter-VaJve 'l'ramformen. 

1b.e primary source impedance for these may be simulated in 
the same way, but the secondary must also be arranaed to have the 
same loading as in practice. This may be only at the grid or Irids 
of the next staae. In this case, the meter itself would impose a load 
which would falsify the reading. So the secondary must be connected 
to 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 couplina to a voltmeter. 
Transformers witll D.C. PJowlQi. 

Toe simplest method of testing the frequency response is to sci 
up the actual operating conditions. A voltmeter measuring the volts 
applied to the arid of the valve into whose anode the primary of the 
transformer is connected is set to the same reading at different frc· 
quencies. The secondary reading is taken in the same way as before, 
accordina to whether it is an output or inter-valve transformer. 

Audio 
Fn~11c11cy 

01clllo\oc 

F10. 16. 
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Air Gap Adjustment or Cbokew and Tramformeq CUTYfJla D.C. 
A simple method of doing this ia to set up a full·wave rectifier 

circuit with no smoothing. Across thia, connect the component to be 
tested in series with a resistance to limit the D.C. to ita rated value. 
If, on measuring the AC. component across the choke, this is more 
than required in practice, a suitable reservoir condenser should be 
applied across the supply to reduce it to a practical value. Check 
that the D.C. Oowing is correct, u altering the reservoir conden~r 
alters the output of a rectifier. Having ucertained that D.C. ftowina 
and A.C. across arc correct., connect the AC. voltmeter in series 
with a D.C. blocking condenser across the resistance in series with 
the choke, and adjust the pp. The highest inductance will be when 
Lbe voltmeter across the ralatance shows the lowest reading. 

Wiadini lmulatloa. 
The insulation between windings and between each winding and 

earth should be tested with a suitable "flash test" device. This is 
simply a fairly high voltage (higher than that which the insulation 
must stand in practice}, either AC. or D.C. I.n aeries with the aupply 
on one side is a high miatance, sufficient to limit a short-circuit 
current to about S mA., and a neon bulb. The other side is connected 
to an earth plate oo which the component can be placed for tat. 
To the high potential side is connected an insulated test prod. The 
usual procedure for a transformer would be as follow11: Earth 
secondary with a lead and apply teal prod to primary; earth primary 
with lead and apply tt:St prod to secondary. The neon should not 
light in either case. Finally, to check the teeter connection, the prod 
may touch the earth plate, when the neon should light. 

In the case of a choke, of course, the component i• simply placed 
on the earth plate and the prod applied to the windioa tenn1nals. 

Shorted Torm Tater. 
A useful adjunct to the regular winder is some device to detect 

tho existence of aborted turns before the component is cored up, 
thus saving time if the component should prove faulty. 

A simple method of COllltl'UCtiDa aucb an inatrument is to make 
up a simple triode feed-back OICillator of any type (to give, aay, 
400 cycles), usi~ for the coil an inductance, wound on an iron core 
of similar or aligbUy c:rou-aection to the components to be teated. 
Instead of making this inductance in the 111\lal way of an iron-cored 
inductance, it is so arranaed that the core is open and can have the 
coil to be teated placed over the core adjacent to the indu~cc 
coil of the oacillator, which ii arranged so that it can be adjusted 
by means of a variable bias control, so that it only just operates. 
Under this condition, if the coil applied for test baa any shorted 
turns, then the oscillation will either stop, or be areatly reduced in 
amplitude. On the other hand. eelf·capacity in the coil applied will 
only alter the frequency sliibtly. 
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Cll.AP'l'ER 10 

Cakulatlon or Wire Guae 

The table in this section enables the correct wire gauge to be 
chosen to act a given number of turns into a given winding space. 
For each wire aauae. with its covering there appears two figures: the 
figure for turns per inch should be used for cases of layer winding, 
and the fiaure for turns per square inch for random winding. To 
illustrate the use of these tables, the wire gauges for each example 
aiven in the previous sections is worked out below. 

Example 1. 
The windina area in this case (see Fig. I) is 0.275 sq. in. 

It is required to act 6,300 turns into this space. This is equivalent to 
6,300 
-- = 23,000 turns per sq. io. 38 S.W.G. enamelled only gives 
0.27S 
21,000 turns per aq. in., so the next even gauge will be 40 S.W.G. 

Example 2. 
This is on 1he wnc &il.o, but aa the turns are fairly low, it ahould 

be possible to layer·wind iL Using 32 S. W.G. enamelled a1ves 83 
l,6SO 

turns per inch, or just over SO in a f" layer. This requires --= 33 
so 

layers. At 83 turns per inch 33 layers will occupy a depth of 
33 
- = 0.39". If the paper U$Cd is 0.003" thick, 33 layers will take up 
83 
0.1 .. , total 0.49". Thia allows enouah foc top indation to make up!". 
Example 3. 

Usina the fiaure from Table 3, th.e winding space will be abour 
t· x t"'. or o.33 sq. 1n. The cums wm be 6.300 x 3.2 = 20,000. 

20,000 
This requires -- = 60,000 per sq. in. 44 S.W.G. enamelled aivcs 

0.33 
6S,000 per sq. in. 

