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Editorial Views.

A Wireless Institution.

N our correspondence columns this month

I are letters from JMr. James Nelson,

M.IEE, and Mr. Y. W. P. Evans, on

the subject of a proposed * Institution of
Radio Engineers.”

That it is eminently desirable that those
technically interested in Wireless—in fact
the readers of EW. & W.E.—should have
some such institution nobody will deny.
But the question instantly arises asto whether
a new body is necessary for the purpose, or
whetlier, on the other hand, they are catered
for already, or could be catercd for, by
existing bodies.

One’s thoughts turn naturally to the
R.S.G.B. At present, undoubtedly, this is
rather a social, semi-technical, and adminis-
trative body for the general amateur. We
gather that it proposes to retain this position,
and has no objection to the foundation of
another institution being established for the
exchange of technical knowledge.

There are also various other associations
of a general wireless interest, but nonc of
these are technical or official bodies.

Lastly, what of the Institution of Itlectrical
Engineers? Here, according to the claims of
some of its members who have written
published comment on the new suggestion,
may be found all that the wireless engineer
requires in the way ol technical brotherhood.

Unfortunately, as things are at present,
this view is hardly justified by facts. True,

the LLE.E. has a Wireless Section ; but it is
open to any member of the Institution, and
therefore may contain many members with
no qualifications whatever as wireless engi-
neers ; while at the same time a real highly-
skilled wireless engineer, unless he has
considerable professional experience of heavy
electrical c¢ngineering, cannot get in!

The ILE.E. has not yet learned that a
wireless engincer needs at once more and less
experience than an electrical engineer pure
and simple: more knowledge of high fre-
quency technique, and less of some branches
of electrical engineering with which he is not
directly concerned.

Cbviously, the ideal solution would be to
have a Wireless Institute under the patronage
of the I.LE.E., covered (if possible) by its
charter and affiliated to 1t, while having its
own qualifications for entry,- its own pro-
ceedings, and its own distinguishing initials
as a mark of membership.

But unfortunately the I.I..IE. cannot move
quickly—-we believe that its next Council
meeting is some months ahead. So that it
would appear sound to support the proposed
new institution provisionally, on the under-
standing that if the I.LE.E. are preparcd to
recognise the distinct qualifications of the
wireless engineer, and cater for him preperly,
the new body and the Wireless Section cf the
1.E.E. should be fused.

The greatest difficulty that we foresec
(except possibly opposition from competing

B



August, 1925

bodies) is that of membership qualification,
as regards the proposed grades of Member
and Associate Member. Obviously, examin-
ation must be the basis. But there are
some men, in established positions, for whom
an examination would be an indignity. Yet,
among these well-known men there are some
who are ““whited sepulchres ”—who have a
reputation unearned and unjustified. Such
must always be the case. The only obvious
way out of the difficulty is to insist on
examination for «ll entranis except those
who, after the most searching deliberation,
are esteemed worthy of being invited as
TFellows.

Lastly, a minor criticism: if this is to
be a British rather than an international
Institution, why usetheinternational “Radio
instead of the British “ Wireless”’?  Wewould
sooner see it called the “ Institutien of
Wireless Engineers,” or the ““Wireless Insti-
tution.”  This will alvo limit the .amount of
confusion with the I.R.IE. of America.

Poor Henry !

People do some curious things in the
matter of names. One need only quote the
TFrench popular name for a tuning coil,
which began by borrowing ““ self-inductance
from English and went on to drop the last
part, so that a coil is now not only a bobine
d’accord (which is quite sound) but is often
called a “ self.’” How this must enrage those
I'renchmen who love their language |

Just recently we have come across another
curiosity, though this time not a matter of
language.

We have been testing a considerable
quantity of commercial receiving coils, and
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find them hardly ever to have the nominal
number of turns. Coils marked ““ 235" for
example, ranged from 22 to 31. The object
is fairly obvious.

Thefirstplug-incoils marketed were quoted
by their actual number of turns, and new
types are being given enough turns to bring
them up to the same inductance value.
Thus, in addition to the several existing
units of inductance, we have a new one.
The furm, which is “the inductance possesced
by one turn of a typical plug-in receiving
coil of 1922.”

WVas there ever anything more ridiculous ?
Remember, moreover, that the actual induct-
ance is proportional to something between the
turns and the square of the turns, depending
on the shape of the coil, so that the new unit
tells us very little as to the actual inductance.

No; let us stick to microhenries, and
exert all influence on the manufacturers to
sell coils by microhenries, with perhaps (for
the present) some note as to the equivalent
number of turns on a typical coil. What is
more important, let us f4ink in microhenries.
As a start, we give below a table showing
approximate average microhenries {or typical
plug-in coils of the best known sizes.

Turns, wH. Turns wH.
25 30 300 5000
35 60 400 9 000
50 130 500 15 000
75 300 600 20 000
100 500 750 32 000
150 1 200 I 000 60 000
200 2 200 I250 90 000
250 3 500 I 500 135 000
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Filters.

By P. K. Turner.

[R386

To the best of our know'edge there is no simple and fairly accurate account of filter' design available

at present, so we have provided what we believe to be one.

HERE scems to have been written

I in this country very little about
filters that is at the same time
correct and reasonably ecasy to understand.
The following notes may therefore be of
interest —the analysis on whieh they are
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Fig. 1. A rough idea of the vesonance curve of an

ordinary tuned civcuit.

based is given at the end of the article for
the bznefit of those serious workers who
wish to carry the investigation further.

TFirst, to clear our ideas, what is a
“filter ” ?  Strictly speaking, any circuit
which has a selective effect on the currents
entering it. A ‘‘frequency filter” is one
which exercises its effect according to the
frequency of the current, and is the only
type we arc considering.

According to the above definition, any
<circuit whatever containing inductance and
.capacity is a filter ; but the term has come
to b2 restricted to a particular type. - For
example, a tuned circuit having a resonance
curve of the type in Fig. 1 is not usually
called a filter. The

Practice is given first, theory after.

range, and a low, equally even, current
over any other part, the dividing line being
as abrupt as possible. Such filters are
sometimes called ‘“ Campbell ” filters, and
we shall deal only with them. Their uses
are very numerous.
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Fig. 2.. By contrast with I'ig. 1, this is one sort of

curve from a filter such as that in Fig. 3.

General Ideas.

Now the most general arrangement of
such filters is that of Fig. 3, and is seen to
be a network of impedances—nature at
present unspecified—partly in series with
the output circuit and partly across it. It
is found to make the calculation much
simpler if the two end series impedances
are made one-half the value of the rest.
The particular filter shown has three stages
according to the convention to be adopted
in this article, in which the input, but not
the output, circuit is regarded as a ““stage.”
In fact, the number of stages equals the
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number of “ Z,’s.

word, in modern prac-

tice, is used only to
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which  the  object

striven for is to (NPUT ! Z,
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curve of the type in

TFig. 2: a high, even

<urrent over some Fig. 3.

part of the frequency

The most general type of filter : Z, and Z,
vepresent tinpedances of some hind.
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Such a filter may be made to behave
very diversely, by a suitable selection of
the values for Z, and Z,. Unless other-

wise indicated, we are only considering
filters in which all the Z,’s are equal, and

also all the Z,’s. Tour examples are shown
in Fig. 4, together with their ideal
frequency-current curves. We say “ideal,”
because (as we shall show) such curves are
actually only got with an infinite number
of stages.

The formm of the filter usually gives
the clue by which we can remember
its function. Fig. 4a, for example, is a
“High TPass’ filter. Obviously D.C. (i.e,
zero frequency) could not get through it
at all. Similarly, for Fig. 4, D.C. weu'd
pass easily through the inductances, so
we can easily recollect that 45 is a “ Low
Pass ” filter; 4¢ and 4d, in turn, can be
remembered as Band Pass and Band Stop
filters by recollecting that the series impe-
dances of 4c are “ acceptors,” which easily
pass currents to which they are tuned,
whereas the series impedances of 4d them-
selves consist of inductance and capacity
in parallel, and thercfore form vejectors
which stop resonant currents.

We have explained that the frequency
curves in Fig. 4 are ideal ones, and could
only be given by filters with an infinite
number of stages. When the number of
stages is finite—say n—the filter is in
resonance for n-41 distinct frequencies :
if nis large enough, these are <o close together
that they simply give the “flat” top or
bottom of the curve a gentle waviness,
Note that there is no question of tuning
each stage to a different frequency. Each
stage as a wumit is tuned to the same fre-
quency : it is the combination of the stages
which gives the different ones. Examples
of this will ke shown later.

Practical Design.

We can now get down to a consideration
of the design of a filter. The questions to
be solved are three, being given the fre-
quencies to be passed and those to be stopped :
(1) How many stages must be used?
(2) What must be the values of Z, and Z,?
(3) How are we to design coils and con-
densers of these values?

The last question will not ke considered
here, as there is quite a lot of literature on
the subject.

6-
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Before however going on to give instruc-
tions we will, to prevent any chance of
confusion, define our terms:—

“ Inductance ”’ and ‘‘ capacity "’ need no
definition. ““ Reactance ”’ is the opposition
to an alternating current offered by an
inductance coil or a condenser. It varies
with frequency and is measured in ohms.

If the frequency is f, and we. defire o
as [xzw, and if we call reactance X, then
for an inductance

.Y e wL (I)
where L is the inductance in henries.
For a condenser,
T
X =- " 2
o (2)
where C is the capacity in farads. (Note

that capacity reactance 1s negative,)

Impedance is the combined eflect of
reactance and resistance. It is measured
in ohms and called Z, and is got by

Next, there are two frequent errors in
considering filters that might be cleared up.

I1irst, it is common to {ind the impedance
of the filter itself at various frequencies,
and consider it as a constant thing i itsell.
Certainly, it is a ‘‘ thing-in-itself,” but it
is not constant; it varies with the imge-
dance of the output load. It is not accurate
simply to add the impedance of the unloaded
filter to that of the'load and expect the sunx
to be the impedance of the whole circuit.

Second, it seems to be thought that on
adding stages to a filter they all behave
alike : e.g., that if one stage cuts down a
current to 1/10, two stages will cut it to 1/100,
three stages to 1/1 000, etc. This again is not
accurate; for each stage has a different
output load, and, as shown above, this
means that each stage behaves differently.

I have, however, found a way of expressing
the impedance effects of the load and the
filter itself, by the aid of some graphs.
These have been worked out for 1—, 2 ~,
and 3-stage filters; and are reproduced
herewith.

Let us call Z’ the “ filter impedance ”’ of
the filter, i.e., the wmput volts divided by
the ouiput current. Z, and Z, have already
been defined; Z, i§ the impedance of the
series part of one stage and Z, that of the
parallel part (see Fig. 3); Z.is the external
or load impedance.



THE WIRELESS ENGINEER 675

~Now it is possible to find certain quan-
tities, which we are calling 4 and B, such
that, at any frequency,

Z'—BZ. 442, W)

Obviously the last part gives the impe-
dance on short-circuit, 7.c., when Z. = o.
We give curves for these two quantities,
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always negative. (Those inclined for mathe-
matics should also note that if account is
taken of the resisiance of the filter com-
ponents, s will be a complex quantity.)
Throughout these notes we are assuming
that the resistances in the filter itselffare
negligible, as is the case in practice except
where specially noted otherwise. Thus,

= - |
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u |
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High Pass 0 Frequency 0
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Band Pass 0 frcquena/ )
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N
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Band Stop 0 FI'CunﬂCq oo
Fig. 4. The fowr main types of filter, with their ideal vesonance curves.