Example 4. 
900 tums will again be layer·wound. Using 22 S.W.G. enameiled 

aives 33 tums per inch, or 70 per 21" layer. 900 turns at 70 per 
layer requires 13 layers. say 14. as there will be very little clearance. 

14 
14 layers at 33 turns per inch will take up - = 0.43". Allowing for 

33 
layer insulation will bring this to about 0.48'"'. This leaves a good 
clearance. but it will probably be needed with a fairly heavy wire 
aauge and a lona·sbaped bobbin. 

Example S. 
ln this case there are two windings. one of 2.400 and one of 

12.000. to be wound in a space of 0.86 sq. io. 40 S.W.G. enamelled 
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aives 31~ turm per sq. in. Thus, 12,000 takes about OA sq. iJI. 
For the primary, 34 S. W.O. enamelled aives 9,400 turns per sq. iL. 

2,400 
so 2,400 turns takes up -- = 0.266". Total area, 0.666". This 

9,400 
allows good marain for insulation. 

example 6. 
In this case the two windinas have to occupy 0.56 sq. in. 

12,000 turns, as before, ta.kc 0.4 sq. in. in 40 S.W.G. enamelled. 
Using 42 S.W.G. enamelled. 43,000 turn.a per sq. in., 12.000 turns take 
12,000 
-- = 0.28 sq. in. 4,000 turm of 40 S.W.G. enamelled take 
43,000 
0.135 sq. in., total 0.41S sq. in. 

Example 7. 
Herc, aaain, layer-windin& will be used. For the 3,800 turns, 

usin& 36 S.W.O. enamelled, 116 tun11 per inch aives about 156 per 
3,800 

layer (1 i"). This requires -- = 25 laycn.. 25 layers will take 
156 

2S 
- = 0.216" for wire, and at 0.003" per layer insulation, o.01s·. 
116 
total 0.291"'. For the 220 turns. usin& 20 S.W.O. enamelled, 26 turns 
per inch Jives 35 per layer. This will require 7 lllyers, taking up 
7 
- = 0.27" for wire, and 0.021" for insulation, total 0.291". Total 
26 
depth of both windinas 0.582". which leaves room for insulation 
between windinaa and on top in a bobbin of depth f" or 0.625". 

Example 8. 
Usina the siz.c from Table 2. Layer length f", depth !"'. Usina 

36 S.W.Q. enamelled for J,850 tUl"DI: 1J6 X f' or, say, 70 turns 
t.850 27 

per layer, &ives -- = 27 layers. Wire -- = 0.233", insulation 
70 116 

0.081", total 0.314". Using 22 S.W.O. enamelled for 74 rums. 33 x i" 
4 

or 20 turns per layer, Jives 4 layers. Wire - = 0.122". insulation 
33 

0.012", total 0.134". Total wiodina depth 0.4411" which allows room 
for insulation between and on top of the windings. 

Example 9. 
A I"' waste-free will allow a layer length of It", and a total 

depth of 7/16". Using 34 S.W.G. enamelled for primary windings: 
960 

Tums per layer, It'" x 97-11ay, 130. Each half primary takes -. 
130 

or 8 layers (always take next whole number). Depth for W.re 
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8 - = 0.083", for insulation 0.024", total per half 0.107", for whole 
97 
primary 0.214"'. Usina 20 S.W.O. enamelled for secondary, giving 35 
turns per layer, requires 3 layers, taking 0.1~6". for wire,.,o.009:' for 
insulation, total 0.125". Total depth for windings 0.339 . Usma 3 
layers of 0.003" each between windings and on lop, gives 0.027"'. 
total 0.366"', which allows about 1/16" clearance on top. 

Example 10. 
Each quarter primary will use 4 layers of 34 S.W.G. enamelled, 

taking 0.054" (including UlSulation). The half primary 8 layers taking 
0.107"', total for primary 0.215". Using 30 S.W.G. for the sccon· 
daries. -4 layen taking 0.068", total secondary space 0.136"', total 
winding depth 0.351". Inter·windina insulation, as before, 0.045". 
total 0.396". 

Example 11. 
A i" waste·frcc will allow a layer length of l ", and a depth 

of 5/16"'. Using 38 S.W.G. enamelled, 13 layers, with insulation 
0.130". And for secondary. using 22 S.W.G. enamelled, 5 layers. 
with insulation 0.167". Total, 0.297". 

Example 12. 
For the primary, using 32 S.W.G. enamelled requires 10 layers. 

taking, with insulation, 0.150''. For the secondary, 2 layers of 20 
S.W.O. enamelled will just fit in. This will take, with insulation. 
0.083"; or, if another layer is required for the last few turns, 0.12S". 
TotaJ, 0.275"'. 

E!xamplc J 3. 
Herc the windina space may be taken as 9/16" x 3/16", or 0.lOS 

6..000 
sq. in. 6,000 turns of 46 S.W.G. enamelled will occupy ---= 

110,000 
0.055 sq. in. Allowing that only about 70% of such a small space 
can be utiliscd-i.e., 0.7 x 0.105 = 0.073 sq. in.-this leaves 0.018 
sq. in. for the primary. If 200 rums arc to go in 0.018 sq. in .. there 

200 
would be - - = l I ,100 per sq. in. 36 S.W.G . enamelled give:. 

0.018 
13,400 per sq. in. 

Example 14. 
4,000 

4.000 turns of 44 S.W.G. enamelled will occupy -- or 0.0S7 
71,000 

sq. in. This leaves ?bout 0.016 for the primary If 700 turns go in 
700 

0.016 sq. in., there would be -- = 4.400 per sq. in. 30 S.W.G. 
0.016 

enamelled &iYCs 5,300 per sq. in. 
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16 
18 

f3 20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 

~ 

Enamel and 
Enamel Sin&le Silk 
Covered Covered 

Tums Tums Tums 
per 
inch 

per 
sq. in. &:ti 

14.8 219 14 
19.6 383 18.9 
26 675 24.S 
33 1090 31 
41.5 1720 38.5 
so 2500 48 
61 3700 57 
73 5300 67 
83 6900 76 
91 9400 88 

116 13400 102 
145 21000 125 
178 31500 151 
208 43000 175 
255 71000 208 
330 110000 255 

,. 
0 

• '"w"' "'tr; I!. ,,. ~ ~~ 

:: r ®Ojll;!'f . ,. ~~ .. 
.£~-,I ~f' 
"V~~ . ,. .. 

Tums 
pe~ 

sq. Dl. 

196 
357 
600 
960 

1550 
2300 
3250 
4500 
5800 
7750 

10400 
15600 
22700 
30500 
43000 
71000 

S.W.G. TABLE 

Single Silk Double Silk 
Covered Covered 

Tums Tums Tums Tums 
per 
inch 

~ 
sq. in. 

per 
inch 

per 
sq. in. 

14.8 219 14.4 207 
19.8 392 19.4 376 
26 675 25.2 635 
33 1090 31.8 1010 
42 1760 37 1370 
50.S 2550 48 2300 
61 3700 57 3250 
72 5200 66.S 4400 
82 6700 74 5500 
94 8850 84 7050 

112 12500 97 9400 
135 18200 113 12700 
160 25600 132 17400 
188 35400 158 25000 
222 49000 182 33000 
270 75000 212 45000 

J. 

;; ... 
~ 

J. 

Sin~Cotton Double Cotton 
vered Covered 

Tums Tums Tums Tums 
per I per per 

inch 
per 

sq. in. 

13.8 190 
18 324 
23.5 550 
29.2 850 
36.5 1330 
43 1850 
50.S 2550 
57 3250 
63 4000 
69 4760 
85 7200 
98 9600 

112 12500 
- -- -- -

~·a--

inch . sq. in. 

13 
16.8 
21 
25.3 
31 
35 
39 
44.S 
48 
51.5 
59.5 
67 
76 
---

.... 
"' r-
11'1 

~ 
Ill 

0 
z 

n 

I 

169 
282 
441 
640 
960 

1225 
1520 
1980 
2300 
2650 
3550 
4500 
5800 
-
-
-

8 
? 

I 
~ 
e 

' i 

~··[ ~ 
000 ~ 

. ~ ~ 
,., ;... 

PX"' ... 
~Ill e4 ~ . . .... ~ 
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COIL OBSJON AND CONSTl\UCTION M.ANUAL 

--f1--...---.,..._ 
To TRF. 
Slo91. 

RF. Fiiler. 

CORE 
C:REQMc/, "5 5175 

LI. 
IRON 

L .2 . 
IRON 

L.3 ~ 

LS. " 

SUCKER CIRCUIT. 

L.S. 
8 Turns 

30.S.W G. 

ISO. Turn~ 
36. S.WG. 
Eno1111Ucd. 

_ __..__ ... 100.Turns. 
<40.S.W.G. 

MATERIALS 
56 75 6175. 6675. 
IRON IRON IRON 

BRASS B;!ASS BRASS 

BRASS BRASS BRASS 

.. .. 