A and B, but in order to make them avail-
able for various types of filter we have had to
express them, not directly in terms of
frequency, but in terms of a quantity s,
which depends on frequency, and which we
will now define :—

s== .. .. .. (5)

It is to be noted that in every type of
filter that we are dealing with here, s is

since R is zero, Z, and Z, reduéo to X,
and X, respectively (see equation (3) ), and
we have
_ X
s= X, .. .. (6)
In the case of a Low Pass filter, X, is due

to a coil of inductance L, say, and X, due
to a condenser C, so .

wl

s= e =" IC . 0
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Yor a High Pass filter, X, is due to a

condenser and X, to an inductance, and
b
== .. ... (8
s w2lC ( )

Working out the other two cases, wehave:—

Band Pass filtey
(1—w2LC)2

s=-—="_ic .. (9)
Band Stop filter—
w2lC
S T wrLC) (x0)

Remembering that,if the natural frequency
of a simple circuit containing L and C is f,,
and wy = 27 f,, then

w02LC —'_—‘,I,
it will be seen that altermative expressions

for s are (putting A, for the wave-length
corresponding to f,),

Low Pass— . " -

Hugh SP—:SS; <QTO/) o <f .0) B ‘<7>
e - - )

Band Pass—

== (£ -4 = -G

Band Stop— '

6] = -3 . 3

<w0_w>2 fo_f>'~’ /A Ag\2
w Wy (_f ’fo (Ao '\ >
Where, in each case, L and C are the
inductance and/or capacity of a single unit,
and in.the case of band filters it is assumed
that the inductances and the capacities
in the series units are equal individually
to those in the parallel units. The value
of s, where this 1s not the case, 1s a little
more complicated, but can be easily worked
out by those interested. :

By means of formule (7) to {10), or (5)
or (6) in more complicated cases, s can be
found for a series of values of w, and hence,
by the curve sheets reproduced as Figs. 5
and 6, A and B can be found for all
frequencies.

This enables us to find Z’, but as a gencral
rule we are not so much interested in Z’
as in the ratio Z’/Z., for it can casily be
shown that this latter is what may be called
the “filtering ratio”; the proportion of
applied voltage which actually reaches the

»
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load. It is easily seen from equation (4)
that
ZZ =B —}—Zz 4 (11)
lt? £

In the case of complicated filters, Z,/Z, is
a quantity which varies with frequency,
and must be worked out in each individual
case. But in the case of High Pass and
Low DPass filters one can express it quite
simply, in cases where Z, is either a pure
inductance or a capacity. We then have
the following four values for Z,/Z,:—

Low Pass. High Pass.
L1 L
Rl L.'s L.
I 5 C. 1
D L Ce e
wCe C C’s (12)

We therefore see that Z’/Z. can for these
cases be expressed in terms of B and either
A or Afs, and to deal with this latter case,
which often arises, we give curves for 4/s
as well as for 4.

Coming now to the curves themselves,
Fig. 5 gives values of 4 for 1-stage, 2-stage,
and 3-stage filters. Note that the value
for a 2z-stage filter is given as negative,
in order to avoid doubling the size of the

diagram: eg., A, for s = —6 has the
the value —11.5. Note also that at various
values of s between o and 4, A4 falls

to zero, which appears to mean that the
filter has no impedance. Actually, as we
have stated above, we have neglected
resistance throughout, so that what this
actually means is that there is no reacfance ;
the impedance depends only on the ohmic
resistance, and in any well-designed filter
it will be, not actually zero, but at any rate
a minimum. By the same token, a negative
value of A means that the reaclance is
negative, i.e., that at that frequency the
filter behaves as a condenser. Fig. 6 shows
values of B, and the remarks made in con-
nection with Fig. 5 also apply.

In these two figures, however, the necessity
of showing what happens when s is greater
than —4, f.e., when the filter is “ cutting
off,” has made us show on rather a small
scale the effect when the filter is “ passing.”
We therefore show to an enlarged scale in
Figs. # and 8 values of A and B when s
is less than —4. Also, in Figs. 9 and 10,
we give two corresponding curves for A/s.

How, then, do we set out to design a
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Figs. 7 and 8. Ewlargements of that part of Figs. 5 and 6 dealing with small values of s.
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filter 7 We must first know two, or rather
three, things: First, the pass frequency
range; second, how sharp a ““cut off” i1s

required; third, what is the load impedance.
Perhaps we can best show by an example.
A recent case we had to consider was a
special filter for a long-wave amplifier.
It had to pass all audio-frequencies, but
cut off everything from 30000 upwards;
and the working load was an L:F. transformer.
It was, therefore, a Low Pass filter, for
which (see equation (7))

s= —w2lC

TFig. 5 showed that the critical value of
s is —4, and we therefore, as a preliminary,
said : “s shall be —4 for f about 20 000,
or w 125000, Or, say, w = I20 000.

What, then, is Z. at frequencies of this
order 7 Well, an intervalve transformer
consists, really, of a high

679 August, 1925
to pass 20 0oo and stop 30 0ooo. The value of
s for the latter is approximately twice
that for the former. ~Also, we naturally
want to use as few stages as possible, and
we will assume that Z'/Z, must be at least
50 for 30 ooo frequency: i.c., only 1/50 of
the applied voltage is to get through, as
an absolute maximum. '
Looking at Fig. 11, we find that with
one stage we can just fulfil the requirements

by putting s = —43 for 20 000 cycles, when
we shall have s = — 10 (about) for 30 000,
using C./C = 3. This, however, means a
value of Z'/Z, of — 3for s= —2 (about 12000

cycles)—the filter will cut off quite a lot
of the audio-input for high notes. Further,
Ce/C = 3 means that the filter condensers
must be one-third the load capacity, or
00003, which will mean very large
inductances,

inductance shunted by a

condenser (its own self- 20

capacity). Most trans-

formers resonate at 2 0oo

—3 000 cycles. Above

this they act as con-

densers. At 20000 cycles

practically all the current
will flow through the

capacity, and so we will

neglect everything else

and say that Z, is due
to a condenser of

.0001uF.

This leads us to (12),

from which

" Z, cC.

z.—C

and we want to find out

what value of C,/C, used
in equation (11), will give

2N

us a good high value of
Z'|Z, for frequencies of

30 000 and over, while at

.

thesametimekeepingthis
value low for audio-fre-

quencies up to, say,

15 000.

For this purpose we

got out, using Figs. 5 and
7 and equation (11), the

curves of Figs. 11 to 13,

showing Z'/ Z, against s
for various valuesof C./C.
Remember that we wish

-2

Fig. o.

-4 -6 -8 -io

S

A curve for Afs, which is needed in some cases.
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Comparing Fig. 12, for two stages, we find
that for C,/C = 1, with s== — 5 for 20000
cycles, we shall get a much higher filtering
ratio at 30 000 cycles (over Io0o) while the
largest values of Z'/Z. for low frequencies
are 1.5 at s=—1}% and 1 at s=—4. The
former means a 33 per cent. decrease in input
at 10 0ooo cycles. Examination of Fig. 13
shows still higher cfficiency, but at the cost
of an extra stage. Assume then two stages,
Ce/c == T,

This means that the filter condensers
must be .0o01, as was the load. Also,

- 680
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This completes the design of the filter
as a filter. True, we have to work out the
turns, etc., of the coils; but that is the
design of coils, not filters, and (as already
stated) will not be treated here.

Recapitulating the design procedure :—

(x) Find out what Z, is, and decide what
sort of filtering ratio {Z’/ Z,.) is wanted for the
“cut-off 7 part of the range, and between
what frequendcies the cut-off is to occur.

(2} This will give the clue to the type of
filter. By the use of (11) and (12) draw
rough curves of Z'/Z, against either s or

s — — w?l.C— —— 5 for a frequency of 20 ooo  frequency, for various values of Z,/Z.
+2 1 } | I ‘ T T T I [
=|3ats=Q | P 10l
NPT L1 1 i
NN L[] |
\ i [ ]
+ , - 1
~L\ [ |
) N A | , [ A
A4 ~— S | I K
N ST T[]
0 \ \\ o Vf,____kr.
o ™~ AT NS
,/
! ‘E—-
- \ S
| , , \
J] : \
_ Ll i
|
- ! |
> | l |
0 -t -2 -3 -a -5
S

Fig. 10.

(or w=120000 approximately). Knowing
w and C, we can find L, which comes out
at 3.5 henries. Our filter will therefore
be as shown in Fig. 14, remembering
that the end coils are one-half the centre
one.

(N.B.—This condition—that the end units
are }Z—may seem to offer difficulties in
band filters, when each unit has both
inductance and capacity. The solution is to
use half the inductance and double the
capacity.)

The lower part of Fig. o enlarged.

(3) Decide from these the most hopeful
curve. High values of Z,/Z, give high ratios
in the “ pass " region, but give a good “ cut-
off ” with few stages. Don’t forget that
high or low values of Z,/Z, may affect the
ease of construction of the filter. Individual
judgment and ‘ horse sense” must come
n here. -

(4) Havingdecided on Z,/Z,you can specify
the coil or condenser value for Z,, and from
s, w (or frequency) and Z, you can find the
coil or condenser value for Z,.
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Theory.

The analysis is based on a treatment by
Cohen, which appeared in the Journal of the
Franklin Institute, May, 1923, and which had
the great advantage of dealing with filters
having a finite number of stages.

This treatment, however, did not include
any provision for an output load, and
was mainly directed towards finding the
resonant frequencies. From the present
point of view the expression for current
(or, alternatively, impedance) at various
frequencies is the real desideratum.

As the effect of a finite load shows itself
quite ecarly in the analysis, it is con-
sidered best to give here the complete
calculation, and not merely a supplement.
This also enables us to avoid one or two
errors in the Cohen analysis as presented.

Regarding now Fig. 15, it is obvious that
the EM.F.s acting in any circuit, say the
mt(notan end circuit), fulfil the equation:—

(Z.+2Z)w—ZImsr+In) =0  (13)

I being supposed the current set up by
a sinusoidal E.M.IF. applied at the input,
and Z, and Z, being impedances of the form
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Figs. 11 to 13.
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It is easily proved that thesolution of (13) is
Im= (— I)m (:1 ™ +BE"”7) (14)

subject to a condition as to the value of .

N J
Ll "
Sof &
200 ‘ i
o
| Yo,
150 [
!
2! |
r—u !
Ze | ‘f
100 i
50 1 /
O P — e e /
0 -2 -4 -6 -8 —~10

S

Three curves showing the performance of the particular filter chosen as an example,

and shown in Fig. 14,
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Substituting from (14) in (13) we have or B 4 5T ej €Y —27 (22)
(-1)"Z,(4 e”’7+Be"’"7)+Z2[2(—1)'”(:1 emrL Be ) ] £ —er 427
& (—I)"H” 1(‘_1 Em+1y__{_B£—m--|~-lq) where 7 = Ze/Zz.
— (—1)Pl (A g Benin)] =0 (15) Now substituting from (22) in (20),
2F 5
Collecting termis in the second expression, ~Zie '5_7):_-;157—[’)5—7
(__I)le(A £y + BE—’”") — ) ) . =
# [ o e —
_(_1)7,122(1‘16”17—}_5)5—”“) (£7+£~y+2) (16) , =A£1+17|,£ 17—817?76_7+ér
whence — Zl/Zz = & -+ + 2, .y - __(57_5—7) (57'7 E—n7)+2r(5717+5—n7)
or &t er=—(2-—12,/Z,) (r7) —“¢ ! & — ¢ 4 2
or, as an alternative expression, or
chy=—(1+4%2,/2,) . (18) A 2 Ee+17 (e7—gvL27)

which is the condition for .