COPPER WIRB COMPARJSONTABLBS 

Thia table pr11ent1 the nom1nll dJameter and resistance (to four atg
n1nc:a11t figures) of bare copper wtre Ill varloua wire gauges. The 
gauges uaed are the Brown and Sharpe Gauge (B C. S, also known 1.8 Ille 
American Wire Gauge, AWC), the Imperial Standard Wire Gauge (SWG) 
and the Metric Cit.uge. 
The data are stven ln both £neJ.J.sh and metric units, the !alter being 
lncluded for the benent of oversea• readers and Buropeanll 
who are not famlllar with the other units. The diameter ln the Bngllsh 
Willa te expreeaecl In mile, a mU betns I /1000 tn. 
The dlametere and reelatancea ctTen Ill the table are subject to normal 
manutacturlic tolerancee. A typical figure ror the toleranee ot the dia
meter la plua or mlnUB I per cent or O. l mll ( . 002$mm In metric Willa) 
whJch ever la the larser. The resistance would be within plue or minus 
2 per cent al 20 deirftl C but varies wtlh temperature. The reelslance 
chaqie1 approximately 0.4 per cent for each degree C change In tem
perature, lncreued tempe1'1ltu.re giving Increased resistance. 
In the B Ii S gauge, the ratio of the diameter of any gauge number to 
that of the nan laraer gauge number ls con.alant and ts 1.1229. The 
correapoodt.ni ratio of croH sectional area 18 1. 1229 equared, or about 
1.2810. 
Thia means that for each lncreue In ga,uee number, the restatance per 
unit leneth Increases by 11pprox1malely 25 per cent. It la found that an 
lncreue ln gaugo number by 3 gives api:ro:xtmately double the reslst
IUICe per untt lqlh. 
In the swc; the dlamoters of the gnugo do not follow a simple rule but 
r11.thcr form a aerlos or short arllhmetrlcal progressions. From 188WG 
to 23 SWG. for 8Qmple, the diameter decrease& by 4 mile per number 
wtiereaa trom 23 swo to 28 SWG It decreases by 2 mUa per number. 
In tho Metric gauge tho gauge number Is ten times the diameter or the 
wlre oiqiresaed In millimetres. The normally allllllable slue form a 
similar aeries to that or the SWG. Half alias In the B & Sand SWG 
gauges (and Intermediate sites ln the Metric puge) are available to spe
cial order If required. 
Theee data ore preeented In such a form as to allow easy compulson or 
the dUferent atanduds. permlttlni a near equivalent to be selected If 
coll w1nd:tr(i data (for example) epeclJ1ea a gauge which ts not readily 
avllilable. If 38 B " S wen specified Cor a coll, It can be seen that 
either 42 SWO or 1.0 Metric ha.I approxlmately the same diameter and 
could therefore be sublltllUtad. 

Nominal diameter and rcaistance measured at 2o•c (68•F.) 

OAUOB ENGLISH UNII'S METRIC UNITS 

IAI IWG M•ltl< "~· Oii~-
1.ooot1 °'""· ~ ... 

45 177.2 0.3304 4.5 UM 
7 176 0.3348 4.470 1.098 

6 162.0 0.3951 4.116 1.196 
I 160 0.4051 4.064 1.329 

40 157.5 0.4182 4.0 1.372 
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OAUOB ENGLISH UNITS METRIC UNITS 
OAUOB BNGLISH UNITS MBTlUC UNITS o.::- ~T -- "~& 8&I SWG -IC """ ~~- ~ oeua. ..:'~ l&S IWG M.Vlc .... 

7 - - 144.3 0..4981 3.666 1.635 21 - - 2US 16.14 0.6440 Sl.95 
- 9 - 144 O.SOOl 3.658 1.641 - 23 - 24 18.00 0.6096 59.01 

- - 35 137.8 0.6118 3.S 1.792 - - 6 23.62 18.S9 0.6 60.98 
I - - 128.S 0.6282 3.26S 2.061 23 - - 22.S7 20.36 0.S734 66.80 - 10 - 128 0.6330 3.251 2.077 - 24 - 22 21.43 0.5588 70.30 

- - 30 118.l 0.7434 3.0 2.439 - - 5.S 21.65 22.12 0.55 72.51 

- 11 - 116 0.7707 2.946 2.529 24 - - 20.10 25.67 0.5107 84.22 
p - - 114.4 0.7921 2.906 2.599 - 25 - 20 25.93 0.5080 85.06 
- - 28 llo.1 0.8534 2.8 2.800 - - 5 19.69 26.76 o.s 87.81 - 12 - 104 O.PSH 2.642 3.146 - 26 - 18 32.01 0.4572 105.0 

- - 26 102.4 0.9198 2.6 3.2.47 2S - - 17.JO 32.37 0.4548 106.2 
10 - - 101.9 0.9989 2.589 3:rt7 - - u 17.72 33.04 o.45 108.4 

- - 24 94.49 1.162 2.4 3.811 
27 16.4 38.56 0.4162 126.S 

92 1.225 2.337 4.020 - -- 13 - 26 lS.94 40.81 0.4050 133.9 
90.74 1.260 2.30S 4.134 - -11 - - 4 15.15 41.82 0.4 137.2 - -- - 22 86.61 1.382 2.2 4.535 - 28 - 14.8 47.35 0.3159 155.3 

12 - - 80.81 1.588 2.053 S.210 21 - - 14.20 .51.47 0.3608 168.9 
- 14 - 80 1.658 2.032 5.440 

- 20 78.74 1.673 2.0 S.488 - - 3.5 13.78 61.28 0.35 179.2 -- 15 - 72 2.001 1.829 6.S63 - 29 - 13.6 56.01 0.3454 184.0 

6.S72 28 - - 12.64 64.90 0.3211 212.9 
13 - - 71.96 2.003 1.828 30 12.4 67.4S 0.1350 221.3 

1.8 6.775 - -- - 18 70.87 2.06.S 3 tl.81 74.34 0.3 243.9 
8.284 - -14 - - 64.08 2.S25 1.628 

31 11.6 77.07 0.2946 252.9 
16 64 2.532 1.626 8.307 - -- - 29 11.26 81.83 0.2861 268.5 

16 62.99 2.614 1.6 8.575 - -- - 2.8 11-02 85.34 0.28 280.0 - -
1S - - '7.07 3.184 USO 10.47 I 

32 10.8 88.91 0.2143 291.7 - -- 17 - 56 3.307 1.422 10.85 - - 2.6 10.24 98.98 0.26 324.7 - - 14 SS.12 3.414 1.4 11.20 
16 - - S0.82 4.016 1.291 13.18 30 - - 10.03 103.1 0.1548 338.6 