To find A and B (these are not, of course,
the quantities defired as 4 and B in the
earlier part of this article), we use the con-
ditions in the first and last circuits.

E being the input voltage, we have :—

A2, +Z)I,—Z,I,=E .. (19)

Substituting from equations (17) and (14),
we find

Zy(er+em) (Aev+ Be) — 27, (de2v+ Be?v) =2

or, on simplifying,

2FE
Aet— Ber= —m E (20)
Yor the (m--1)" or last circuit,
3z, +Z.,+2)t—~Z.1,=0.. (21)

175H 3-5H

T 000! ']" -0001
A

Fig. 1y.  The example : « filter to pass freely up
to 20000 cycles, and practically stop evevything
above 30 0oo.

I-75H

’66\__

or
{(Z,+2Z) iy —22, 1= —22.1,,,

again substituting from (17) and (14),
— {3tz (evver) (A e"—+17+B£"‘—I‘7)
—27Z(—1)"(de" + Be™)
=2 Ze(—1) "+ (A" + 174 Be +17)
dividing by { —1) *Z., and simplifying,
AT (Y —ev—2 2,/ 7 ,) —
‘ Be‘-"'*'”(e?’—s“?’—{—z ZyZy) =0

Z;(ei _—5;7)[2 )’(e"”f—g"“? )—(57;-5:;YW5”—7—£_‘”7ﬁ

(23)

In terms of hyperbolic functions, this
becones

Eentiy shy 4+ r

A= 2Zyshy  shyshny — rchny

(24)
and by a simple transformation, using (24)
in (22)

E 511+i-y

Dl - Shy — 7
2Z,shy

B shy shny — vchwy

(25)

Finally, substituting these values of A
and B in the expression derived from (14)
for the current in the load, one sees at a
glance from (24) and (25) that the expression
simplifies considerably. We have, in fact,

E

+ =/__ “+1 0=
Iity=(=1) Z . (shy shuy —r ch ny) (26)

If now we define Z' as E/I,,, (input
EM.F. over output current), we have

Z'= (=1t (Z, shy shny—Z, chny) (27)

or if we define Z’/Z, as the “filtering ratio”’
(ratio of input E.M.I°, to the E.M.F. across
the load)
Z,_ —_T\n+1 Z‘-’ _ S
Z_( 1) (Z‘slzyslz ny—ch ny) (28)

‘As shown in (18) above, y is defined by
chy=—a+4%2,/Z,),
and it will ke found that in all useful reactive
filters, Z,/Z, is essentially negative, so that

where Z,/Z. > 4 in absolute value, chy is
positive and > I as is necessary.
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Tor Z,/Z, < 4, chy < 1. To deal with
these cases, we lave only to postulate
v =40, whereupon (I8) converts to
Z,

/
c0s 0 = — 141
\ +.§Z:

and (28) becomes

ZTZ, = —(—1)1+? (fgsinBsin 1 +-cos né | (29)

“e
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Resonances.

If it is desired to get, without actually
drawing curves, information as to resonant
frequencies, one has only to put Z'=o,
when we have

Zechny = Z, shy shny,

or —Zycosnl = Z,stn 6 sinnb .. (31)
or “shythny = Z./Z,
— sinOtannb = 2./Z, .. (32)

z, }-- { z

s 52 - 2
INPUT | 2 é\a

n4

{(28) and (29) ‘can be expressed a little more
neatly by changing the exponent of -—I
thus :—

ZZL’:(_I)” (chny— 5_; shv sh ny)

=(—1)"(cos nb —|—§2 sinf sinnd) (30)

The curves for “A” and “B” in the
earlier part of the article are derived from

(30) ;
CAY=(—1)" sin 8 sin 10
==—(—I)" shy shny
while '
“B” = {—1)" cos nb
(—I1)"ch ny

I

These equations are ecasily solved graphi-
cally, and will be found as a rule to have
#--1 solutions.

In the case of a shorted filter (Z,=o0) both
equations (32) lead to

nf == sw (s=o0, 1, 2,....%) (33)

Under these conditions, equation (18)
becomes

smo_ g é, \ /

cosn— (I_'—IZZ/ (34)

Wlhere there is any possibility of resonance,
Z,/Z,willnot be independent of w : putting
Zi/Z, = f(w), we have

flw) =
and putting s=o0, I....#n, we have n 41

values for, f(w) from which we can find # +1
resonant frequencies.

-2 [ cos ?)—7—|—I (35)
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A Variable Resistance for Radio Frequencies.

[R248

By R. M. Wilmotte, B.A. (of the National Physical Laboratory).

Describing ihe design and construction cf an instrument enabling continuous resistance variations {o be
made without affecting the shape and reectence of the circuit.

T is often necessalry in measurements
I at radio frequencies to be able to vary
the resistance of a circuit. This is
usually done in discontinuous steps by adding
short lengths of resistance wire.