- 11 - 48 4.SOl 1.219 14.77 - 3S - 10.0 103.7 0.2540 340.2 

- - 12 47.24 4.646 1.2 15.24 - - 2.4 9.449 116.2 0.24 381.1 
17 - - 4.S.26 S.064 1.ISO 16.61 - 34 - 9.2 122.5 0.2337 402.0 

- - 11 43.31 S.S30 1.1 18.14 31 - - 1.928 130.1 0.2168 426.8 
IS - - 40.30 6.385 1.024 20.95 - - 2.2 8.661 138.2 0.22 453.5 - 19 - 40 6.412 1.016 21.27 - 35 - 8.4 147.0 0.2134 482.2 
- - 10 39.37 6.691 1.0 2135 32 - - 1.9.SO 164.1 0.2020 538.4 
- 20 - 36 8.002 0.9144 26.25 - - 2.0 7.174 167.3 0.2 548.8 
19 - - 35.89 8.051 0.9119 26.41 - 36 - 7.6 119.S 0.1930 589.l - - 9 35.Sl 1.222 0.9 26.98 

1.8 7.087 206.S 0.18 677.5 - 21 - 32 10.13 0.8128 33.23 - -
33 - - 7.080 206.9 0.1799 678.8 

20 - - 31.96 10.15 0.8120 33.30 - 37 - 6.8 224.3 0.1727 735.8 - - 8 31.50 10.45 0.8 34.30 34 - - 6.30S 260.9 0.1602 8S6.0 
21 - - 28.46 12.80 0.7231 41.99 - - 1.6 6.199 261.4 0.16 857.S - 22 - 28 13.23 0.7112 43.40 
- - 7 27.56 13.65 0.7 44.80 - 38 - 6.0 281.1 0.1524 94.S.1 

- 35 - - "615 329.0 0.1427 1079 
86 - - 1.4 '"512 314.A 0.14 1120 
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GAUOB ENGLISH UNrtS MErRIC UNITS 

Its SWG Mllrlc o.=· ~ ix-. ..:"tt. .... 
39 5.2 383.S 0.1321 llS8 

II 
METRIC COPPER WIRE TABLES 

36 5.000 410 0.1270 1361 
CohtlDD 

40 .u '450.1 0.1219 l4n I . 
I Dl:tmder cA Wire 111 m111 

1.2 '4.72' 464.6 0.12 1524 a Area Wire Ill Square mm 

4.453 523.1 0.1131 1716 
s Reelatance Clune per 100 Metres 

37 4 We1'flt Crams per Metre Le~lh 

41 4.4 535.7 0.1118 1757 & Re1latance tn Cbna per 100 n 

1.l 4.:m 553.0 0.11 1814 I 
0 L•lllUl Metre& per Ctun Res\stance ., Number Turne Close WOW>d per Square Centimetre 

42 4.0 6'48.2 0.1016 2127 I 8 Neertll SWG Bqul<raled 
D Near•• AWG Bqutvalenl 

38 3.96$ 659.6 0.1007 2164 

1.0 3.937 669.l O.l 2195 (I) (2) (3) (4\ 

43 3.6 800.2 .09144 2625 o.os 0.00010'1 23'50 6.29 

0.9 3.551 122.2 .09 2698 0.04 o.001ze 1320 11.2 
0.05 0.00196 894 1'.5 

39 3.531 131.8 .08971 2729 I 0.011 0.00183 1119 2$.2 

44 3.2 1013 .08128 3323 
0.01 0.00385 455 M.4 
0.08 o.oosos 350 44.9 

0.8 3.150 1045 .08 3430 0.09 0.00636 276 50.0 

40 3.145 1049 .07990 3442 O. JO 0.00785 224 69.D 

41 2.801 1323 .0711$ 4341 
0.12 O.OllS 155 101 
0 I& 0.0177 99 J~ 

45 2.8 1323 .07112 4340 
0.10 o.oao1 87 J'ID 
0.18 o.om 159 226 

0.7 2.7$6 IMS .07 4480 0.20 0.0314 55.8 280 

42 2.494 1669 .06336 5476 0.22 0.0380 46.l 339 
0.25 0.0491 35.7 08 

~ 2.4 1800 .06096 !1907 o.&7 0.0573 30.8 51J 

M 2.361 1159 .06 6098 0.28 0.0616 28.5 650 
0.30 0.0'!07 24.8 1129 

43 2.221 2104 .05643 6903 0.32 0.0804 21.8 118 

0.55 2.16S 2212 .oss 72!17 
0.3& 0.0962 18.2 857 
0.38 O.IU 15.5 JOJO 

47 2.0 2593 .0$080 8506 0.40 0.124 J3.98 1120 

44 1.978 2654 .1>5025 8707 
0.45 0.15D JJ.20 1420 
O.&O 0.190 8.110 17'0 

0.5 1.969 2676 .OS 8781 0.&5 0 . 237 7.38 2110 
o.eo 0.28S 11.21 2520 
0.06 0.332 5.29 2960 
0.70 0.385 4.511 3440 
0. 75 0.442 3.97 3930 
0.80 O. tiOS S.49 4411() 
0.85 O.fia? S.11 &O'IO 
O.llO 1 0. &30 2.78 5880 
0.90 0.100 Z.41 g310 
1.00 0.785 !.26 61190 
1.10 0.9'4) 1.88 8470 
1.20 I. ISi 1.58 10100 