The need of bcing able to vary the
resistance continuously to simplify certain
measurements became apparent to the
writer, and it was with this end in view that
a number of designs were tried and tested.
In order to fit with resistance boxes available
for radio frequencies, which read units up
to 10 ohms, it was decided to design &
variable resistance reading to just over I
olim with a scale divided into hundredths
of an ohm using about 25 cms. of wire.

A variable resistance for radio frequencies
is required to have the following properties:
It must be possible to vary the resistance
without altering the shape of the circuit
in any way, so that in the usual case, when
an E.M.F. is being induced into the circuit

A photograph of the actual instiument.

in which the measurements are made, the
coupling, whether magnetic or capacitative,
will remain unaltered. The value of the
resistance should be very little aftected by
frequency, and the reactance of the circuit
should not change as the resistance is altered.

It is not possible to make a resistance
absolutely inductionless or without capacity :
the termirals alone will always have a
capacity of 2 or 3uupl’. This will alter
the effective resistance and celf-inductance
of the resistance.

Supposing R is the effective resistance,
L its self-inductance, and C its effective
capacity, then the resistance can be repre-
sented to a high degree of approximation
by an equivalent circuit having a capacity
C shunting the resistance R and the induct-
ance L in serics. This circuit can easily be
shown to be equivalent to a resistance R,
in series with a self-inductance L, where

Ry = . R ]
(1-LCw2)2+ K2(C2w?
and
1, = Ll—LCut)-ReC

(x— Lcw2)2_*;R262w2
When L and C are both small these approxi-
mate to

Ry — R and L, — L— R2C.

TFrom this it is seen that in order to keep
L, small, it is necessary to make L and C
as small as possible, while the effective
resistance is unaffected so long as L and C
are sufficiently small.

The variation of resistance in the design
finally adopted is obtained by making part
of the wire of copper and the other part of
some high resistance wire. The brushes
are kept fixed and the wire moved, so that
when the pointer is at zero, the wire between
the brushes is nearly all copper and when
the pointer is at 1 ohm the wire between
the brushes is nearly all resistance wire.
In this way the shape of the circuit remains
absolutely unaltered.
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On account of its good surface qualities,
nickel wire, which was tested and shown
to be non-magnetic, was chosen. No. 20
S.W.G., having 0.8 ohm resistance per metre,
was rolled out to a thickness of 0.045 mm.
and a width of 2 mm. so as to have a resistance

2

W]

ELEVATION WITH SIDE REMOVED.

of about 5 ohms per metre. This was
necessary on account of the “skin ™ effect,
which would have been very appreciable
in the circular wire at high frequencies.

The wire thus rolled out showed no
appreciable ‘“skin ™ effect at a frequency
of 13500 kilocycles per second. Some
No. 20 s.w.G. copper wire was similarly
rolled to a thickness of 0.042 mm. and a
width of 2 mm.

Diagrams of the variable resistance are
given in the accompanying figures, which
show the instrument in plan, with the top
removed and in elevation, with one side
removed. The wire is wound round an
ebonite drum 7.7 cms. in diameter in which
a small rectangular groove 3 mm. in width
and r mm in depth is cut — making two
complete turns of 1 cm. pitch. One turn
is of copper and the other of nikelin, soldered
at the centre of the groove to a fixed copper
strip B. The other ends of the wires are
soldered on to copper strips C, pivoted at
A and held by springs S.

This was found necessary, for in ordinary

5 August, 1925

resistances which are wound on cbonite,
trouble often occurs through the expansion
of the ebonite with a rise in temperature,
which causes the wire to come out of the
groove when the chonite cools. DBy means
of the springs S this difficulty is overcome.

- LS -3

PLAN WITH TOP REMOVED.

The reason for the big pitch of the groove
is to diminish the effective capacity and the
proximity effect : that is, the loss due to
the eddy currents in the wire produced by
the magnetic field of the rest of the wire.
This would be produced mainty by the
radial component of the magnetic field,
owing to the large width of the wire com-
pared to its thickness, and it is the radial
component which is most affected by the
proximity of the turns.

The brushes 4 are made of phosphor
bronze with a small silver contact fitting
into the groove. As the handle N is turned
the ebonite drum advances while the
brushes remain in the grooves. This motion
is obtained by a pin P, which fits in a screw
thread cut on the spindle E of the drum.
On this spindle is fixed another ebonite
drum 7, on which the scale is engraved.
This is read by means of a fixed pointer Q.
The scale moves backwards and forwards
with the motion of the drum, so that it is
necessary either to have a long pointer or
engrave the scale on a helical line.
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In the instrument as described the current
makes one complete turn of the drum and
resistance has, therefore, quite an appreciable
self-inductance. This is counter-balanced
by the thick copper wire W, which is fixed,
going from one brush, round the drum to
the terminal. This wire is always in the
circuit, so that the current flows in one
direction round the drum and in the other
direction along the wire W. The area
enclosed by the current is thus very small.

A small layer of transformer oil was put
at the bottom to kecp the surface of the
metal clean. By rotating the handle once
the groove becomes filled with oil and good
contact is ensured between the brushes and
the wire. The whole instrument fits a
cubical box of 12 cms. side.

There is, of course, always a resistance in
circuit, even when the pointer is at zero.
The calibration refers to the difference in
resistance and not the actual resistance,
this method being the most convenient
for the majority of purposes.

The instrument was compared with some
No. 37 s.w.G. manganin and showed an
error of § per cent. at 1 500 kilocycles. The
D.C. calibration therefore can be assumed
to hold up to that frequency.

After a lapse of two months, the calibration
had not altered to within 2 107% ohms.
The instrument has been in constant use
and has proved to be reliable, no trouble
of any kind having been encountered with
the contacts.

A simple application of a variable resis-
tance is in the measurement of effective
resistances by the resistance variation
method. In this method the current I,

6%6
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in a tuned circuit is measured and a
resistance 7 added, reducing the current to
I,. 1If the current in the circuit does not
react on the source and the coupling remains
unaltered, the resistance R of the circuit
is given by
I
R = 7T, r

When a large number of these measure-
ments have to be taken, they become very
tedious. The work is much shortened and
the reliability slightly increased if 7 can
be adjusted to make I, a simple fraction
of 7,.

Thus, if
]2 3 5 2
—j*-— 3 50 8 32
1
R
¥ = i3 5', r;, 2.

This represents the usual range, for the
accuracy decreases rapidly for small and
large ratios of 1,'to 7/, Curves by which
I, can be read quickly from I, for any
of the above ratios are convenient, for it
Is necessary to take more than one reading
to obtain reliable results. By this means
the author has been able to reduce the time
of taking readings in conjunction with high
frequency resistances research by nearly
one-half.

The apparatus described herein has been
designed and used in connection with work
carried out for the Radio Research Board
established under the D.S.I.R., and I am
indebted to the Committee of the Board
on Propagation of Waves and Standards
for their helpful criticism.

‘A Correction.

We regret that two unfortunate typographical errors crept into a formula appearing

on page 614, EW. & W.E, July.

This was in Mr. S. Butterworth’s article on ““ High

Frequency Copper Losses in Inductance Coils.”

The formula for the resistance of single-layer, short colenoids was given as

R = R{x+F + (329 +2)

instead of

({2
J=5: ¢

v p : . b\ d2 ~\
R_R11+Z’+<329+;1>DZGJ
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Rectifiers for High-Tension Supply.

Part I: Mechanical Rectifiers.

[R555°5

By R. Mines, B.Sc.

The first part of a short series treating this interesting subject in detail.

ROADLY speaking, a rectitier (or
sometimes ‘‘ detector ”’) is no more

than an “assymmetric conductor,”
that is, a conductor whose electrical behaviour
is different for positive and negative applied
voltages. It will be realised, however, that
when such apparatus is to be used for obtain-
ing high-tension power from an alternating
source, the ratio between the powers passed
by it in the two directions must be taken
into account, as it is an important factor
in the efficiency of the combination, It is
desirable, in fact, to use only those types
of apparatus that offer a complete block
to the passage of current in one direction
(called “‘ perfect rectifiers””); hence the
definition given in our previous article
(E.W. & W.E, p. 580, July, 1924)—“an
apparatus that will allow current to flow
through it in one direction only when an
alternating P.D. is applied to it.”

The knowledge that the direction of flow
of current in a circuit may be controlled
by a mechanical device, called a ‘“switch,”
leads to the suggestion that such a switch
may be used for rectitying an alternating

supply. It must be realised at the outset,
’ - iy
A.C. A o
D.C.
O =
Fig. 1. Half-wave vectification—single-pole

switch synchvonously operated.

however, that to make full use of the supply
the switch must perform a complete cycle
of operations for cach cycle of the alternating
supply, whatever the frequency of this may
be. To comply with this condition, for
supplies at the wusual power frequencies,
two main types ot rectifier have been evolved,
viz., the wibratory or “reed " type, and the
rotary or ‘‘ commutator ”’ type.

One of the main advantages of the
mechanical rectifier is the direct control
that may be execrted on the cycle of
operations—the instants of making and
breaking the connection in either direction,

i.e, the “duration” and the * phase’”

-

U AE——
H.T.

D.C.

—
a

Full-wave vectification, with
switch and mid-point tap.

Fig. 2. two-way

of the contact may be chosen within wide
limits to suit the work in lhand, and if
desired may be made variable during the
running of the apparatus.

Vibratory Type.

As suggested in the article referred to
above, let us consider the high-tension
circuit as having a constant P.D. maintained
at its input terminals, so that supplying
power to the circuit must consist in pumping
current against this steady P.D. The
problem then becomes analogous to the low-
tension one of charging accumulators from
an alternating supply.

{a) The simplest method that presents
itself is to use a ‘single-pole one-way”’
switch, as shown in Tig. 1. The operating
mechanism of the switch (to be described
later) must be arranged to close the circuit
for as long as the supply P.D. is sufficiently
high and in the correct direction to drive
current into the high-tension circuit, and
to keep the circuit open for the remainder
of the cycle of the alternating supply. The
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P.D. relations, the current pulses flowing,
and the “back EMF.” which the switch
must withstand, are similar to those in
the general case, described on p. 381 of
EW. & W.E, July, 1924, and illustrated
in Figs. 1 (b) and (c) thereof.

(b) “ Full-wave ” rectification may be
obtained from two transformers or one with
a mid-point tapping on its secondary by
using a ‘“single-pole two-way’ switch as
shown in Fig. 2. This corresponds in a
similar manner to ‘the second method
describzd (see Figs. 2 (b) and (c) of July
article).

(¢) The same result may be obtained
without the necessity of a second trans-
former or a mid-point tapping by using a
“ double-pole *’ switching device instead of a
““single-pole ” one. The arrangement is
shown in Tig. 3; the two switch-arms
shown have to work in step with one another,
which may be accomplished by-mechanical
coupling or similar means, so that no
addition to the operating mechanism is
involved. A modification is shown in Fig. 4
which requires only one vibrating armature ;
but this must carry two contact plates as

| G 4—0—)4———]

(e +
A;,C' V HT
— D.C.
O— =S
Fig. 3. Full-wave vectification without mid-

point tap, using double-pole switch.

shown, insulated to withstand the full
D.C. P.D., between them.

(d) In Tig. 5 is shown the wvibratory
rectifier applied to the Coolidge and Hull
method of rectification ; the rectifier is of
the ““ single-pole two-way ” type, as used in
method (b) above.

Operating Mechanism.