I.'° I.SS 1.34 11900 
1.40 1.54 1.16 IS'IOO 
I. 50 I.TT 1.01 1S800 
I. 00 2. 01 O.&eT 17900 
1.10 2.a1 0.785 20200 
1.80 2.54 o. '100 22600 
1.90 2.84 0.828 25300 
2.00 S.14 0.587 28000 
a.ao 3.80 0.468 33900 
2.50 4 . 81 0.303 43800 
s.oo 7.0T 0.25l Ol900 
uo 0.02 0.185 85100 
4.00 12.00 0 .142 112000 
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/' 

(5) (6) 
(7) 

(8) (9) U.S.A COPPER WIRE TABLES 

716 0.0426 43000 49 Column 

402 0.07:10 28200 48 I Wire alzc AWG or B C: S 
272 0.112 23500 47 2 Dtamcler In Mils • l /1000" 
188 0.182 16200 46 3 Ctrculu Area In Mlla 
139 0.220 11900 45 4 Turna per Inch llnear 
107 0.228 10700 44 40 5 Ftlet per 1 b bare 
84 0.$64 8600 43 39 8 Quna per 1000 n 
98 0.448 6700 42 38 
47 0.648 4880 40 37 ( J ) ( 2 ) ( 3 ) ( 4 l ( 5 ) ( 6) 
:!() 1.01 3120 38 35 
27 1.15 2760 38 34 

l 289. 3 83690 3.947 .1284 
21 1.45 2270 37 33 

2 2117.8 68370 4.977 .1593 
17 1.80 1890 36 32 

3 229.4 62840 8.276 .200V 
14 2.18 1540 35 31 

4 204.3 41740 7.914 .2533 
11 2.80 1230 33 30 

5 181.9 33100 9.980 .3195 
9.3 3.28 1060 32 29 

8 182.0 26250 12.58 .4028 
8.7 3.52 1000 32 29 

7 144. 3 20820 15.87 .5080 
7.6 4.03 890 31 29 

8 128. 5 16510 7.6 20.01 . 6405 
6.6 4.60 750 30 28 9 lH.4 13000 0.6 25.23 .8077 
5.54 11.49 640 29 27 

10 101.9 10380 9.6 31.82 1.018 
4. 72 8.47 560 28 2'1 II 90.7 8234 10. 7 40. 12 l.284 
4.25 7.20 510 27 28 12 80.8 61130 12.0 50.59 1.619 
3.41 9.09 400 26 25 13 72.0 5178 13.5 83.BO 2.042 
2.71 11.2 310 2S 24 14 84.l 4107 a.o 80.44 2.5711 
2.25 13.5 270 24 23 15 57.1 3257 16.8 101.4 3.247 
1.89 16.2 230 23 23 16 50.8 2583 18.9 127.9 4.094 
J.61 19.0 199 23 22 17 4&. 3 2048 21. 2 161. 3 5.163 
I. S9 22.0 174 22 21 18 40.3 1624 23.6 203.4 6.510 
1.21 25.2 132 22 21 19 35.9 1288 28.4 256.li 8.210 
1.06 28.8 118 21 20 20 32.0 1022 29.4 323.4 10.35 
0.95 32.5 108 21 20 21 28.5 810 33.J 407.8 13.05 
0.84 36.4 98 20 19 22 25.3 642 37.0 5H.2 16.46 
0.75 40.5 87 20 19 23 22.6 510 41.3 648.4 20.76 
0.69 44.8 19 18 24 20. l 404 46.3 817. 7 26.17 
0.57 51.4 19 17 25 17 .9 320 51. 7 1031 33.00 
0.48 154.6 18 17 26 l&.9 254 58.0 1300 41.62 
0.41 79.2 18 16 27 14.2 202 84.9 1639 52.48 
0.35 88.2 17 15 28 12.8 IGO 72.7 2067 88. 17 

0.31 101 16 IS 29 11.3 127 ·e1.6 2607 83.44 

0.27 115 16 14 30 10.0 101 00.5 3287 105.2 

0.24 130 15 14 31 8.9 80 101 4145 132. 7 

0.21 145 15 13 32 8.0 63 113 5227 167. 3 

0.111 163 15 13 33 7 I 50 127 6591 211.0 

0.11 180 14 12 34 6.3 40 143 8310 266.0 

0.14 218 13 11 35 5.6 32 158 10480 335 

0 .11 280 12 10 36 5.0 25 17S 13210 423 

0.08 405 11 9 37 4 5 20 198 16660 533 

0.06 550 10 7 38 4.0 16 224 21010 673 

0.04 720 8 6 39 3.5 12 246 26500 848 

40 3. 1 10 282 33410 1070 
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S.WQ TA8LIS. S.W.G. T'9LES. 

IL DIA.I AREA OHMINI OHlol• ,,. YAAOI .~ .. HR •unw• pH ""'" .. ,OU 
"o ,\!I. ICJtC;\Jl;"I IOOO.YOI. POUND. 0~. itt111 1'- 1000.- IHAMll. ·~?!:5 ~E ~I,.~, 

TeLCLJllnl TURNS PIR • SQUARE INCH. ~CUR.REN AT •u. lu""" IL£n"- '" Pt~ 

gg~~~ ~N.<MEL "s7~ .,~~i~ ~~T;~~ 1~~~ 
1000. AMP&. j4A£A CW. WIRE OHM OFWIRI 

PER •• ~_!lt,IARE INOUS~<tvt!'E IN VAROS 

6/0 .464 :! 15296 1002 (1()()(173 ,511 l955 
5/0 .432 186624 16'79 .000096 .589 16911 
4/0 .~ ltiOOOO 1911() ·~132 .638 1453 

196 .1963 517'1 
I l69 .1691 704:! 

' 147 .1466 6105 
126 .1:157 5233 

3/0 ,372 1311384 ~ .000175 ,797 1257 .. 109 .1090 4531 
2/C ,,,.o 121104 2526 ,000229 .910 1100 95.1 .o95l 3961 

62.5 .oa25 304 
I ,ou.J 10!5000 .M96 .OOOUll 1......, 1118 70.7 .mm 2945 

59.9 ,0598 ~.4nl 

3 252 63504 4815 ·····- 1,73$ 577 49 9 .0499 2J1l7 
4 ~·~ 53824 5679 M t16a 2,046 489 42 3 .0423 1761 

5 212 44944 6ll04 001666 2 ..u9 408 35.3 .OS53 146'1 
6 192 361164 .11292 002476 2.987 ~5 211,Q ,U21H 1:11>6 

lW 3 .0243 1013 
""I 0201 ,.. .... 

"" 
l4.7 

9 747 

9 144 20736 1.474 007ea7 !I.at .... 

10 • '"" 1~~ 1.866 O 12"..37,,-t-...-6,7n2r-t-r.'4::;9~,_.;,7;;.;.8;-+---i---1-.;7.:;,3;....i 
II 116 l3456 2.272 .of&SiJ 11, lll '"" 1,3 11, I 
12 tlH 1oa t6 2.0... .021i'ff"',;.-t-,m"u~h911m;; .• 11Mf---i9.~_ .. H--.+--+_,ft1;·.~ ~-I 
13 092 &464 3, lN 04698 13 76,9 I0.4 10.0 

17 ll~6 31.'16 

J4 •"~' -• 4, ID 082111 l"f 511,l 11,9 11,4 
II! ,072 5184 5. 97 l:t5ll0 21 47, I 13 2 
16 ,01'>4 4096 6. 11 2006 27 37.2 4.11 

llA" 6.9 
14 Q 14 . 1 

16,6 15.9 
18 0411 2il04 13.27 48 20 9 9.7 "'"' 19,6 18.2 
19 04 1600 19.11 13111 69 ol41! l3,5 ~· R 

20 036 1296 23.59 II.II :16.0 26.3 25,7 23.8 

34.11 

" I "·"" 1024 3.209 ""' 9.3 29.4 28.6 a6.3 

37.1 

22 .U~G 784 311.99 5,47!1 7.12 ~.o 32,3 

.olll,O 

23 .U24 516 10 14 I'll 

'"" 
a.. .022 484 63.16 14 37 

711.42 21.03 

38.!I 

42,6 
46 5 

37.1 
40.0 
43.5 

16 3 .()lf>3 f>7& 

1 I 54 49 l" 9 .0129 ....... 
., 1 1>9 !19 10.6 .0106 440.1 
85 6b 

-, 72 a.~ .00649 3541 

94 108 &9 6.65 .00665 276.9 
10.b 141 113 l'l.M .~~ .. ~ .. "t 

IJ .Q 175 141 4;m ···-f>7 169.9 

13.2 :II~ 216 210 IQ 169 3 .211 ... c.22 151.3 
14 7 ~lo!.'\ ;r1a ""'" ... .,.~ 2.46 00246 l02.6 

1" a 386 '"'2 376 3!!> 285 1.61 .00181 75.36 
19 b 550 5~2 llll9 44 364 I 26 001:16 !12 "-' 
21' &71> "76 640 5r;;z 451 1,02 00102 42.37 

23 3 852 1147 ~ 681 540 .804 ,00080 33 51 
25.6 1089 1089 IUl7 ...... 655 .61f> .00062 25.64 

29.4 ISB l!lf>8 Tl~ """ 860 .452 00045 1a.a5 
31.:1 1709 lbOO Tlon l:WC. 971 .380 .ooD38 llS.84 
33.3 _,, .. 2160 I-· ·~ftft Tm~ .314 .00031 13.09 
357 ~~· ~ ~"· 1770 .255 .. 25 10~· 

26 016 324 94,35 111 ,11 '"A 48.5 "7 Q 3 190 '170 "'51) afOO 1430 .211 oooa1 6.803 
:n 0 164 268. 96 11!.6 410 2,44 56,5 52.9 4n' 3900 ··- 3300 2500 1620 .1711 nnr 17 7.163 