Since the moving contacts of the switch
have to operate in synchronism with the
alternating supply, a solenoid excited with
A.C. from this supply and acting on a
magnetic armature which carries the moving
contacts, affords a solution that is at once
simple and effective. It should be noted
in passing that the magnetic armature
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must he ““ polarised,” else it will give a
double frequency of motion. More simply, a
soft iron armature changes its polarity
with that of the solenoid, by induction,
and hence is attracted for each maximum
value of the A.C. (in either direction) and
released for each time the A.C. passes
through zero. On the other hand, “ polaris-
ing "’ the armature (i.e., giving it a fixed
magnetic polarity) makes it sensitive {o the
direction of the magnetic flux ; it is attracted
at the maximum values of the A.C. in one
direction, but is repelled at those in the
opposite direction.

It is necessary now to consider what means
can be adopted for ““timing " the making
and the breaking of the contact. In gencral,
with this type of rectifier, the “ contact
time ”’ or duration of contact may be con-
trolled directly by either or both of two
factors: (1) The position of the fixed contacts
relative to the vibrating contact; (2) the
amplitude of wvibration of the moving
contact. In practice it will be found most
convenicnt first to obtain an approximate
value of (2) by choosing a suitable size
of driving solenoid ; then final setting to the
working conditions is obtained on (1),
which is usually a screw adjustment. Next,
the correct phase relation must be established
bztween the switch movement and the supply
alternations, and to do this, use mayv be
made of the inductive property of the driving
solenoid—that the current flowing through
it lags bzhind the supply P.D. by some
angle less than go°. By connecting external
resistance 1h series with the solenoid, this
angle may bz reduced to a few degrees;
and if a condenser is used it may be taken
past zero and the current caused to lead the
supply P.D. By reversing the connections
to the solenoid, the considerable range of
adjustment thus made available may be
doubled. Perhaps it is hardly necessary
to point out that controlling the phase of the
solenoid current affects the phase of the
motion of the vibrating contact through the
intermediary of the flux produced by the
solenoid.

In such a tuned reed rectifier, Simmonds?
finds that sufficient control is obtained on a
s0-cycle supply by using only a series
resistance (maximum value, 300 ohms).
He also states that he relies on adjustment

1 Simmonds, “The Constructionof a Tuned Reed
Rectifier,” E.W, & W.E., January, 1924, p. 221.
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of this resistance to obtain sparkless opera-
tion under wvarying working conditions,
without alteration of the screw adjustment
of the fixed contact.

The Moving Contact.

There are two kinds of moving armature
in use; they may be denoted by the

1 1
—y
——¥
C)——AI
) +
From ‘__r_] HT
AC. ! D.C
Sepply | L -
N 7
Fig. 1. Sume as Fig. 3, but with an alternative

form of switch.

terms ‘‘tuned,” and ‘“free” (or so-called
‘““aperiodic ”).  As may be gathered from
the name, the tuned armature consists
of a mechanical oscillatory system, having
a natural frequency which is made equal
to that of the alternating supply. Thus,
in operation the system is wibrating in
resonance, and as is well known the maximum
amplitude of vibration is obtainable under
this condition ; herein lies one of the
advantages of using a tuned armature.
Simmonds (loc. cit.) uses as armature a flat
strip or ‘“reed ”’ of spring steel, the dimen-
sions being chosen so that it resonates with
the supply frequency of 5o cycles per second.

Generally speaking, however, the diffi-
culties of making a tuned armature operate
satisfactorily increase with rise in frequency,
for even though the condition of resonance
is still used the amplitude obtainable in the
mechanical vibration falls off rapidly. This
effect may be noted in the case of the
‘““ Microphone Hummer ” used to generate
alternating current at 800 cycles per second
for telephony testing work. In this
apparatus the steel reed and its mounting
block are cut from the solid ; the amplitude
of vibration is wvery small (measured in
thousandths of an inch) so that operation
is rendered possible only by use of a sensitive
microphone worked by the reed in place of a
make-and-break contact.
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The free type is in general an armature
whose natural frequency of vibration is
very low, this being secured by weakening
the elastic controlling force rather than by
increasing the moment of inertia (dependent
on the mass). Thus, in normal operation
the armature exccutes ‘‘forced vibrations
at a frequency considerably above its natural
frequency. An example of this type is the
Army “D Mark ITI.” Telegraph Vibrator,
which is essentially a high-pitched buzzer
normally operating at a frequency between
150 and 500 cycles per second. Dyer?
describes the adaptation of this instrument
as a full-wave rectifier, working at the
frequency of a public supply. In view of its
performance as a buzzer, working from dry
cells, there should be no difficulty in securing
satisfactory rectification from a power supply
at higher frequencies, e.g., 500 cycles per
second as is obtained from the small wind-
driven alternators.

“ Voltage » Limitations.

The rectifiers developed by Simmonds and
Dyer were both designed for low-tension
operation, ¢.e., the charging of accumulators.
The latter states, however, that his apparatus
operates satisfactorily direct on the zoo-volt
supply. It is recognised as desirable thadt
the time of breaking circuit should be
adjusted as closely as possible to the instant
when current ceases to flow, if only to secure

e

v
o—7 +* — ..
=

&

Tig. 5. Full-wave vectification——"" Pulses” delivered
to the two halves of the D.C. circuit in sevies.

maximum life of the contacts.- If in
addition to this, the time of making contact
can Dbe sufficiently closely adjusted to the
instant when the P.D. between the contacts
reaches zero, then the following condition
is obtained : That the P.D. between the
separated contacts (whose maximum value
is the ‘““back LE.M.F.” on the rectifier)
is approximately proportional to the distance

2 Dyer, A Full Wave Rectifier, EW. & W.E,,
September, 1924, p. 728.