50.11 
62,1 

28 0146 219,04 IJ9.6 70, 14 1.99 62.5 62.1 57.8 
29 n l~h IAA 96 I 611 f>7,f> 67 I 

42 4 4500 ....... 3800 ~800 1790 .145 nnn14 6.050 
44.6 55!5(1 5300 4450 J""'1 1980 .121 .00012 5.0:IO 

30 0124 153.76 1911.11 142 4 711> 1.4 74.6 73.0 67.1 57.5 46.~ 6300 ·~ ~ 3 .. n 2140 ·~ 4~~ 

31 .u 110 134.56 "" ·" ..,.,.., 7 9 ..,. 3 48.1 7300 6800 ~ -,,Q50 2340 na2 nnnna2 3.1117 
32 Olua 116 64 262.1 ll.47.A 115.7 75.2 63.3 50.1 1141JO 7800 6400 4~50 2500 Mii ~a 3 271 
33 010 100.0 305.7 1101 .908 91.7 ... 5 80.1 667 ._,I 1~ ~ 7300 ··~ 2700 ,.,, .. 

·"""""" 2.770 

469 8 34 ,UU'I .. 84 64 $61.2 1300 .769 100 95.2 55.5 70.4 
35 ·""'""' 70 56 433.a f>76.0 1564 .641 109 103 92.0 80.6 
36 .UUIO 57 7f> 1906 .525 UIO 112 116 2 

57.5 12000 10000 &400 6400 2300 .055 .0000<;5 2.309 
bO.:I I~ 1a500 97!.() 1~0 3600 -:fW5 000045 1.890 ' 63' .~ .. .Jf'Vt. 1~ 11000 ~.n 4000 ..... ~" 1513 . 

114.0 
109.0 

37 .vvoo 46.24 661.I 1:174 23111 135 ,.,. 107 0 992 

137.0 

M?.I 
1130 4603 

305& 
4070 

.327 

.2't6 
151 
175 

137 
154 

116.0 100.0 
l30.0 

161.0 

40 .~n 2304 1327 4T77 .209 189 164 
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AVAILABLE NOW 

SECOND BOOK OF TRANSIS'TOR EQUIVALENTS 
A1'<'t> SUBSTITUTES 

AVAILAflLE 
NOW 

by B. B. BABANI 
JfJCHGRADE 

SQUARE DACK 
BINDING 

/lvnllable ln the very nenr Julure. This handbook has been specially 

prepared by the auU1or because many thousands of new types or trans

istors have nowbeen rolc11sed on to the world markets since lhe pub

llcationlnFebruary1971 of the First Book of Translslor Equivalents 

and Substitutes • 
The First Book ofTranslslor Equivalents has hnd to be reprinted slJC.. 

times, reaching world s:lles exceeding a half million copies. The 

Second Book will be produced in U1e same style ns the First Book, but 

will in no way duplicate any or the data presented in this book. The 

SecondBookwtllconta!n only entirely new material and the two books 

will complement each 0U1er and make avallable the most complete and 

cxtenolvelnformatlonlnlhls field. The original unique rentures have 

been retained mak.J.ng for very easy use by amateurs, engineers and 

1ndustrlal users. The interchangeability data covers semiconductors 

manu!a.ctured 1n Gt. Britain, U.S.A . , Germany, France, Poland, 

Italy, Czechoslovakia, Japan, Austl'2lia, Scandlna'lia, Switzerland, 

Enst Germany, Belgium, Auslrla, Netherlands and m:my other cou

ntries. Immediate equivalents are shown and pos:>lble substitutes 

are also included. 
For theflretttme, asln the First Book, all the latest CV listings for 

all types of transistors have been included. 

BABANI PRESS BOOK NO. BP1' PRICJ::'lii11 



Fm ST nooK OF TRA:;SISTOR EQUIV ALE~'T AND sun
STITUT ES 

JnGll GR.-\DE 
SQUARE DACK 
BINDJ!l:G 

80 PAGES 
DY 

B . B. BABANC 

I.S.B.N. 
0 85934 000 'l 

Since !ls publlc:itlon, The Flrst Book of Trtnststor Equl-' 
valents has hnd to be reprinted 10 times, reaching world 
11:tlcs exceeding 1, 000, 000 copies. The Fh'st Dook is pro• 
duced In the same style as the Second Book but in no way 
dupllc:itcs nny o! the dab. presented in lltls book. The 
First Dook contal:ts dil!erent data nnd tho two books com
plement each other and n:::ike available tho most complete 
2nd extensive lnCormation m this Held. The unique features 
have been used in both books rnaklag for very easy use by 
amateurs, engineers and industrll\I. users. The inlerch:inge
:iblllty cbta cO\'el'S se.-nlconcluctors manufactured in Gt. 
Britain, U.S.A., Germany, Fr:uice, Pol10d, Italy, Czech
oslovakia, Japan, Australia, Scandlnavta, ·Switzerland, East 
Germany, Belgium, · Aui:trla, Netherlands and many other 
countries. lmmecil:ite equivalents are shown and passible 
eubslltutea are also included. 

We have shown, as In the Second Book, all the CV listings 
alloted to every type or transistor. 
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